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ABSTRACT

" This report presents an assessment of matetrials compatibility data for
" hydrazine monopropellant propulsionh systems applicavle to the Space Shuttle
vehicle missions, Materials were evaluated for application over a lO-yr/
100 -mission operational lifetinie with minimum refurbishment,

A gencral materials compatibility rating for a broad range of materials
and several propellants based primarily on static liquid propellant immetsion
testing and an in-depth evaluation of hydrazine decomposition as a function
of purity, temperature, material, surface conditions, etc,, are presented,

The most promising polymeric material candidates for propellant dia-
phragms and seals appeéat to have little effect on increasing hydrazine decom-
position rates, but the materials themselves do undetgo changes in physical

properties which can affect their 10-yr performance in multicycle applications,

The available data on these physical properties of elastomeric materials such
as EPT-10 and AF-E-332 as affected by exposure to hydrazine or related
environments is presented,

The data in this report provides a basis for the preliminary selection i
of propulsion system materials, The results of system and component long-
terni compatibility studies currently being conducted by the Air Fotce,
Martin-Marietta, JPL, and others plus the completion of studies recom-
mended in this report will enable the prediction of the 10-yr multicycle per-

formance of the selected materials,
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I, INTRODUCTION

,""‘ The objective of this repoyt is to summarize and assess the existing
information and data on materials compatibility with liydrazine menopropel-
lant as applied to the requiremients of Space Shuttle vehicle auxiliary propul-
sion systems, It is expected that these systéms will be capable of 10-yr/100-
mission operational lifetimes with minimum refurbishment, Allowing for
qualification and checkout procédures, a 10-yr/1000 total cycle lifetime was
fixed as the performance requirement for this study. It was assurned that

the temperatures of interest would span the normal liquid range of hydrazine
(+2 to +110°C),

SRt

The sources of infermation for this study included recently published
reports (Refs, 1-5), parts of which are included here as appendices, plus
contacts with agencies currently engaged in hydrazine compatibility studies
(Refs., 6-8) and a review of the work in progress at JPL (Refs, 8-13), In
much of the research ot hydrazine compatibility the times of testing were
two years or less and the tests were noncyclic or were limited to a few
cycles (except in the case of valve seals and seats),

It appears that cycile performanece of metals does not pose a special
design problemi, but the lon.-term life and properties of pslymeric materials
used for bladders or diaphragms subject to 1000 operating cycles over a
10-yr period are largely unknown, Therefore, recomniendations for an
experimental program in this technical area have been formulated,

JPL Technical Memo#andum 33-561 1




II, MATERIAL SELECTION AND RATING CRITERIA

Compatibility of metallic ahd nonmetallie materials with hydrazine ia
concerned with two principal phenomena: degradation of the material and
decomposition of the hydrazine., Other effects such as catalyst bad poisoning,
filter plugging, and propulsion performance degradation have not been exper-
fcnced as pacing or critical problema,

A, Metallic Materisls

In the case of matalys considered as candidate structural materials, the
controlling degradation phenomeneon has been hydrazine decomposition (Ref, 1),
This is normally manifested as gas evolution with a consequent system pres-
sure rise, In cases where metallic corrosion, pitting, or sludge formation
were excessive, the system pressure rigse usually exceeded acceptable limits
first (Ref, 14), Furthermore, in nmost cases where hydrazine decomposition
was significant, the decompesition rates appeared to be conttrolled by impur-
ity catalyzed reactions traceable to insufficient propellant purity or to clean-
ing and passivation techniques (Ref, 5).

For structuril applications in tanks, lines, and valves, the tliree
majet types of metallic materials selected have been the alloys of aluminum,
titaniun and atainless steels, All three have béen or are cutrrently gpecified
in flight-rated hydrazine systems including those for the Viking Lander and
Mariner series spacecraft (Refs, 8, 10, 11, and 15), The particular alloys
selected and thoseé for which there is the most complete compatibility data
include the aluiminum alloys 6061, 2014 and 2219, the titanium alloy 6A1-4V,
and the stainless steels 301, 304, and 321 (Appendix A), All of these alloys
when tested by immersion ih propellant grade hydrazine have exhibited niuch
less than 1 mil/yr surface érosion, Data on some of these materials (6061 -
T6Al, 2014-Al) is available for periods of 4 6r more years; other tests are
in progress (Refs, 6, 16) which will provide immersion data for periods of
up to 5 years and longer. Cryoform 301 stainless steel, which is a con-
trolled-chernistry, specially hardened form of SS 301, has proved very com-
patible with hydrazine in tank storage tests (Ref, 6) and in fracture rhech-
aniés tests at NASA-MSC,

The long-term rates of decomposition of hydrazine in contact with
metals 18 difficult to predict for many reasons, bit the curves in Fig, 1,
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which presents data from three sources, indicate that storage in certain
materiald is feasible for a 10~yr period at teruperatutas below 50°C, It may
be noted that Rocketdyne (Ref, 5 and Appeondix B) and SRI (Ref, 17) conducted
dacornposition testd at clevated temperatures for tlmes of less than 1 month
and extrapolated the reaction rates to lower temperatures, whereas the JPL
data point (Rei, 3) took 4 yoars to generate, This data demonstrates the
high scnsitivity of decomposition to storage tempeoratures (factor of 10 in
20°C), Sonsitivity to impuritics and other controlling parameters arc dis-
¢ussoed in Appendix B and will also be considerced hercin subsequently,

There is no data available indicating that those materials in contact
with hydrazine are subject to stress corrosion cracking, intergrahular cors~
rosion, or shock sensitivity, Fracture mechahics data is currently being
obtained on thrée alloys: titanium 6A1-4V (by Martin-Marietta), aluminum
6061-T6 (Boeing for JPL), and Stainless Cryoform 301 (NASA-MSC), Initial
results indicate that no special problems exists for long-term stress or
fatigue application of these metals,

A detailed discussion of the compatibility rating of a broad range of
metals under different conditions of propellant exposure is presented in -
Ref, 1, The "Hydrazine' séction of that report is included herein as
Appendix A, A further discussion of some of the conflicting compatibility
results Peported in Appendix A iz presetited in Section IV,

B. Nonmetallic Materials

The primary applications for nonrnetallic rnaterials in hydrazine pro-
pellaht 8y. ;ems are in expulgion systems as diaphragms or bladders and as
valve seats or seals, Although Teflon seems to be one of the mere compat-
ible materials for NZH4’ it is very permeable to NZH‘I ahd therefore is not
uséd as a diaphragm material but is used satisfactorily in O rings, The
types of elastomeric materials currently considered most suitable for hydra-
zine storage aré the EPR (ethyl aé propylene rubbers) and EPT (ethylene
propyléne terpolymer) compounds (Refs, 11, 13, and 15), The summary of
hydrazine compatibility data on these and other nonmétallics is presented in
Appendix A, which includes a discussion of the efféects of various fillers
uséd, The avallable physical property data on EPT-iv and similar materidls
currently being evaluated at JPL as a diaphragm material ig prégented in
Appendixes C and D,
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With regard to the use of elastometic materials as a diaphragm
material in contact with hydrazine over a period of 10 yr and subject to
1000 eyelasn, it is clear that available data has not established this capability
for any of the above candidate materials, Storage and system teats which
aro currently belng ¢onducted are concernod with 1- or 2-yr misaions and a
limited numiber of cycles,

Scction 1I-B-2 of Appendix A roports a NZH4 decomposition rate of
0,0038%/day (or 4% in 3 yr) in contact with EPR samples at 37, 8°C (110°F),
Lower values Have been achieved by a passivation treatment consisting of a
fairly long presoak in hydrazine, Quantitative data on rcal-time decompo-
sition rates applicable to 10-yr operation is not available,

In the Shuttle mission, however, pressure rise in 4 closed system
over a 10-yr period or chiange in the hydrazine composition over a several
yeatr period may not be problems because the system will be useéd, drained,
and refilled many times over the 10-yr period, Of greater concern will be
the fatigue life or cycling performance of the tank diaphyagm and posaibly
the effects of the permeability of hydrazine into the pressurant gas system
and components, Limited data is available on the effect of hydrazine contict
and immersion on physical propeérties of elastomers such as elorgation,
permeability, tensile strength, moedulus, compression set, stress relaxation,
fatigue, creep, swelling, etc, More is needed, and recommendations in this
area are discussed in Section VI,

Flastomeric valve seat materials evaluated by TRW (Ref, 18) and JPL
in multimillion cycle tests have included several Teflon and Kel-F compos-
ites and EPT compounds, Results have indicated that the TRW-developed
EPT compound designated AF-E-102 {8 one of the most satisfactory for
long -life valve seat application,
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I, PROPELLANT CHEMISTRY

A, Rasoarch on Hydrazine Decomposition

A major comprehensive investigation of the llquid phhse thermal
docomposition of hydrazine is roported in Ref, 5, A miajo¥ portion of this
report has been roproducced as Appendikx B he.cin for convonience, This
report answers many questions coneorning the relative effccts on hydrazine
docomposition of a large number of parameters, Testing was conducted in

' genled Pyrex ampoules with an internal volume of 1,0 ml filled with 0,3 ml
of liquid hydrazine, The amount of propellant decompositioh was calculated
by breaking the ampoules in a vacuum system and determining the amount of
nitrogen and hydregeh present,

The parameters investigated during this program &8 reperted in Ref, 3
(Appendix B) in¢luded the following:

(1) Fluids: propellant grade hydrazine, three batches; purified
hydrazine, two sources,

(2) Temperatures: 95 to 246°C,
(3) Times: 0,3 to 600 b,

(4) Pressure: vapor pressure to 4137 kN/m? (600 psi).
(5) Ampoule cleaning and passivation,

(6) Ullage volume,

(7) Amount of glass sutface, a
(8) Quartz vs Pyrex ampoules,

(9) Metal surfaces: 321 SS, 304 SS, 316 SS, 347 8S, Ni, Fe, Al,
Be, Hg, Chromel A, and copper,

(10) Cleaning atd passivation of rietals,

(11) Propellant impurities: H,0, NH, aniline, toluene, NH,Cl,
NaCl, Fe, carbazic ac¢id, etc,

(12) Propellant pretreatment dnd additives: acids, bases, resias,
oxides, etc,
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Because of the many cambinations of pararmeteras involved nad the
constralnts of the experimental technlques uscd, caution mudt be nsed invbhe
divect application of this Rocketdyne data tu the deslgn of a propuiainn ays -
tom and to the prediction of ita long-torm porforrnanco, Howevoer, deveral
impaortant conclusions applicable to aystem dosign may be drawn with rega-d
to irhportant parameters; antd thaso are diacuaned bolow under appropriate
headings,

l. Time and tomperature, Some 1000 separate éxperimonts were
¢onducted and scveral significant quantitative decomposition rate relation-
ships werc ¢stablishied with respect to time dand temperature. However, the
longest test time was 600 h and the lowest temperature employod was 95°C,
with most data taken at 128 or 171°C at times less than 200 h, The extrapo-
lation of decomposition rate data to lower temperatutes and longer times is
shown as an Arrhenius plot in Fig., 6 of Appendix B, In terms of 10-y¢
de¢omposiiion and for temperatures between 2 and 110°C, the Rocketdyne
data for S8 32) i8 plotted in Fig, 1 together with SRI (Ref, 17) and JPL (Ref,
3) data for hydrazine in Pyrex ampoules, Although the Rocketdyne duta
demionstrates the sensitivity of décomposition rates to guch paranieters as

impurities, surface-to-volume ratios, and ullige volumes, consistent quan-
titive relationships could riot be defined, It is encouraging, therefore, that
the comparison in Fig, 1 between 4-yr data in 40 ce of hydrazine compates
favorably with 100-h data on 0, 3 ec of hydrazine,

2, Propellant putity, The composition of propellant grade hydrazine
is descibed by MIL«P-26536 C (Ref, 19) in terms of hydrazine, water, and
particulate as follows:

N2H4 — 98% minimuin by weight,
HZO - 1, 5% maximum by weight,
Particulate — 10 mg/1 (maximumy),

This specification does not define limits on 8pecific impurities which
have been identified in propellant grade hydrazine (Ref, 5) such as ammonia,
aniling, toluene, iton, and carbazic acid (reaction product of N2H4 a COZ).
eved though the impurities in the hydraziné (at the ppm level) or in the pro-
péllant system hardwaré caudé the compatibility problems, This specification
is currently under réview by the Air Force and i8 subject to modification in

accordance with uder réquirements,

JPL Technical Memorandum 33-561
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Rocketdyne conducted teats with hoth propellant-grade hydrazine and
hydvazine purified by two techniques, In Pyrex, the high-temperatube sta-
bility of hydrazine was {improved by purification approximately an order of
magnitude, Howover, it is not clenr {rom the ¢chemdical analyais of the puri-

{ied hydrazino (Appendix B, Table 3) which ciitical tmpurities wore femoved,

Purificd hydrazine still contained >0, 2% HzO plus NH,, aniline, and toluene,
Furthermore, the rato of purified hydrazine decomposition in contact with
321 stainloss stcol (Appendix B, Fig, 8) after 100 h appusnached that for pro-
pellant grado hydrazine, This may possibly be rolated to the l-aehing of
iron, chromium, and nlckel into the purified hydrazine as demonstrated by
{mmergion tests with radloactive 304 stainless steel (Fig. 2). In these foil
immersion tests, the concentrations of radioactive FFe and Cr in the hydra-
zine approached 40 ppin in 100 days,

The Rocketdyne studies indicute the sensitivity of decomposition to Fe,
but no quantitive relationship could be eatablished, In view of the fact tha:
I’é ean be leached into N2H4 from beth atainless steel and titanium alloys,

the long-term advantage of using purified hydrazine to decrease decomposition

may be negligible,

The effects of specifically adding various amounts o. «' :noaia, watet,
aniline, and toluene to purified hydrazihe were investigated :.nd the change in
décomposition riate was recorded, but a consistent quantitative relationship
could not be established,

From the standpoint of long-term system operations, the possible
contamination of the hydrazine or the propulsion system by salt (Nacl) oz
Balt water {8 of interest, and * was investigated by Rocketdyne, They con-
cluded that NaCl contamination in the amounts investigated would not be
detrimental,

The effect of acidic ¢ontamination, however, was critiecal, as shown
by the addition of carbagic acid, HCl, and animonium chloride, Because
CO, reacts rapidly with hydrazine to form earbazic acid, the carbazic aéid
could come from the contact of hydiazine with air, It cah be ¢alculated,
however, that hydtasine rmust c¢ofitact considerable amountd of air to aceums-
ulate appfeciable quantities of carbazic acid because sea level air contains
approkimately only 315 ppm COZ.
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The decompasition rate of purified hydrazine at 128°C in Pyrex
ampoules did not i . 2ase with 0, 12% carbasic acid added, but in the pres-
ence of 321 stainless stecl the rate increased 1000 times, Similar cffects
were vecorded for HCY and NH4C1 additions,

Although the range of conditions affecting hydrazine stability covered
by Rocketdyne was large, many anomalous data points suggest that all eritical
parameters were not defined but only touched upon, THhis i8 suggested by
several quotes from the report (Appendix B):

. (1) Page 67: "It is possible, of course, that the increase in rate
) which does occur results from impurities in the distilled water
rather than from the water itself, "

(2) Page 19: "The results of this investigation indicate that the
thermal stability of propellant-grade hydrazine is determined by
trace impurities which are present at concentrations near or
below their detection limit, "

(3)  Page 33: "The average decomposition rate {for purified N2H4) in
preépassivated ampeules was about 60 percent higher than in un-
if.-> passivated ampoules --- propellant-grade hydrazine was em-
ployed in the passivation process, and is an indication that cer-
tain trace impurities may be rate controlling, "

Until further specific data is available, it should be concluded that
material compatibility ratings are not improved by using purified hydrazine,

B, Residue Formatien

Hydrazine in contact with various metals and nonmetals leaches out
contaminants which potentially could cause the formation of filter or valve
clogging material, An investigation of this problem is reported by TRW in
Ref, 20, The propellant-grade hydrazitde was analyzed for dissolved metal
content, selected anions and nonvolatile residue, Metal content analysis
indicated tracer of Fe, Al, Ni, Mn, Co, Cr, Cu, and Zn present at levels |
below 20 ppm, «f

It was established that various forms of residué could be formed by
the addition of sutficient metal salts, but such high levels would only be
experienced when uther forms of dégradation would bé excessive, i. e, R
decomiposition of co¥rosion,

8 JPL Téchnical Memsrandum 33-561




Two cases of filter and Mne clogging in Intels..; and Mariner hardware
were fuveatigated (Ref, 20), and the soureces of contamination were traced to
graase, oll, or elastomeric contamination in one cage and, in the second
case, to trapped metal and metal oxides resulting from the valve fabrication
process,

It has been obderved (at JPL) that when EPT-10 ¢lastomer i8 irmmersed
in hydrazine, some of the Silenc D (precipitate silica) is leached out of the
rubber and is visible as a white particulate matter floating on the liquid, As

i a result, a hydrazine ptresoak passivation treatnient is now used on EPT-10
S in actual applications by Pressure Systems, Iie,, Los Angeles, Calif,

A potential source of catalyst bed poisoning appears to be the depositing
out of Fe on the catalytie surfaces during long periods of hydrazine flow,
This effect was noted (reported verbally} by Boeing during #tudies with radio-
active Fe ions in hydrazine, Apparently a menolayer of radioactive Fe was
detected as a deposit on filter elements, A quantitative assessment of the
seriousness of this phenomenon has yet to be determined,

C. Galvanic Corrosion

Metallic corrosion due to dissimilar rmetals in contact with hydrazine
would appear to be a potential problem. JPL has bimetallic test coupon
samples currently in long-term immersion tests in hydrazine at 43, 3°C
(110°F). These specimens include such combinations as 347 SS/6061-T6 Al,
347 S5/304 SS, 6A1-4V-Ti/303 SS, and 6061-T6/6A1-4V-Ti. In system hard-
ware tests in which an aluminum or titanium tank is8 in contact with stainless .
steél lines, no problem has beén demonstrated, However, corrosion was h
found (by JPL) on anh aluminum sealﬂused in a stainless steel line fitting,

D, Adiabatic Compression

The therimal stability of hydrazine vapor compreéssed adiabatically I
such as might be experienced in suddenly pressurizing propellant lines of /
different materials waé reported by Aerojet (Ref, 21), The éxperimental ‘
results indicated that hydrazine is sensitive to adiabatic compression to o
13,79 MN/m2 (2000 pei) at initial temperatures between 93, 3 to 103,3°C
(200 to 218°F) in 304L, 316, 321 and 347 stainless steels, Hastelloy-x, and
Haynes-25, at 54.4°C (130°F) in Inconel-x and 17-7PH, and below 37,8°C
(100 °F) in alumintim alloys, The interpretation of these results with
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weference to a specific application must he done tautiously since other ays-
tem factors would influence the compression effeéts such as surface-to-
volume ratios; flow rates, heat transfer, etc,

IV, CLEANING AND PASSIVATION

Cleaning and passivation of materials and components for hydrazine
usc involves the removal of dirt, grease, scale and foreign matter from
surfaces as well as the development of a passive surface which is least

reactive with the liquid propellant, There are a variety of cleaning agents,
solvents, and descaling processes which are called out in available JPL
cleaning specifications such as GPM-20068-GEN-A (1963), GMZ-50521-
GEN-A (1966), and FS+504574-A ag well as various processes specified in
documents prepared by each of several agenciés and companies for their own
use plus those prepared ag ASTM standards (Ref, 22).

A review of {he literature and conversations with people in various
companies indicate that most cleaning processes are satisfactory when the
cleaning is doné¢ as specified ard the cleahing agents aré completely removed

and the parts dried adequately, However, there are several areas of special
concern whete problems have been éncountered and may affect the prepara-
tion of future specifications for cleaning, passgivation, assembly, flushing,
handling, storage and inspection., A potential problem hag beéen noted in that
buffed surfaces tend to trap surface impurities by the flow of the ductile
metal (smearing).

A. Methanol Corrosion of Titanium

A large body of data exists (Ref, 23, 24) on the attack of titanium by
methanol undet various conditions, Since methanol i8 such a common sol-
vent, care must bé éxerciged to prevent itg ihadvertent contact with titanium
during the life of the system,

B, Freon as a System Contaminant

Freon TF was used to rinse Pyrex capsulés in which hydrazine immer-
sion tests of titanium 6A1-4V spécimeéns were conducted (Ref, 2), Residual
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Freon reacted with the hydrazine, ylelding NZH4HCI, which resulted in
oxcesdive N,H, decomposition and scvere corrosion of the titanium, Sepa-
rate provious tedts of titanium in Freon TF alone and with added €1 {ndicated
no reaction or stresé corrosion cracking of the titanium specimens (Ref, 25),

C.  Effective Stainless Stecl Passivation

The cffect of surface treatment of 347 SS on the decompesition rate of
hydragine at 128°C is reported in Table 10 of Appendix B, Reduced decom-
/ position rates were achieved by a 24-h hydrazine passivation treatment,
However, a further decrease in decomposition rate by a factor of 4 was
achieved when the 347 SS specimens which had been tested by immersion at
128°C in hydrazine for 64 h were cleaned and retested in hydrazinhe,

In tests by the Air Force (Refs, 6, 26) with hydrazine storage tanks of
various metals, the tanks of 17-7 PH and AM 350 stainless steéels experienced
some pressure rise during the initial pertion of the test, However, the test

“ program was interrupted after 10 months for facility modification, ahd when
the same tanks were refilled with hydrazine and returned to test, the pres-
gure risés were remarkably lower and all tanks appeared more compatible,

Stainless steel is particularly susceptible to attack by the carbazic
acid formed by the reaction of C()2 with NZH . Apparently if air eontact can
be avoided and adequate passivation achieved, then long-term storage of ‘ ‘
N2H4 in contact with a number of stainless-steél alloys is feasible, Specifi-

cations for "adequate passivation' have not yet been defined.

D, Flushing and Empty System Storage : A

This 18 also an area where adequate standards have not been established,
Closed systems which have contained hydrazine (test tanks, etc,)} and have
been subsequertly drained and flushed with water and stored for some time
have shown signs of corrosion and release of arnhionia (Refs, 9, 10),

It is possible that srmall amounts of résidual hydrazine remaiding after
draining a systemt may dec6mpose more readily ifi excess afhounts of water
or moist aii, ylelding corrosive compounds including moist airimonia gas
which attacks aluiriinum,

T

LN o

23
s

=,

Elastomers such as EPT-10 used as tank bladders or diaphragms ab-
gorb hydrazine, which then ternainsg ir \he EPT-10 after the system is
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drained
found to

and dried, Subdequent exposure of the EPT-10 to air has been
caust the formatioh of carbazic acid on the rubber surface,

E, Pretreatment of EPT-10 Elastomet

A

presoak treatment of EPT-10 has been developed and is now used by

Pressure Systems Inc,, the EPT-10 vendor, to reduce the leaching of Silene
D and sulphur from the EPT-10 into the hydrazine during usc, The pretreat-
ment includes a 168+h continuous soak in hydrazine followed by water and
Basic H rinscs and soaking in water and vacuum drying,

As
(1)

(2)

(3)

(4)

e - e it

V., CONCLUSIONS

a result of this study the following conclusions have been reached:

A number of commercial metal alloys of aluminum, titanium and
stainless steels can be used in hydraziné systems for lorg-term

storage and cyclic flow applications,

There is no indication from available published data that metals
in contact with propellant-grade hydrazine are subject to stress
corrosion eracking, intergranular corrosgion, embrittlement,
shock sensitivity, of similar modes eof degradation unless the
hydrazite decomposition rate itself is excessive,

The optimum cleaning and surfacc passivaiion techniques for
long-life multiple-use systems have net beén developed yet,
Experience and isolated data indieate that hydrazite in contact
with well-cleaned atainless steels develops inereasingly passive
gurfaces. Even data on hydrazine in contact with coppet iidi-
cates a passive surface can be developed on this nominally ihcomni-
patible metal,

Cleaning and passivation criteria should bé extended to include
control of the hydrazine systém environment all through its
anticipated lifetime, Inadvértént éxposure of hydraziné system
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internal surfaces to halogenated solvents, exeesgsive air and
molsture, ete,, should he provided for in apprepriate specifica-
tions,

(5)  Very limited data is available on the problem of valve perfor-
mance degradation, filter plugging, or catalyst bed poisoning
over long lifetimes, Nearly all documented problems have been
traced to grogs contamination anomalies rather than the accumu-
lation of trace contaminants in nominally compatible systems.

(6) The most promising elastomers for use in contact with hydrazine
as a propellant tank diaphragm material or in sealing applications
are the EPR or EPT compounds, These have been judged satis-
factory for 1- or 2-yr mission applications with limited eycling
requirements. Their long-life cyclie performance and properties
in contac¢t with & hydrazine systemn environment have not been
edtablished, T

Vi, RECOMMENDATIONS

The following recomimendations are made:

(1) Contirue the development of temperature -time decomposition
rite data for candidate metals and elastomers over significant
lengths of timeé, Such data is curreéntly being generated at JPL
for some 400 metallic and nonmetallic specimens in hydrazine at L
temperatures of 43, 3 and 71°C (110 and 160°F) including testing
with purified hydrazine, T

(2) Establish the long-term physical propérty characteristics of
candidate elastomeric materials such a8 EPT-10 and AF-E-332
a8 applicable to multiéycle use over a 10-yr period exposed to
hydrazing, presstrants, c¢leaning fluids, and storage environ-
ments, The development of -he elastotiier "'property surface"
which related stress, strain, time, and temperatire provides a
useful tool for predicting the creep, fatigue and stress relaxation
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(3)

behavior of polymers, Using appropriate test techniques, 4
time conmipression factor can be established which for typical
elastomers can provide a basid for predicting 10-yr fatigue per-
formahce from data gathered ever a poriod of a few weeks,
Additional properties required for eclastomers in contact with
hydrazine include streugth, modulus, clongation, biaxial stress
response, permaability, swelling, and comptession set, The
variation in these propertics with timic, temperaturc, pregoak
tredatinents, environment, and dimensions needs evaluation,

Develop and standardize suitable eleaning, passivation, inspec-
tion, and storage proceéss specifications, Sore of these eriteria
are being evolved in the Mariner, Viking, and P-95 (Air Forece)
programs but do not take into account the cyclic and multimission
requirements of the Shuttle vehicle,

Perform and analyze storige and cycling tests of prototype sys-
tems at elevated temperatures (50 to 100°C) over significant time
periods (2 yr or moré) to evaluate engine performance, catalyst
bed poisoning, valve leakage, filter plugging, diaphragm flex
life, diaphragm permeability, etc,

REFERENCES

Uney, P, E,, and Fester, D, A,, Material Comipatibility.

Corp.,

Salvinski, R, J,, Advanced Valye Teelinole

Sterable Propellants, Design Guidebook

, MCR-72:26,
2 v, 1972,

Dehver Div, , Denver, Colo,,

Volume II, Materials

Compatibility and Tiquid Propellant Study; Interiri Report 06641-6014-
RO00, TRW Systems Group, Redondo Beach, Calif,, Nov, 1967,

Muraca, R, F., aiid Whittick, J. S,; The Results of Long-Tefin Storage
Tests for Camp atibilities of Spacecraft Materials with Hydrazine and
Hydrazine Mixtires, 915581-6 (JPL Gohtract 951 581); Stanford
Research Institute, Mernlo Park, Calif,, Oct, 1967,

JPL Techiiical Memorandiitn 33-561




10,

11,

12,

13,

14,

15,

JPL Technical Membtrandum 33-561 15

REFERENCES (contd)

Compatibility of Matorials with Rocket Propellants and Oxidizers,
DMIC Memorandum 201, Battelle Memorial Institute, Columbus,
Ohio, Jan, 1968,

Axworthy, A, E,, ot al,, Research on Hydrazing Deconipesition,

Final Report, AFRPL-TR-09-146, Roeketdyne, North Amorican-
Rockwell, Canoga Park, Calif,, July 1969,

White, H, M,, Long-Termi Storability of Prope¢llant Tankage, Technical
Report AFRPL-TR-71-20, Edwards, Calif,, Mar, 1971,

Green, R, L,, and O'Brien, J, R,, Advanced Techniques for Deter-
mining Long-Term Comgatibilitx of Materials with Propellants,
Interim Report D180-14839-1, The Boeing Co,, R&E Div, , Seattle, e

Wash, , June 1972,

Hagler, R,, "JPL Internal Report of Visit to Hughes Tool El Segundo
on Intelsat IV Propulsion Systém,' Internal Report.384FS-70-194,
Jet Propulsion Laboratory, Pasadena, Calif,, Apr, 9, 1970,

Porter, R, N,, et al,, Storage Tests of Nitrogen Tetroxide and Hydra-
zing in Alv ainum Containers, Technical Report 32-1039, Jet Propul-

gion Laboratory, Pasadena, Calif,, Jan, 15, 1967,

Puhillips, D, U,, "Aluminim Component Corrosion," Interoffice
Mémorandum 384-MVM-71-456, Jet Propdlsion Laberatory, Pasadens,
Calif., May 25, 1971,

Stanford, H, B., and Porter, R, N,, Propellant Expulsion in Unmaunned
Spacécraft, Teéchnical Report 32-899, Jet Propulsion Laboratory,
Piasadena, Calif,, July 1, 1966,

Guddihy, E, F,, Solvent-Stregs-Cracking and Fatigue Properties of
Liquid=-Propellant Expulsion Teflon Bladders, Technical Réport 32-1535, . h
et Propulsion Laboratory, Pasadetia, Calif,, Aug, 1, 1971, '

Keller, O, F,, and Toth, L, R,, ALPS Generant Tank and Cell Assembly,
Technical Report 32-865, Jet Propulsion Laberatory, Pasadena, Calif,,
Feb, 28, 1966,

Tolberg, W. E,, Rewick, R, T,, and Dolder, M, P,, Cheritjcal ahd |
Metallurgical Analysis of 6A1-4V Titanium Test Specitnens Exposed to
Hydrazine

N3H4) Liquid Propellant, SRI Report 951581-11, Stanford
ﬁesearchlmtituét‘—igf‘““ﬁ'%e. enlo Park, Calif,, Apr, 15, 1971,

Repar, J,, Flight and Experirnental Expulsion Bladders for Mariner 69, - yhnd
APCO 6935-2010 (SE), APCO Accessoty Products Cornpany, Whittier,
Galif, , July 1969,




16

16,

17,

18,

19‘

20,

21,

22,

25,

26,

REFERENCES (contd)

Toth, L. R,, and Keller, O, F,, "Material Compatibility," in
Supperting Rescarch and Advanced Development, Space Programs
Summary 37-60, Vol, 111, Jet Propulaion Laboratory, Pasadena,
Calif,, Dec, 31, 1969, p. 211,

Ross, D, S,, Hendry, D, G,, and Kirshen, N, A,, Study of the Basic
Kinetics of Docomposition of MMH and MHI and the ¥ffects of Impuritics

on Theily Stability, AFRPL-TR-71-114, Stanford Research Institute,
Mcnlo Park, Calif,, Sep. 15, 1971,

Martin, J, W., and Jones, J. F,, Elastomeric Valve Seat Materials
for Hydrazino Propulsion Systems, AFML-TR-70-200, TRW Systems
Group, Redondo Beach, Calif,, Dec., 1970,

Military Speeification Propellant, Hydrazine, MIL-P-26536C, USGPO,
Washington, D, C,, May 23, 1969,

Salvinski, R, J., Investigation of the Formation and Behavior of
Clogging Materialin Larth and Space Storable Propellantg, Interim
Report 08113-6016-R000, TRW Systems, Redondo Beach, Calif,,
Oct, 1968,

Vander Wall, E, M., Suder, J, K., Beegle, R, L,, and Gabeal, J, A,,
Propellant/Material Compatibility Study, Techhical Report AFRPL-TR-
71-741, Aerojet Liquid Rocket Co,, Aerojet-General Corp,,
Sacramento, Calif,, December, 1971,

Heinz, M. H., and Orton, G, F,, "Effects of Heat Sterilization and
Chemical Decontamination on Hydrazine Propulsion Systems for
Planetary Landers (U)," Proceedings of the 10th Liquid Propulsion
Sympogium (U), Las Vegas, Nevada, Nev, 19-21, 1968 (Confidential).

Coxrosion of Titanium, DMIC Memeorandum 218, Battelle Memorial
Institute, Columibus, Ohio, Sep. 1966,

Accelerated Craek Prapagation of Titaniim by Methanol, Hologenated
Hydrocarbons, and Other Solytions, DMIC Metnorandum 228,
Battelle Memorial institute, €olumbus, Ohio, Mar, 1967,

Kamber, K, T., Kendal, E, G,, and Sehieler, L., Stress and Chemical
Corrpsion of Titanium Alloy in Freeh Enviroument, TR=0158 (3250-10)-5,
Air Force Report SAMSO-TR-67-62, Aerbspace Corp,, El Segundo,
Calif, , 1967.

Mears, R, B,, Long-Terni Storability of Propellant Tankage and

Compoiients, Inferim Report 1, AFRPL-TR-70-43, Edwards, Galif,,
May 1970,

JPL Techiical Metiorardim 33-561




EXPERIMENTAL OATA
(Rer, §)
102 , -

%Y

EXPERIMENTAL DATA
(REF, 17)

§ |
2 |o"-—-—-—i—-;..4£_%.--m ) —
g /' / I
é e onle /|1
?ieyr'.oe?m/ | , TOTAL% IN
/ | lO-yr
107¢ -=01% —]
/ 1
/ | {
/ | ==0.0%) \
/
. } ] | Fig. 1., Decomposition of prépel-
10° , lant-grade hydrazine in
0
©2) (f?z) (;?g) &82, (222, (5.?2, Pyrex or esmpatible -
TEMPERATURE, °C (°F) container vs temperature
102 " T =171 T | R T T
X N-2H4 o h
| SURFACE/VOLUME = 0.394 cn™ (1 1n. ™) ] - \
304 STAINLESS STEEL T
o
- —a 4 .
O~==0 Feo
10! |
BT -
;| . w
g 100 :
d - 4
¥ | // .
(2]
107! 9
[ / ] N
! d b '
ig, 2, Concentration of metal i k.
leached into hydrazine ’ i
ffom hﬁme I‘Sed fadio- |°"2 3 ! SO | . el [ IR S Y ’ (A“
active speéimen 10° o ) o
TIME, days
JPL Technical Memoranduini 33-561 17




APPENDIX A
SUMMARY OF MATERIAL COMPATIBILITY WITH HYDRAZINE

The material presented in this appendix is a partial reprinting of
Martin-Marietta Report MCR=72-26, Martin-Marietta Corp,, Denver, Colo,,
Mar, 1972,
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I MYBMZINE (NH,)
A, COMPATIRLLITY SUMMARY

The compatibility of both tetals and nonemetals with neat Nzﬂ& 18 summariead
{n Table 1, as dotormined by intorpreting available cempatibility Lnformation,
Spocific roferonces uaed in thig datepmination are 1istod {n the table, Compati-
bility of a materiel with Nzﬂa was based 6n tho eritoria that the waterial be
adsentially unaffected by N2H4 exposure (nepligible corrosivn for wetals and
negligible loes of physical properties fur non-metais) and that it should not
significantly affect the rate of NZH“ decomposition, Listing of a waterial {i
the table was based, in general, on the existeénce of specific compatibility
data for that material with N2RA' however, certain materials werce incladed
even though no such date were available, A compatibility rating for such a case
was determined by use of either compatibility data with & sister materisl
(similar alloy) or a sister propellant (MMH or a hydragine-blerd fuel), 1In
gome Lnstances, two compatibility rstings were assigned to the same material
due to conflietirig data, Also, where compatibility was determined for a
speeifie use, this is indicated in the remarks sectfon of the table,
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8, GENERAL DISCUSSION

Hydrazine is a highly reactive and toxie propellant, It is coneidered
thermodynamically unstable and éxiets in a state of continudus decompdsition,
The decomposition rate is & function of both temperature and the presence of
a catalyst. At ambient temperatures (a70°F) and in the absence of & cata-
lyst, the avérage decomposition rate of N2H“ {s minimal, The attack of
gtoragé materials Ls usually considered a problem only for non-metals siice
practically all matals show excelient corrosioh reststance to neat Nzﬂa.
However, “2“4 has become corrosive to metals when certain tontaminants, such
as coz and 012 Have been added. Therefors, for long texm storage of uncon=
taminated NZH&‘ the major concern 48 the degree that the metsl being eonsidered
dccelerates the N2HA dacomposition rate. For long term storage with non-metals,
both catalytic and material attack must be censidered,

1., Compatibility with Metals

According to Eberstein and Glassman the decomprsition rate of N234 tends
to increase wheit the Niﬁa 18 it contact with metals having incomplete d=gubshells
(Ref 1), This is due te the relatively weak nitrogen to nitrogen bond in the
Nzﬂa nolecule, Eberstein and Glasaman state that metals in the atomié numibar
groups 24 to 29, 42 to 47, and 74 to 79 (transition metals with incomplete
d-subshells) would act as catalysts for hydrazine decompoSition., Sonie metals
which fall into this category are nickel, chromium, iron, molybdenum, copper,
gold, platinum, eiflver and manganese. Aluminum, titanium, magnesium and zine
£411 outside this group. From this, stainless steel would appear unaceceptable
for N2R4 storage, while 6061 aluminum, 2219 aluminum, and 6A1-4V titanium
would seem adceptable,

Tests ¢onducted by Rocketdyne confirm the compatibility of NpH, with
Righ-purity aluriinum but ulso indicate that some stainless steels miglit be
compatible (Ref 2). The testing was conducted at 338°F with 1iquid propellant-
grade Nz“&,*h edntact with highwpurity iron, nickel, and aluminum, and 304,

316, 321, and 347 etdinless stesls, All metal surfaces were cleaned with
concentrated hitric aeid pricr to immersion in the Pyrex glass containevs.

JPL Technical Memnorandum 33-561

23




Contatners with no metal sample served as controls,. Decomposition rates
compared to those with glase were greater by about 200 times. with nickel,
130 timos with 316 statnless steel, 100 times with L2én, 40 times with 347
stainleas stedl, but enly 10 times with 304 and 321 staiiilesa dteels, 7The
decompogition vate with the aluminum was the sané as the ¢ontrol samples.
8ince theso tests wure ¢onductdd at elevatéd témperature, the decomposition
rates observed are considerably higher than would be expected under normal
storage conditions (as70°F)%, It would seem, thereford, that 304 and 321
stainlesds steels might be eandidates. for lang térm storage of NH,.

Baged on compatibility tests perfokmed over the pdet decadé at Martin
Marietta, Caudill and O'Brien (Ref 3 ) state that ehemically elean 304 and
321 stainless steals are compatible with NZHA at temperatures below 120%8,
However, both aleo state that aluminum or titanium alloye are better gtorage
materials since they exhibited cenpdtibility even at 275°F,

TRW and DMIC issued survey reports on material compatibility which
included recemmendaticns. for &2HA (kef 4 and 5 ), For these réports, a.
métal was considered appllcable for long term seérvice with NH, 1f it had &
corrosion rate less than one mil/yr, would not premote N2H4 decomposition,
and was not considered shock sensitive when in colitact with NyH,. Compatidility
recommendations for long térm storage with N2H4' at temperatures betow ?S°F.
are presented in Tables 2 and 3 , As can bé seen by the reeommendations, a
great number of stainiass steels, a8 well as such métals as gold, platinum,
silver, nickel alloys. and chromium, are considerded compatible with NZHA. This
18 in dirveéct oppesition to the Eberstein and Glaseman thedry of “2“4 decomposi«
tion eincé these metals £all inte the atomic number groups considered to be
catalytic,

* Many compatibility evaluatioms are conducted at elevated temperatures to
accentuate the effects of reactions which may be oceurring, This appressh
generally ihc¢reases the reaction rates to provide comparative results in a
ghorter time, 4.a.,, the relative degree to which various materials act as
catalyste for the propéllant of interest: is more readily obtained,

24
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Table 2 Metuls Compatible with NzH‘* (Ref 4 ahd %)

These rankings are not completely consistant with Table 1, Appendix A

Aluminun Alloyé Staintless Steels Miscellanaous Metals
* 1100 410 Chromel=A
" 2014 416 Chromium Plating
L 2017 430 Gold
E 2024 440C Hastelley-C
x 3004 302 Inconel
- 4043 304 Inconsl-X ;
- 5052 318 K=Monel
5456 317 Monel
6061 an Nichrome Braze
6066 347 Platinun:
716 17-4 PH $ilver
356 17-7 BH Stiver Solder
408 AM 350 Stellite-21 -
AM 335 Tantalum
Tin o
Titanium, 5A1-2,58n =
Titanium, 6Al-4V .
Zitconium \ '

Table 3 Metals Incompatible with N,H, (Re£ & and § )

Cadmium Zinc Ivon® e
cobalt Brass* Molybdenums _ / \ y
Lead Bronge® Mild Steel® R
Maghesium Copperw 6Al-4Y Tiwk

*The authors stated that these metals wera considered unacceptable because their
Oxidés act as catalysts for deconposition of hydrazine at elevated temperatures.

¥Based on one reference showing excessive decomposition at 110%F with 50/50

N, /D,
5
i
s ok
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Giving furthes nuppo!é to the hypothends that certsin gtainleds steels
ave compatible with N2HA' but disagraeing with certain of the recommendatiens
made by DMIC and TRW, is preliminary data on “z“a storage presented BY Branigan
of the Air Force Rocket Bropulsien Laberatery (Raf 6 )¢ Based on a storage
pariod of 17 months at & temperature of appreximately 110°¢, AFRPL found no
pressure riges (indication of “2“a decompositioa) in gtorage tdnks congtructed
of 301 ecryoformed and A-286 stainless gteels} 18% nickel-maraging 200 stesly
2014-T62, and 2021-T81 aluminumsi and 6AL~4V titanium, Pressure rises were
observed in storage tanks constructed of AM=330 and 17-7P1 stainless steels.

1n tests run at the Naval Weapons Centex, the compatibility of different
tankageé materials with varieus .hydragine fuels, including neat “2“&’ was
{nvestigated (Ref 7). Smaltl 5,3~cu=4in, storage containare weré gabricated of
447 stainless pteel, 2014-T6 Al, and 1100-0 Al, After £411ing approximately
halg~full with Nzﬂh’ tha containers were gtored for &4 weeks at 100‘? and then
for 48 weeks at 165°F, The results ghowed about the game rate of préssuré
increasé fox the aluminum containecs, while the pressure risa rates in the
447 stainless gteal contaiiers were from three to four timgs those with
eluminum, These results indicate that 347 stainless steel is probably not &
good material for long term storagé of NZHA and that aluminum is & preférable
material.

More date, indicating the catalytie nature of stainless steels with Nzﬁé,
is reported by the United Atrcraft Regearch Laboratories, UARL, (Ref 8 )+
Using & technique whiech fiegsuted gas evolution rates at constant temperature
and pressure, UARL tested vatious metal samples for eompatibility with ﬂza&.
The samples consisted of small #peimens of AM=355 stainlese gteel, 304 stain-
1ess steel, and 6Al-4V titarium, The tests weré run at both 160°F and 120°¥,
except for the 304 stainless.steel which was run at 160°F only. Test pressure
was 1 atmosphere: Priox to immersion in the Nzﬂa. the samples were polished,
cleaned with tttchloroethylonc. detergent, and acetone in an ultrasonic
cleaner, and thei deied in GN,. For the 120°F tests, the AM-353 gamples gave
a gas evolution geta 5 times that of the “2“4 control sample, while the
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6AL=4V titanium spacihen geve a rate oaly L times that of thé control ssmple,
For the 160‘? tedts, however, the AM=355 specimen had a gas evolution rate 17
timés the control samples riate, the 304 specimen rate was SO tines grestér than
the control sample rate, and the 6AL-4V titanium spécimen had che sawe gas
evolution rate as that of the sontrol sample., Thes¢ data indicate that the
catalytic effect on N H, 18 £4v greater with 304 and AM=33%5 atainiess steels
than it is with 6ALl-4V titanium, In fact, the titanium material may exert

no catalytic effect,

Gold; nickel, and 82/18 wt % gold/nickel braming alloy were found to be
incompatible with Nzu6 in tests conducted at AFRPL (Ref 9 ). Samples of the
materials were immerséd for up to 24 hr in test capsules f£illed with Nzua
matntatned at 140°F. Decomposition of the N234 vas determinéd by measuring
the number of toles of NHa formed, The capsules containing the samples
showed excessive Nn3 production, Thus, these results are also in agreement
with the theory of Ebexstein and Glassman,

Although corrosion of muterials is geterally not considéred to be a. problem
with Nzﬁh_etorago. it haa been found that N;H, contaninated with either ¢o, or
012 will corvode certein metals., TRW féund that Nhﬁh doped with Cbz and ﬂzo
is corrosive to stainless steels (Ref 10). The tests consisted of using both
artificially conditioned and normal hydrasgine in contact with various metal
sampled to check compatibility., Two specimefis of 6061-T6 aluminum, GAL-4V
titanium, and 347 stainless stéel were placed in contact with hydrazine condi-
tioned with approximately 1% Miny 1% cd, and 37 Hy0. A third speeimen of each
material was placed in contact with the refevence hydrazine. Half of each
specimen was covered with 1iquid, and the other half was exposed to the vapor
above the 1iquid.. Class cepaules were employed as test containers. All samples
were thoroughly cleaned but not passivated prior to testing, The 347 stainless
steel samples were also honed with aluminum grit, The tests were conducted at
120°F with temperature and pressure monitorved at regular intervals. Almost
fumediately after test initiation, the two 347 stainless samples showed signs
of reactivity, énd venting at vegular intervals was required te protéct the
capsules and pressure gages.
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After 166 hi, the conditioned hydrasine in contast with the 347 stainless
samplos had tutned red in color and @ crystaliine solid was deposited on both
specimens and in the bottom of the tubes, Due to this build-up of the
orystalline solid, the tests were terminated aftov 188 hr of testing. The
stainleas dteel specimens were g¢émoved from their test cdpsules, cleaned,
and examined, Exténsive pitting wes found ovér the entire surface of the
sanples, Analysis of the hydrapiné liquid revealed large amounts of chromium,
nickel. and iren in solution. After five months of storage at 120°F and an
additional month at cmbient temperature, there weré wo appavent signs of
gpecimén couvresion or propellant discoloration with the aluminum and titanium
gamples.

The results obtained by TRi canm probably be explained by work doné at
Rocket Research where 303 and 304 stainless steel £4ttings were eéxposed to
hydragine samplés under different atmospheres (Ref 11). Three series of teste
were conducted with duplicate samples of both 303. and 304 f£ittings used in éach
geites, In. the first lest sexies, the samples.wevre 4mmersed. in hydrazine using
a nitrogen atmospheke, In the second test sexies, the. #amples. were immersed.
in hydragine under a nitrogen-carbon dioxide atmosphere (97% “2’ 3% Gez). In
the third test series, & 97% hydragine-37% water mixture was used in conjunction
with a 97% ﬁ2-3% Cez atmosphere, The six 303 and six 304 stainless steel.
gittings were ¢léaned by guceesgive immersions in t¥lchlorethylene, water, and
methanol and watex. This was gollowed by a three minute soak in propellant
grade hydrazine, thoreugh rinsing with distilled water, and drying at 230°F for
one hour. Glass sample jars, previously cleaned with detergent, rinsed with
distilled watex, and oven dried were used to hold the samples, The fittings
were placed in these jazs and 75 ml of hydrasine or hydragine-water mixtuxe
were added (sufficient to coveér the £ittings) while either a nitrogen or &
nitregen~carbon dioxide purge was maintained to exclude elr. The jar mouth
was covered with 2-mil polyethylene #41m before capping and sealing with vinyl
tape, The sealed bottles were then maintained at 16Qi59P for 11 days. The
significant result from these tests was the deterioration of both the f£ittings
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and- the hydrazine in contaet with the nitrogen~carbon dioxide atmosphere,

In addition to the dulling of fittings and discoloration of the hydrazine, tho
hydrazine (or hydvazine-watér mix) became f£1lled with gas bubbles which developed
into a frothy scum in some instances. Since the edrrosien of the £ittingd and
the decompogition of the Nzn4 oécurred in hoth the pure NQH“ and the “2“4 - Hzé
mix sampled, the effect of 320 in thé corrosion procuss appears neplipgthie,
According to Rocket Research, co2 reacts rapidly with hydrazine td form car~
bazic acid (Hauécozn) which in turn réacts with excess Npt, to form a salt
(HaNzcoz(N2H5)) which 18 soluble ir hydrasine., It apparéntly is this salt
which is responsible for the stainless steel corrosion. No corrosion was
observed in the samples using the N, atmosphere only,

In addition to N2ﬂ4 contaminated with 602 being corrosive to stainless
steels, SRI has found that Nzﬂm contaminated with Cl, is cotrosive to titanium
(Ref 12). Test capsules containing “}“4 and 6A1-4V titanium test specimens,
that had been in stovage at JPL to deteérmine. the compatibility of various
materials with Nzﬁ&. were andlyzed for both.corrésien and propellant decomposi-
tion, The etorage temperaturé was. 110°%, Prior to storage initiation, the test
capsules had been degreased using Freon TF in. acéordance with JPL specification \
X GMZ-50521~-GEN-A. Upon enalysis. of the test capsule contenits, SRI found both
) excessive ﬁZHA decomposition and severe corrosion of the Ti specimens, A .
detailed analysis 6f the N2H4 revealed large condentrations of boti echloride
amd c4rbon impurities, Also, the titanium speciméns had chloride concentra-
tions 200 times greater than that found in virgin 6A1-4V titenium., The high
chloride and carbon impurities led SRI to hypothesize that the decomposition N
and corrosion was due to the reaétion of Nzha with Freon TF, It was felt that
the Freon TF hed not been complétely removed from the test capsules before they
were filled with NyH,. To verify this hypothesis, they mixed NoH, and Freon TF
and found that hydrazine mondhydrochloride (Nzﬁaadl) was formed, This salt will
mdke Nzn4 acidie and corrosive to metais. SRI proposed the following reacticns
as the means f£ir the creation of the NzﬂkﬁCI salt

(1) c:’r‘tnzccni*2 4+ éngua ——— NQH“HCI + cﬁiclccmz + Ny + 'm,
{2) cs'cizccmz + e'Nza6 ———— mzaaam + @n2661vz +2N2 * Amxs
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Ad the above vdactisns show, N2 and NH3 productioh is & product &f the "2“4 -
Freon TF reactidn which explaing the obsorved Nyt docomposition, Since. SRI
did not detect the products CFHCICCLFz. CFH2001F2. and cvnzuuvz but did find
ciiloride and earbon tondentrations in the capsules, it was felt that some
further reaection had also occurred,
: The results of the SRI andlysis indicate that the use of degreasing ox
cleaning solvents containing 012 should- be avoided as a moate of ¢leaniny
metals prior to use with N2HA' Although only titanium specimens were analyzed,
hydrazine contdining N2H4HCI would also be. corrosive to other storage metals
such a8 aluminums and stainless steels. Therefore, chlorinated svlvents, such
as Freon TF, trichlorethylene, methylene e¢hloride, ets., should not Le used
with any netal (A, Ti, stainless steels, etc.) slated for service with “2“4
unless all traces uf these degréasing agents can be removed prior to use,
Although both aluminum and titanium materials seem, from the data presented
go faxr, to be excellent gtorage materials for N2H4’ gsome evidence exists showing
certaln aluminums and titaniums to be incompatible with hydragine fuels, 1In
a .series of JPL tests analyzed by SRI, varlous.métals were tested for long
term storage with N2H4 and Aerozineé-50 (Ref 13), The tests were ruti at a
constant temperature of 110%F for periods up to 4 yéars. For this study, a
material wa8 rated compatible 1f the fuel decomposition rate wés no greater
thant the decomposition trate of the fuel alone (detevmined by control samples) :
and thé corroslon rate of the metal sample was hot greater than 3 uin/yr.
Prior to tesdting, thé platinum, aluminum and titanium samples were subjecteéd
to a cleaning and pickiing passivétion process which covaeisted of a detergent
ringe followed by plekling in at aqueous solutien of HF and HNOa. The samples _ A
were then dried with Nz. The tests wére conducted in glass test capsules
c¢leaned in aceordance with IPL specification GMZ-50521-CEN-A, Platinum and
aluminum samples were tested in neat Nzﬂa and 6Al-4V titanium was tested in
Aerozine-50, Based on the compatibility criteria employed, SRI coneluded
from the test results that platinum and 6061-T6 aluminum were eompatible
with N234 over the entire 4-yr test period while 356-T6 aluminum wag rated
compatible after ome yeéar but incompatible after twé years. Alss, 6AL-4V
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titanium wae rated tncompatible with Aevosmine~50 after one yedt., There wae
no evidence o6f corrosive attack on the specimens except for the occurrence
of gome dtaining,

in evaluating thede results, it is apparent that the eviteria employed for
asgessing compatibility 4p much more stringent than that employed {n other
mateial cempatibility studies. It appears that in mahy cascs a matevial was
rated as incompatible whea only ohe of the samples tested had a higher f£inal
¢apsule pressure than thé control sample, When the average normalized f£inal
storage presgure at 110°F for the metal-containing samples i{s compared to the
corresponding pressure for the cortirel samples, it appears that neune of the
above materials should be rated incompatible with the test propellants for the
stated time periods,

In tests run at McDonnell, the compatibility of various metal tankage
matexials with NZH4 at spacecraft sterilization temperatures (275°F) was
investigated (Ref 14), Theé 6Al<4V titanium, 6061-1T6 and 1100 aluminums, and
32] stainless stéel test metals were fabridated into capsules and tensile test
gpeciniens, The capsules weré used. to hold. both the NQH& and the test specimens
RO thdt nd digsgimilar materfals would be in contaet with the N H, during testing.
Both capsule temperature and pressure were monitoréd durlng the tests. In
addition to the above metals, an A-70 titaniutt bellows was also tested in a
6AL~4V T4 tapsule.

Each test article was subjected to 6 eycles ¢f exposure at 975°F. This
consisted of 64 hours at 275°F followed by B hours for cooldown to ambient
temperaturd and reheat to 275%F, Brior to testing, all specimens, capsules,
and other hardware exposed to hydragine were passivated for 18 hours at 175°F
in an aqueous hydrazine selution (1 part Nz“a and 3 parts H,0 by volume),

The tést capsules were then filled with hydrazine, The tita.ium bellows end
the 6061-T6 aluminum specimens were mot introduced until the second cycle,
The hydrazine decomposition rates wepe lowest for the titanium specimens.
The decomposition xetes with thé 321 stalnlesa steel specimens were about
three times greater than those with titanium, while the aluiminum samples
produced decomposition vdtes about one order of magnitude higher than those
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with titanium, whilo the aluminum samples produced decomposition tates ahout
ofie orvder ol magiittude higher than those with titdnium, It addition, the
aluminum gamplos showed avidence of corrsston, A white, powdery f£ilm was
depositod on both aluminum speeimens and the 6061-T6 aluminum specimens ware
slightly pitted, llydrazine semplos takon from both the- alumivum capsules

; following the tast contained small quarntitios of a white, gelatinous precipis
tate, ‘The A-70 titanium bellows sample and tha 6A1-4V titaniun speeimens
were unaffected,

Muél of the results repokted by botli SRI and MeDonnell (Ref 13and 14)
confliots with the othex veported data on the compatibility of titanium and
aluminum alloys with hydraszine, In fget, the two sets of results tend to
aonfliet with each other, SRI found 6061 aluminum to be compatible but 356
aluminun to be incompatible whiile 356 aluminum contalne less alloying agents
than 6061 aluminum, On the othetr hand, McDonnell found 6061 aluminhum to be
{neompatible, MeDonnell also £ound corrosion of the aluminum samples, while
S$RI did not, The McDonmell tésts were run at 275°F while the SRt atalyzed
tests were run at 110°F, However, the RKocketdywe tests (Ref 2) run at
338%F ghowed no corrosion or excessive decompositior £6¢ the aluminum samples,

Inh a recently compieted program, Battelie evaluated the effects of radia-
tion oh the compatibility of storage materials with hydraegine (Ref 15). Various
speciména of 1100-0 and 6061=T6 aluminum, 347 stainless steel, and 6Al-4V
titahium in contact with hydrazine were exposed to cobalt-60 gatma radiation, ;
In one -eries of tests, NZHA was stored in caps8ules made from the four metals ‘
tested, With no {rradiation, the average rate of gas builidup over thée 980hr f
storage period wds 5 x 10“9. 6 x 1059. 6 x 10'9. and 4 % 107 moles per gram '
of 1iquid per hour for 1100-0 AL, 6061-T6 Al, 347 5.S. and 6Al=4V Ti, vespectively.
When exposed to 0,52 tegarads/hr over 288 H¢, the respuctive average rates in-
creased to 6.6 x 1077, 8.1 x 10°7, 6.6 x 107, and 8,0 x 10”7 moles per grém of
1iquid per houxr, These results indiecate little difference between &lloys but
do show an increase in decotipositisn rate with irradiatieh, After completien
of the gas evolution studies, the interior surfaces were examined. Only very
thin £4lms were observed by eldétron difféaction,
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The data obtained {i the veferonced studies indidate that the preferahle
matoriala for long term storage of hydrazine are GAL~4V citanium and variong
alloys of aluminum, The 300 series stainless steels are conaiderahly loas
desirable and tron, nickel, and gold aro incompatibla, “hase results are
, , gonorally 4n agreemont with the theoty of Eberstoin and Glassman on hydragino
compatibility, Howover, Vango has proposed another thoory oil the compatibilicy
of motals with hydvamine (Re£ 16), He states that the docompositfon ohserved
{h NZH4 tompatibility tests s due to the presence of matal oxides or metal
{ons in solution with the propellant, He has found, for indtance, that neither
pure molybdonum nor pure iren in their reduced state promote hydragine deesimpogi~
tion, Vango further contends that tlie obsetrved promotion of Nzﬂ4 decofiposition
by staihless steels La probably due to the tenacious pratactive oxtde eoating ‘
foried duting passivation with HNog.

It appears thut some of the ruported data can be explained by the Vange
theory while some of the data seems in oppesiticn. Since the Rocketdyne
samples were eleaned with Hnos. the oxide layer on the iron, nickel and stainless
steels ¢ould have caused hydragine décomposition, Rowever, atuminum oxide
evidently dods not promote decomposition since the aluminum was found to be .Y
compatible, Also, an oxide decompssitivn mechanism does not seem to explain
the ihcompatibility of gold, observed by AFRPL, 8ineé pold oxide is difficult ’
to form,

In aetuality, Both the Vango theory and the Eberstein and ¢laséman theory
seem to apply. Both theories appear to compliment each other with the et
tetult being that titanium and aluminum alloys exert the least, if any, catalytie h
. effect {n decomposing hydragine. The stainless steels, while being moke catas
lytie in decompdsing hydraeine, might £ind limited application where needed,
however, Finally, metals such as iron, molybdenum, clivomium, nickel, and gold
are not desirable for long term storage with hydrazine and must be rated as
incompatible. The results of the previously discussed studies also tend to
support the following conclusions:
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1) In prepaving eystems for long term stovage of hydvasinu, care nust
be taken td provide a truly elean aydtem, In particular, the {ntvo-
duct{on of contamitiants by the ¢leaning process {tsalf must be pres
¢ludad}

2) Daeauge contuminants eueh as ctz. eoz. other cofipounds, or metal

ions appocar to promote hydragine decomposition, a puvrified hydramine
may be nocamsary fer lonp term etorafe applicationn, A wide
varioty 6f contaminants could be prasent in svopellant-grade
hydrasitief

3) care must be taken to keop all hydrasine systems pressurized with enty

an inert gas blanket to prevent the introductisn of contaminants such
a8 9020
2, Compatibility with Non-Metals

According to reports writton by DMIC, TRW, and AFRPL (Ref S5, 4 and 17),
only a few non=metals are congidered suitéble for NyH, epplications, Von Doehren
states that Teflen, Kél-F, aid poelyathylene are sultable for general use with
N2H4 (Ref 17 ), DMIC rated Tefloh, butyl rubber compound 805=70, Graphitatr. 2
and 50, and Dedlunian. as suitable storage materisls with Nzﬂa below 1é0°F. while
rating polyethyldne, graphite, SBR rubber, asbestos, and Kel-¥ suitable beléw
75%p (Ref 5 ). Non-imetals such as nylon, S8aran, Mylar, and natural rubber were
rated as unsuitable, DMIC based compatibility on the premise that a material
would have a volume change less than +25%, weuld not change visually, and would
not decompése the prepellant in question, TRW rated Teflon, butyl rubber,
Kel-F and EPR (ethylene propylend rubber) as suitable materials for "2“& sexrvice
below 140°F (Ref 4 ). Polyethylene was rated suitable only £or scrvice below
BodF. 1f a noti-metal gave satisfactory sexrvive for general usd, it was
considered compatible, These three reperts based their retings on available
comeatibility data, in the perdod 1964 to 1967,

Although Teflon seems to be one of the better storage materials for “2“&'
it is very parmesble uovnﬁn“. According to O'Brien and Bolt (Ref 18), Teflen
is generally not used, to a large extent, as & storage matevial in propellant
management eystedis due to its high permeability with hydrazine type fuetis,
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0'Brien and Bolt both racommended either butyl rubbér or EPR formilations
a8 etorage materials for NQHQ dnd statod that both of thoss materfals give
pood results 4f proporly manufacturod, It should be noted that both NASA
and JPL have mainly used either butyl rubba® or GPR on tholr missions for
hydraaino-type fucl storage to date, This ralianco on butyl rubbor dnd KPR
a8 a etordgd matorial seoms justified, for at least Nz"d storage, by tests
conductod at JPL (Ref 19 ), JPL ran both Nzﬂ“ pertheability tate aud Nz“a
decomposition ratc tests on butyl rubber and EPR gamples. ‘'he tests lasted
up to ong year at g test temperature of 110°F. The butyl rubber showed
permoability rates between 0 and 0,001 mg/tn.zlhr and a fuel decomposition rate
of 0.1%/day, whilé the EVR samples showed paermealbility rates between 0,001
and 0.4 ms/th.zlhr and a maximum fyel decomipositioh rate of 0.0038%/day.

Compatibility test data seemingly disagreeing with the ratings given
by DMIC, TRW, dnd AFRPL have been répdrted by SRI (Ref 13 )., As part of the
JPL lofig term storage tests repdrted on earlier under metals tompatibility,
vatious fietal test bars coated with different non-nietals wers storved i liquid
Nzna for periods up to &4 yea¥s, Test specimeris ircluded & polytetrafluoroethylene
(PTFE) rdsifi; Rulon, cdated oh a 6061-16 aluminum test bar and EPR bonded on a
6A1-4V titanium test bar, In addition, a sample of EPR alone was tested, The
tesults were conflicting, Based on pressure rise data, SRI concluded that the
met&l-EPR and metal-Rulon samples were inicompatible with “2“4' However, the .
EPR samples without a netdal gave pressure rise rates which SRI felt made this S
gample compatible with Nz“a' SRI alsd reported that the EPR had unbonded from -
the 6A1-4V titanium but that its properties suffered little from the expodure ‘ ~
to Nzﬁ&. Because of these results, SRI felt that EPR was probably compatible
vilth Nﬁna but 6A1-4V T4 may not be, No good expianation cf why the Kulon
¢oating exhibited incompat4ibility was given; SRI postulated that impurities .
contained in the Ruldn may have been resporsible,

More data oh the compatibility of ethylene-propylene elastomers (EPR rubbers) :
with Nzﬁa havé been reported by both TRW and Aerodpece Corporation (Ref 20 and /
21 ). Howell of TRW states that the compatibilicy of EPR depends significantly !
updti the compounding variations used for each EPR formulation (Ref 20 ),
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EPR compoutids using carbon black as £41leér have significantly higher decomposi«
tion rates than thosé using thie silicate £4ller, Silene D, Also, butyl vubbers
may not be as compatible as some of the other EPR formulationg., lowell further
states that the purity and exact quantity of ingredients as well as curing

timé and temperatures also sipnificantly affect eompatibility, Therefore,

an EPR considered ecompatible with N2H4 may be incompatible unless stringent
controls are maintained to see that no variations in purity or compositien

or in curing time or temperature oceur for the particular EPR belny considered.

EPR/Nzl{4 compatibility data presented by Aerospdce Corporation seems to
substantiate the data pregented by Howell (Ref 21), 1In a series of tests,
Aerospace measured both gas evaluation rates and property changes of various
EPR formulations while immersed in 97% pure anhydrous Nzna at 70°F, Their
results {ndicate that EPR 132 {8 compatible with N2H4 as long as no carboh
black filler is used in its formulation.

Further data on the compatibility of ethylene prepylene elastomers with N2H4
has been réported by SRI, APCO, and Martin Marietta (Ref 22 thru 24), SRI
analyzed a prototype spacecraft tank which had been subjected to intermittent
testing with NH, and ON, at temperatures and pressures up to 150°F and 1509 pst,
respectively (Ref 22 ), A bonded EPR (Stillman Rubber Co., SR722-70) expulsion
diaphragt was contéined within the JPL test tank, One side of the diaphragm
had been exposed to GN2 while the other side had been eXposed to N,H, during
testing, Upon analysis of the diaphragm, SRI found:

1) Materials had been leached out of the SR722-70 EPP material during
hydrazine éxposure. However, on the bagis of an accelerated 24 hour
decomposition test, the leached out materials seemed to have no effect
on N2H4 decomposition;

2) Embrittlement of the diaphragm material ocecurred;

3) No inerease in pérmeability of the diaphragm material, due to Nzﬁa
exposiure, was found,
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Accesdory Products Company (APCO), eonducted & compounding study to improve
both the compatibility and permeab{lity of ethylene propylene ecopnlymers (EPR)
and terpolymers (EPT) with “2“4 (Ref 23), Ten compounds were forwulated for the
study. Oné was aimply EPR 132, Four otuers contained HAF carbon black as a
filler while the others used either Icecdp KE clay, Silere D, or a mixture of
both as fillers., Curing agents. for the varifous formulations ineluded peroxide,
resin, and sulfur, On the basis of meschanical propérty tests conducted on the
10 formulations, the non-carben black fillers pave lower tensile dtrengths, Also
it was found that the terpolymer formulations psve greatér hardness values than
the copolymer formuations.

Hydrazine immersion. tests were conducted at JPL, Compatibility was deter-
mined on the basis of pressure rise (low Nzﬂa decomposition), Test tesipérature
was 125°F. In addition to the 10 formulations, two additiondl commercial EPR
(Parker E515-8 and Scillman SR722-70) and one commércifal butyl (Fargo FR6-60-26)
were algo tested. After 60 days of testing, only four of test polymer containers
had pressure incresges beiow 30 psi. These were the peroxide tured EPR compounds
(AP =25 psi) and thé sulfur cured EPT compounds {3 Pxl0 psi). These four
formulatiohs eontdined no carbon black, All of the tests with. the other polymers
had to be terminated befoxe 60 days due to éxcessive pressure build up ( AP=350 pei),
On the basis of this first séries of tests, the EPT compounds were reimmersed
for an additional 328 days with little additional Nzﬁa decomposition, This led
APCO to believe that a passivation process probably had occurred during the
first part of the testing,

The 10 formulations were also tested for permeability and weight gain, Low
permeation was associated with high hydrasine adsorption, The hydrated silica.
and clay fillers appeared to have a high affinity for hydrazine adsorption while
simulténeously showing excellent competibility. For example, pevdxide-cured EPT
had & weight gain of 237 after 286 hours and yet had no detectable perxireation
at the end of 760 hours of expesure. Conversely, sulfur-cured EPT had & weight
indrease of only 5% while the permeation test wae discontimued at 141 hours when
the rate had already rigen to 0.334 mg/in.z/hr.
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Martin Marietta has ednducted meelianical property and propellant daecomposi-
tion tests with tha EPT-10 diephragm materidl propsded for the Viking lander
propellant tanks (Ref 24 ), Thé major coneexti was the effeet that sterilization
: at 275°F would have on the compatibility of the terpolymér with Nzna. Testing
1 1s still in progress, Preliminary results indicate that sterilization does
| tot signiffcantly effect the compatibility of EPT-10- with N2H «  Al*hough dre
hieat sterilization congiderably altered the mechanical properties of EPI+10,
thegse preperties dgain returned. to the as~cured values after soaking in "2"4’

A passivation procéss seens to occur upon immeorsion after dry heat sterilization,
High pressure rises have been recorded for the first twenty days of immersion.
After this time, near-zero pressure rise rates have been obgerved.

The most xecert compatibility infibrmation on éthylené-propylene rubbers
with N2H4 had been reported by TRW (Rei 25 ), TRW conducted a compounding study
for the Air Force to develop a superior rubber for seats i N2ﬂb thruster valves.
This study centered around the use of peroxidescured éthylene-propyléne rubbers
refnforeed with TRW polyurethame resiri, Hystl, Laborétory tests weve used to
streei eahdidate ecompouhds., Prime candidate eompourds were evaluated. further
by long-term tests in hydragifie valves at elevated temperatures. As 4 result
of thiq work, thrée compounds weré developed with. mechanical &nd echemical
properties superior to the Stillman SR724-90 EPR control material. The newly
developed materials were shown té be highly compatible with hydrazine, Main-
tenance of mechanical properttes in elevated temperature hydrazine during rvapdd
valve cycling short-term teste and during slower valvé cyeling long-term tests.
was congidered excellent. The newly developed materials maintained their shape, ‘
thickhess and sealitig properties after all of the in-valve tests, On the basir
of these tests, Compound 102-1, a peroxidescured composite of EPT, Hystl, and
fumed silica was selected as the prime Nzna valve sedt materiel., The Alr Force
designation for tnis compound is AF=-E=102,

Due to the success in déveloping AF-E-102, the Alr Force further funded
TRW t6 develop a similar compound (EPT plus. Hystl) for use as a polymeric
pladder dr diaphtagm material (Ref 26), This new material was to demonstrate both
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lower permeabiility and Nél-l“ desémposition ovar state-of-the~art oxpulsisi bladder
materiala, TRW chodé EPT-10 as a reaference for compsrison, On the hasis of
compoutiding studies, ikW chose an EPT/Hystl covulecanizate, desipnated Ar-£=332,
as their prime candidate, 1In both static immersion tests and perméahility

tests, the new compound has showed itself superior to EPT-10,

? ~ Just recently, the European Space Resarch Organization (ESRU) has presented
; additionalnon-metal compatibility informatien with N,H, (Ref 27). Static

4
immersion tests were run at 40, 60, and 80°C to measure both NI décomposition

2%
and materigl attack, From the results, Butyl, EPR, and PTFE were considered
to have good resistance to NZHA attack and not to ¢cause - ~~essive N,lUl, decompo-

274
stion if carbon black ig net employed as a filler material.
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APPENDIX B

RESEARCH ON HYDRAZINE DECOMPOSITION

The material presented in this appendix is a partial reprinting of
Rocketdyne Report AFRPL~TR-69-146, North American Rockwell Corp.,
Rocketdyne Div,, Canoga Park, Calif,, July 1969
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INTRODUCTION

The utility of hydrazine ad 4 sterable propellant ia well eatablialied,
Ita limitations result principally from a high melting peint and a moder-
ate thermal stability., Hydrazire 48 sufficiently atable that gas ovelu~
tion is apparcntly not a problem during normal storage in paekaged sya-
tems; veliable long-ters dtorage data are lacking, The uae of hydrazime
as a vehicle {n gelled heterogenoous propellants is limited by gas evolu~
tion in some cases, but this results from interaction of the hydrazine
with the gelling agent or the added solid, Xt is usually assumed- that the
thermal stability of hydrazine is borderline for use.in tactical systems
that may undergo aerodynamic heating, e.ge, 400- F for 1 hour; again, suf-
ficient experimentul data were lacking prier to this program, Hydrazine
can be used ad a thrust chamber coolant only in systems that have been
carefully designed with consideration for its limited thermal stability.
However, “he tendency of hydrazine to decompose thermally is advantageous
in at least one application, i.e,, thrusters in which hydrazine id cata-
lytically decomposed as a monhopropellant.

Extremely limited information is available reélating te the kinéties or
the meehanism of the decomposition. of liquid hydrazine. Attempts have
been made to discover additives that will inerease thée thermal stability
of hydrazine, but these investigatiens were conducted without benefit of
a.knowledge of the type of reaction mechanism involved in the décompoai -
tion (free-radical or iomic), or of the site of the decomposition (on the
wall or in the bulk of the liguid). Hydrazine is sufficiently stable
that liquid-phase decompesition studiés must be conducted efither at very
slew rates of reaction or at elevated temperatures where a high pressure
is required to maintain the liquid pha e, It is for theae reasons,
apparently, that most hydrazine decomposition studies have been conducted
in the vapor phase even though the liquid-phase decomposition may be of
the most practical intereést,
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In the ende of the decompenitien of hydrazine vapor, the ratea have heen
dotermined under a varioty of conditiens, hut the detailed reaction mech-
aniameé Have not bodn oatablished, The docomposrition of the vapor has been
found to be a hoterogennous reaction (on the wall of reaetor) below approx-
fmately 700 ¢, and n homogenveus reaction above this somperature (Ref, 1),
A nunbor of freo-radical wechanisma have been proposed for the homogenoduw
decomposition of hydrazine vapor (Ref, 2 through ), but theae havé boen
selected primarily to yield the correct stoichiometry and have not been
based on well-¢stablished kinetie pavametera such. a8 reaction order (the
uncertainty in the reaction order is exemplified by the data in Ref, 2).

A limited number of investigations of the liquid-phase decompoaition of
hydrazine have been reported, Mest of these are desiribed in Ref, 5
through 13, Some of tliese. investigations are discussud by Eberstein (Ref,
14 ), Perhaps the most intercsting of the previous investigations 18
that of Lucien (Ref. 5) which is discussed later in this report. Un-
fortunately, Lucien did not cetablish that most of hie measured reaction
was oecurring in the liquid phase.

It was the objective of this program to establish the stability of liquid
hydrazine under various eonditions and to elucidate the reaction miechanisms
involved, The role of impurities in the cecemposition was to be deter-
mined, It vad assumed that ligquid hydrazine can decompose efther homo-
geneously or heterogeneously {on the surface of the reactor) depending

on the temperature aad the area and type of surfaece in contact with the
liquid. It was anticipated, also, that ionic mechanisms will be importaiit
in the liquid-phasé decompositien of hydrazine which is a highly polar
liquid with a dielectric constant of 52 at room temperature.

This investigation can be generally divided into three areas: (1) homo-
geteous decomposition, (2) heterogeneous decomposition on metal surfaces,
and (3) role of impurities.
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The approach under area ) was to inveatigate the decompeaitien kinetica
undor conditions where the homogonboun meshbniam would be expected to pre-
dominrate (glass reactovs, elevated tompovutures, purificd hydvazine).
Inveatigations in solventa and with added salta were used to distinguiah
between poadible iontc and fred-vadical mechandams,

The heterogoneeus decomposition kineties, area 2, were investigated at
lower temporatures with the liquid in eontact with varieus metal surfaces.
The effect of the pretrentment given the metal surface wus also studied,

Under arca 3 (role of impurities), the impurities normally present in
hydrazine were determined. The possible detrimental effect on atability
of theso impurities was investigated by adding them to secmples of purified
hydrazine and, also6, by attempting to effect their removal Ly pretreating
the hydrazine., The susceptibility of hydrazine to potentinl impurities

also was investigated (e.g., carbazic acid, which can form from resction
with CO, in air).

The results of this investigation are presented. in approximately the above
order in this report. However, some serics of expériments relate to more
than one of these general areas. Data relating mainly to the establish-
ment of the kinetic perameters (homogeneous and heterogemeous) are pre-
sented first, This i¢ followed by the results relating to the role of
impurities, Finally, the work aimed specifically at determining the re-
action mechanisms involvéed is presented.
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BUMMARY

The objeetive of this program whe to ostablish the thermal stability of
hydrazine undor varieus conditiona and to elucidate the renction moeha~
nisms invelvod, The effoet of impurities on the thormal stability wad
amphasipod becauso it was doterminod rather early in.the program that
purified hydrazine is conriderably move Atable than propollant-grade
hydrazine,

KINETIC PARAMBTERS IN PYREX AMPOULES

The liquid-phuse decompesition rates were measured at small extents ef
reaetion in dealed pyrex ampoules at temperatures from 90 to 246 C, and
reaction times from 0,3 to GO0 hours. It was established that the de-
composition rate i& & func¢tion of the purity of the sample, and that the
decompoaition rate decrenses with time. At 171 €, the average decomposi-
tion rates in percent per hour are, respectively, 0.64, 0,004, and 0.000%
for propeilant-grade, distilled, and BaO-pretreated sumples of hydraziue,
The produet ammonin.was found not to inhibit tho reactien, and the rate
is not pressure dependent.

The stoichiodietry observed throughout the program for ligquid-phase decom- . .
positior was that which gave very little hydrogen (approximately 5 percent
or less "percent ammonia decomposed"). The aetivation energy for decom-
position in the glass umpoules i8 about 20 kcal/mole.

HETERUGENEOUS DECOMPOSITION ON METAL SURFACGE 7

The rate was found to be strongly dependent on the type of metal in con- “Qﬂ%
tact with the liquid and on the type of pretreatment the surface had been \

glven, However, the rate on will-passivated stainless steel was only
8lightly higher than the rate obtained im the pyrex ampeules. The hetero-
geneous decomposition rate is not as dependent on thke purity ef the hydraz-
eine sample as is the rate im the absence of a metal surface, It may be that
fapurities from the metal surface dimsolve in the liquid.
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ROLE OF IMPURITIES

It was eatabiiahed that the thepmal stability of heth prepeliant-grade
and distilled hydrhzine is detormined by the cecurvence of an {mpurity=-
catalyzod reaction, Of the known impurities in hydrazine, water, {ron,
and carhazie acid were founrd to he dotrimental to thormal atahility.
Trace acidic and motallic lmpurities appoar te ho eritiocal,

EFFECT OF ACIDIC ADDITIVES

The decemposition of lydrazine was found to be very susceptible to acid
catalysis, particularly in tlie prescnce of a metal surfade. Onc percent
of an acidic impurity can inorcase the decomposition rate by a factor of
1000,

EFFECT OF HYDRAZINE PRETREATMENT

It vas found that contacting propellant-grade hydrazine with technieal- v
grade Ba® reduces its deeomposition rate (in glass) by two ordexrs of
magnitude. A similar efféct could be obtained by adiding & few hundred
pim of Na 8, It i8 concluded that this latter treatment removed both
trace metal imptirities and acid conteminants by precipitating them as
sulfides and by meutralization (8" «+ Naﬂs*"u H8™ «+ Ngﬁh) respectively.
The Ba0 pretreatment was showh to remove acidic materials from the
liquid. Pretreatment with other insoluble bases and other samples of
Ba0 aléo imcreased the thermal stability but not to as great ai extent
as one specific sample of Ba0 (probably because it contains a soluble v N
sulfide impurity). :

INVESTIGATION OF DECOMPOSITION MECHANISM

By the addition of various salts to change the fonic strength of the liquid
hydragine, it was established thet the rate-determining step involves the
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reactien of. a singly charged and a doubly charged fon of the epposite sign,
The follawing meehaninm if proponad for the impupity-entnlyzed hemegensous

reaetiont
Nr_,ug‘ ¢ MX), ™ ——eM(X)," ¢ Nily « N, (1)
u(x),“ + ONgHl, ———se- M(X), ™" + Neu,j* + Nolly (2)
" Nl + Nyll, et Nyl + NHLy (3)
aN il N, + 2N, ()

where M i o tranaition metal ion and X is a negative ion (e.g., €1~ or
Nﬂn’-) ¢

Other ‘techniques used to determine the mechanisms ineluded solvent studies
and measurement of e¢leetrical conduetance and dielectric constant,

ANALYSIS OF HYBRAZINE -

Gas chromatography techniques were developéd to investigate the trace
impurities in hydrazine. Toluene was found to be a trace impurity in com-
mercial hydrazines at the 100- to 300-ppm level,

7/8 -
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RATE AND KINETIC PARAMETERS IN PYREX

'he rate of decomposition of liquid hydrazine was measured in sealed pyrex
ampoules to determine its inherent stability in the dbsence of a metal sur-
face and the effect of impurities on its thermal stability.

METHGD OF MEASUREMENT OF DECOMPOSITION BATE

In the absence of any side reactions involving impurities, the decomposition
of hydrazine must follow the stoichiometry:
4 1
H, —— = (1 - 2
NoH, 3(1 f)NH3+3(1+2f)N2+21‘H2 (5)
where { is commonly referred to as the "fraction of ammonia decomposed,"
and can vary from 0 to 1 but usually dees not exceed 0.25.

At the small amounts of hydrazine decomposition of interest in this program,
{t ig difficult to measure directly the amount of hydrazine decomposed or
the amount of NB3 formed. However, the separation and measurémént of the
noncondensable products, N, and I, can be done rapidly and accurately. In
the method used in this program, the measured quantitics are the ratio, R,
of H, to N, and the total molés of nericondensable products (NQ + Hz). The

value of f can bé calculated as follows:

]

¢t - R/(6 - 2R) (6)

The amount of hydrazine decemposed is calculated from the measured amount
of noncondensable gas as follews:

moles Njif, = [3/(1 + 8f)] (moles N, + moles 32) (7)
The détails of the experimental procedure are presented in a later section

of this report. In summary, the hydrazine is placed in a thick-walled glaes
ampoule, the sample is frozen and the agpoule cvacuated and sealed, the

9
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ampoule is then heated for the desired time and broken open in a vaéuum
system, The hydrazine and ammonia are condensed in a LNB-cooled trap,
the total pressure of the honcondénsable products (N, + H,) is weasuced
with a multirange McLeod gage, and the ncacondensable gases are analyzed
in a mass spectrometer, From the initial amount of hydrazine intreduced
into the ampoule and the known volume of the gas-mensuring system, the
percent hydrazine decomposéd is calculated using Eq. 7 .

The relationship between the molés of Neﬂ,‘ decomposed and the total moles
of N, and H, formed (Eq. 7 ) is plotted in. Fig, 1 as a function of the
pércent hydrogen présent in the noncondensable product. It will be seen
later that considerably less than 30-percent hydrogen is found in the
noncondensable products from the decomposition of liquid hydrazine under
most of the conditions investigated. Thus, between 0.33 and. 0,55 moles
of noncondensable products usually form per mole of hydrazine decomposed.

3
g
(4 el 2
4 &
~ =
< 8 /
a?‘%’:a »
S 4Yg - |
9 £ § 2™
g % Ut—J __l/
gay ,
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0 10 20 30 40 50 60 70
PERCENT “2' P, IN NONCONDENSABLE PRODUCT
Figure 1. Moles of Nencondensable Gae Formed per Mole

of Hydrazine Decompeséd as a Function of
Percent H, in Noncondénsable Products (Eq. 7)
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In & typical expesiment, the ampoule had a total imternal volume of 1,0
militlitore and 0.% millidlitors of liquid liydrazine wes empleyed, It can
be caleulited that at temperntures around 170 €, where the vVapor pressure
of hydrazino is about 7 atmoapheres, more than ) percont of the hydrazise
is initinlly {h the vapor phaso.

The {nitial pressure in the ampoule ie equal to the vapor pressurc of
hydrazine, As the reaction procceds, the pressure increased by the
pressure of noncondensable products (about an additional 3 atmesphores
for 1 percent hydrazine decomposed at 170 C) and the pressure of the Nu3
which is not soluble in the hydrazine (about an additienal 8 atmospheres
for 1 pereent hydrazine decomposed--assuming that most of the NH3 is in
the vapor phase at this temperature). Thus, the total pressure in the
ampoule would be about 60 atmospheres (900 psi) at 170 C after 5-percent
of the hydrazine has decomposed in a typical experiment.

The decomposition of more than a few percent ef the hydrazine would usually
result in breakage of the ampoulé by the excessive pressure of the products,
This was not a serious limitation because the interest in this program was
{r the kinetiecs of decomposition at low extents of Jecomposition. For most
applications, the decomposition of more thén a few perceint of the propellant
(prier to use or while being employed as a coolant) could not b2 tolerated,

Prior to use, the ampoules were cleaned with aqua regia, rinsed, dried, and,
for the later experimenis, passivated with propellant-grade hydrazine for
ok hours, rinsed with distilled water and dried. The hydrazine passivation
did not affect the rates obtaired at higher temperatures except that it
reduced the incidence of cecasional spurious high resalts, At lower tem-
peratiures (130 c), however, the rate in the absence of a metal surface was
markedly reduced by prepassivatién of the ampoules.

RESULTS: PHOPELLANT<-GRADE HYDRAZINE IN PYREX

The decomposition of propellant-grade hydrazin¢ wae feund to be a relatively
elow process even at moderate tedipératires. Most of the studies in pyrex

11
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ampoules werd conducted at 171 € (%40 F) because this géve ceaveniently
moasnrable docompoaition ratés on the order of 1 pareent in 24 hourss

A1l of the data obtained on the¢ decomposition.rate of “"ds-received"
propellant=grade hydrazines are listed {n Table 1, end the results at 171
and 128 C ar¢ plotted as a function of time in Fig, 2 and 4 (Fig, 3 ehows
the initial decomposition raté of prépellant-pgrade hydrazine on an expanded
scale). When a phenomenon was under investigation (such as the effect of
additives er of metal surfacés), blank runs were usually made to ensure
that any effects observed were real. Many of the éxperiments listed in
Table 1 were such blank experiments.

Reproducibilit

It may be seen from Fig, 2, 3, and 4 that completely reproducible results
could not be obtained, It was found, however, that the effects of interest
to the program were of sufficient. magnitude that this lack of reproducihility
did not prevent conclusions from being drawn with redpect to the reaction
mechanisms and. thié¢ roles of tmpurities and.additives. It did require, how-
ever, that moré experiments be conducted to- establiish the kinetie parameters
associated witlhi the pheneémens of interest.

Thé possible causes of the scatter of the data were investigated in some
detail.early in. thé program. It was determined that the magnitude of the
scatter was considerably preater than could arise from the combined possible
errors in the measurement of (1) the initial sample size, (2) the moles of
noticondensable products, (3) the H, to N, ratio, and (4) the reaction
temperature,

The effect of prepassivating the ampoules with hydrazine before the final
filling was next investigated, It may be seen from Fig., 2 and 3 thati.passi-
vation has little, if any, effeet on the results obtained at 171 C, However,
three of the 171 ¢ experiments gave apparently spuridus results (Experiments
%9, 116, and 117) and were not plotted in Fig., 2. Because these weie three
of the experiments in unpassivated ampoules it is possible that prepassiva-
tion would have prévented the spurious results. It may bo seéén from Fig, 4

12
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TABLE 1
RESULTS WITH PROPELIANT=GRADE HYDRAZINE
IN PYREX AMPOULES
Poroont 1
Hydrazing
e
Hl;?ruogl::z tn Deconiposed
e Experiment Temperature,| Time, Noncondensable Per
- Ne. Sdmple C heurs Product® Total | Hour Remarks
8 |L-towal 17 17 ks 0.52 |0.031 | 21-percent ullage
15 7 0:57 |0.03% | 16-percent ullage
16 7 0.88 10,052 | 31-percent ullage
17 7 0.67 |0.039| 2%-percent ullage
18 7 0,68 [0.040 | 26-percent ullage
19 7) 0.53 [0.031 | 69~percent ullage *
20 ? 1,0 0,059 [ 73-percent ullage
21 7 0.57 [0.033 | 69-percent ullage
22 ‘ ? 0,62 [0,036.| 71-percent ullage
30 1 10 0.086|0.086
31 3.1 10 0.12 {0,060
32 4 10 0.21 |0.054
34 8 10 0.40 }0.050
35 16 10 0.54 [0.0%4
i 36 32 10 1.2 0,038
38 80 10 1.6 [0.019
39 96 10 5.9 0,062 | High result
40 112 10 2.1 |0.018
| 42 128 6.6 2.5 |6.020
YA 0.50 11.9 0.033}0.,066
45 0.75 12,4 0.061 10,082
67 21 (10) 0.87 [0.041
68 : 120 13.9 1.75 (0.015
84 H-1726 18 12.9 0.58 0.0%2
- 85 42 6.6 1.28 |0.030
87 , 114 10 2,78 |0.024
88 L~104A 262 10 3.4 |0.012
116 285 10 6.9 0,024 | High résult
117 282 {10 5.1 (0,018 | High result
156 6.6 10 0.026|0,043
159 0.6 10 0.036|0.043
166 0.6 10 0.030(0.050
268 20 10 0:77 |0.039 | Blanks for NHjy
269 20 9.9 0.74 {0,037 Experl'ults
270 20 12.1 0.72 0,036
437 66- 11,9 1.36 10,921
439 ] 66 (10) 1.15 [0.017
13
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TABLE 1
(Continuad)
Percent
Hydrazine
Peroent :
Bydrogen in ‘Decomposed
Experiment Temperature,| Time,|Nonecondénsable Per.
No. Sample| c hours Products® |[Total| Hour Remarks

440 1~ 104A 171 66 sxog 1.25 (0,019
hil 66 10 1.%2 |0.021
603 24 5.3 0.96 |0,040
605¢ 48 10,7 1.65 [0.034
606¢ 8 (5) 0.4% [0.055
609°¢ 2 1.4 0.11 |0.055
610° 72 15,3 1.75 | 0,024
757¢ 24 m 1.1% [0.047
756" 24 ? 1.17 |0.049
81%¢ 72 6.0 1.7 |0.023
814c * 72 . 6.8 1.6 [0.022
914% 1~1048 24 §1o; 0.95 [0.039
915°¢ 10 0.82 [0.034
924¢ 6.1 0.95 |0.039
931° 2,3 }.09 [ 0.045
938° 210» 6.71 | 0.030
939¢ ‘ ] 10) 0.72 | 0,030
318 L~104A 188 13 5 0.35 | 0.027 |Unpassivated
319 23 5 0.76 | 6.032
320 33 5 0.75 [ 0.018
958 40 5 0.49 | 0.012
259 40 5 0.48 | 0,012
321 49 5 1.25 | 0,025
320 726 5 2,10 | 0.027
32% 98 5 2,27 | 0,023
237 144 2.6 0.76 | 0.0053
238 ‘ (5 0.73% | 0.0051
259 1.7 0.61 | 0,0042
359¢ 9 5 0.092 0.010
360¢ 21 5 0.24 | 0,011
361° 33 5 0.22 | 0.0067
362¢ 57 2,4 0.35 | 0.0061
363¢ b (5) 0.038 0.0095
365°¢ 21 6.4 0.082 0.0039
366° 33 5 0.14% | 6..0042
367° 55 5 0.19 | 0.0035
368¢ 116 5 0.34 | 6.0029
369¢ 283 % .70 | 0.0025
370¢ 434 5 0.95 | 0.0022
$72¢ \ ] 73 5 0.31 | 0.0042 82-percent ullage

11
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TABIE 1
(concluded )
Percént
Hydrdzine
u::g:ﬁ;g; in Deeomposed
Experiment Temperatiire, | Time, |Noneondensahle Pey
No. Sample [ hours| Products® [ Total]| Heur Remarks
373°  |L-104A 128 73 3,8 0.36 |©6.0049 [93-peroent ullage
3I7NE 5 0.28 ]0.0038 |62-percent ullage
‘5762 5 0,28 |0,00%8 |[44-percent ullage
377 ' 5 0.5 [0.0048 |30~percent ullage
378° 5 0.95 [0.0034 [28-percent ullage
402¢ 64 5 0.28 |0.0644
403° 5 0.26 |0.004)
404¢€ 5 0,25 |0.0039
y48¢ 5 0.17 10,027
4h9e Y 5 0,17 |6.027
502¢ 76 4,6 0.25 |0.00%3
503° ‘ 5 0.36 |0.0047
504°¢ - 5 0,32 {0.0042
773° ) 5 0.11 |0,0046
7747 | 5 6.10 [C: 0043
775¢ : 1 5 0,10 |0,0042
199 9¢ 264 5) 0.16 | 0.00060{Unpassivated
200 364 5 0.16 |0.,00060Unpassivated
721¢ 576 5 0.13% | 0. 0002
722°¢ ! 576 5 0.12 |e. 001
? 149 20 10 0.15 |0.0075 [Usipassivated
677¢ 186 16 10 0.76 |0.047
680° 186 7 10 0.48 [0.069
11 204 17 7 3.5 |0.20 |Unpassivated
697¢ 204 2 ilo; 0.45 |0.22
698° 204 2 10 0.48 0.25
686° 227 0.5 10,1 0.29 [0.58
690° ] 22% 1 (10) 6.5% [0.53
®rnis value is the percent hydregen, P, in noncondensable products (N2 + Hp).
The value of B for use in Eq. 6 is given by P/(100- - P).
bvalues in parentheses were estimated Irom results of similar éxperiments.
The effeet of error in this value on percent hydrazine decomposed can be
caleulated from Fige 1 or Eq. 6.
em these experiments, ampoules were passivatéd overnight with hydrazine before
filling. In the other experiments, the ampoules were cleaned but not passivated.
15
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and Table 1 that- prepassivation of the ampoules in the 128 ¢ oxpérimonts
dofinitoly decreases the docomposition rate and thoreaada the reproduci-
bility, Three of the 128 ¢ oxperinonts in unpaseivated ampowles (Table iwe
1, 992, and 123) gave more than 1=porcont dacomponition and could not he
plotted in Pig, 4, A similay offoot of ampeulo prepassivation was oheoived
at 90 C (Takle 1) but not at tho highor tomperature of 204 g,

The reason for the soattor oven wheg passivated ampoules oro employed has
! ‘ not boen completely cstablishnd, It appearocd carly in tho program that the
‘ deconposition rate s a function of the purity of the hydrazine sample, It
was anticipated that the investigation of the rele of impurities would
pérmit the reproducibility to be improved later in the program. It turned
out, however, that no simple relationsliip was established between the
impurity content of the Hydrazine and {ts decomposition rate. It will be
seen later that the results of this investigation do indicate that the
thermal stability of propellant-grade hydrazine g determined by trace
impurities which are present at concentrations near or below their detece
tion limit. Thus, the scabtey could result from smsil changes {n the con~
ceitrations of these impurities even though considerable. care was. taken in
filling the ampoules (dry box, etes). If this {s the case, larger sample
sizes would lead to more reéproducible résults--provided that the quantity
of impurity added or rémoved during the £4il4ng of the ampoule was not
proportional to the sample size, There {8 no indication frem Fg. 3
(presented later) or from experiments 373 thru 378 tn Table 1 that a larger
sample would {mprove reproducibility, but further oxpériments would be
required to establish this. fpe low order of reproducibility which was
_ ' obtained s an additional indication that trace impurit{es are invelved
in the decomposition process,

= ‘ The main reason that smail samples of emly 0,3 miliiliters were used was
that very thiek-walled eapillary tubing was required to contain the vapor
pressure of hydrazine at the higher temperatures and to contain. the pressure
developed by the decompoeition products, The use of appreciably larger
sample sizes would have limited the investigation to considerably lower
témperatures, or considerably more complex techniques would have to be
employed, At lower temperatures, the exporiments would have been

19
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tnoonveniently long with the most etable sauples of hydrazine prepaved
latey in the program. Additional advantages of the ama)]l sample aize are
safety and that small quantities of a specielly prepared or purified
sample of hydrazine cdn be studiod undér a number of cénditions,

Although mome oxceptions werc found, the roproducibility of a givon serics
of oxparimenta was bottos than the roproducibility from serles to sorics.
It vas for this roason that blanks wore cmployod am cach phenomonon of
{intercat was invostigatod,

ffa () Q

Data are presonted in Table 1 and Fig. &, 3, and 4 for threc diffferent
samples of propellant-grade hydrazine: I~104A, 1~1043, and RPL-N-1726,

The first sample was obtained from a propellant tank at Rovcketdyne, the
sedond waz obtained from the same tank approximately 18 months later, and
the third sample was typical propellant-grade hydrazine suppiied from that
in use at the Edwards Rocket Propulsion Laboratory, The analyses of theseé
samples. of hydrazine will be presented later in this report. It may be seen
that the three samples of propellant-grade hydrazine had similar thermal
stabilities,

Effect of Ullage Volume

A series of 17-hour experiments was conducted in ampoules of 2,5-millimeter
ID Pyrex capillary tubing at 171 C with propellant-grade hydrazine. The
amount of liquid loaded into the cmpoule was varied to determine the effect
on the decomposition rate of changing the ratio of the volume of the vaper-
containing ullage to the volume of liquid, Because the liquid volume essen-
tially determines the total amount ef hydrazine in the ampoule, the percent
decomposed will be proportional to U/(1sU), where U s the fraction of ullage,
if all of the observed reaction oscurs in the vapor phese, If, however, only
1iquid-phase deconposition oscurs, the percent decompused will be indepéndent
of the amount of ullage, and of U/(1-U),

The results obtained in this series of experiments are présented at the top
of Table 1, The percent ullage 1istéd was caleulated at reaetion temperature

20
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taking {nto aceount the thormal expanaien of the Yiquid mample, Thede
veaults are plotted 4 Fig, 7 ad a function of U/(1-U), The veaults arve
independent of the percent ullage dndicating that the ehforved doeocmpo-
sition oecure in the liquid phade, The avorage percent decomposition dubing
these nine experimonts waa 0,067 with on averago doviation of 1 1H pertent,

The rosults of experimonts at 128 C, in which the ullage velumo was varied
fxom 28 to B2 poreont of the reactor volumo, wore aimilarly found to bo
indopondent of tho ullage velumo, The#o are Experiments 372 to 378 in
Table 1,

The above resulte ave of {mportance to the presont program hecause they
establish that the liquid-pliede reaction can be meastired without interfer-
ence from decomposition of the vapor present in the ampoule, €oéincidentally,
thoy also yield information regarding the stability of hydrazine vapor in the
presence of a glass surface at a high hydrazine pressure of about 7 atmos-
pheress It can be estimated from Figs 5 that the maximum amount of hydrazire
which could have decémpoesed in.the vapor. phase during any of these experiments
was approximately 0.1 percent of the total hydrazime. Because 2 perceut of
the hydrazine. ig intttally presenl im the vapor phase in the high-ullage
experiments, this indicates that the half-life of hydrazine vapor under these
conditions {s at ledst 170 hours. The implications of this upper limit on
the rate of decomposition of hydrazine vapor will be diseussed in a later

gegtion,

pecogpbattgon Rate as a Funotion of Time

It might bo anticipated that the décomposition rateof 1iquid hydrazine would
be constant with. time for small extents of decomposition: This was found not
to be the case, however, with propellant-grade hydrazine in. pyrex ampoules,
At 171 € (Fig. 2 and 3), the decomposition rate decreases with time from an
{nitial value of 0,060 percent per hour to approximately 04008 percent per
hour. At 128 ¢ (Fig. 4}, the rate in passivated ampoules decreases with
time from 0,0054 to 0,001k pércent per hour,

Because thé concentration of hydrazine remalne nearly constant in the liquid
phase at thesé small extents of reaction, the observed change in the
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decomposition rate with time indicates that the décomposition 6f propéllant-
grade liydrazine {n pyrex ampoules is not a simple homogeneous pyrolysis
reaction, A number of possible causes of the decrease¢ in rate with time
were considered and investigated:

1, The reaetion occurs heterogeneoitsly on the wall of the reactor
and the wall élowly becomes passivated.

‘e 2, The reaction is inhibited by the reaction product ammonia.

’ 3, The observed reaction involves an impurity (edither impurity-
catalyzed or & direct. reaction) and the fmpurity is either
depleted or slowly converted.to a nonreactive form.

4, The rate 18 an inverse function of the total pressure.

Tt will be shown on the following pages that (1) the reaction does not occur
predominantly on the reactor wall, (2) added amnonia does not decrease the
{nitial. decomposition rate, and (3) the impurity aniline does not react
directly with hydrazine under these conditions. It will be shown later
that the rate of the liquid-phase decomposition of purified hydrazine is
not a functiém of pressure,

On the basis of the results to be predented {n this section and those to
be présented later in the report regarding the role of {mpurities and the
effects of additives and lonic strenmgth, it has been concluded that the
rate of decomposition of propellant-grade hydrazine is determined by the
concentrations of trace impuritiés (probably invelving an acidic impurity
reacting with a trace metal ion), In terms of this proposed mechanism, ,
the most likely explanation for thé decrease in rate with time is that a _ A
trace impurity is slowly being removed at the glass surfdice or 48 being
converted to an inactive form by slow reaction with the hydrazine (e.g¢,
the conversion of metal {ons to a chelate or a complex fon) or with other
{mpuritiee (e.g., water), This expladation reguires that the removal of
the traee impuritied only éccurs at elevated temperatures, otherwise it
should oeccur during the storagé of the samples in glass bottles.
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Effect of Added Glass Susface. It was established previously that the
reaction.occurs in the 1iquid phase in glass ampoules ai elevated tempera~
turee, A series of experiments was conducted at 171 € to dotermine whether
this liquid-phasc reaction occurs.heterogeneously on the glass surface or
homegéneously in.the bulk ef the liquid. Four ampoules were loaded with
1,3 m{lliliters of propellant-grade hydrazine (1~104A) and heated for I
hour,. Twe of the ampoules had melting point capillary tubing present in
the 1iquid phase inereasing the surface in contact with th¢. liquid by a
factor of. 2,7, The results obtained were somewhat unexpected: the hydrazine
in each of the unpacked ampoules. had undergone 0,062 percent decomposition
whilé in each of the ampoulés with added glass, only 0.037 percent had
decomposed. This résult suggests that impurities are being removed on the
glags surface at 171 C, causing & marked.decrease in the rate even during
the first heur. However, later experimenié presented in the next para-
graph gave an increase in raté when the surface was increased.

The site of the reavtion of propeéllant-grade hydrazine (1-104A) in the.

glass reactors was investigated further by adding fine glass beads to the
ampoules. The beads increaséd. the surface area by a factor of 12 but only
increased the decomposition rate by a factor of approximately 3.5 (2.45
percent decomposed in 20 hours at 171 C). This indicates that the najor
portion (80 percent) of the decomposition of propellant-grade hydrazine
occure homogeneously in the liquid phase. It will be shown later, however,
that this homegeneous reaction is mainly impurity-catalyzed, No explanation
i8 apparent for the discrepancy between the two sets of experiments with
added glass but it may be related to the differénce in heating times: the
added glass was agqua regia-cleaned in each case (see Experimental Procédures).

Fffect of Added NH3 A seriés of experiments was ¢onducted to determine
the influence of added NH upon the decomposition rate of propellant-grade
hydrazine at 171 €. Twelve ampoulée. 6f propellant-grade hydrazine (I1~104A)
were heated for 20 hours at 171 C. Four contained 1.33 pércent addéd Nty
(equivalent to that riormally present after l-percent hydrazine decomposi-
tion); four contained 2.G7-percerit NM,. andd four wéré blaiiks with rie added
Nﬂ,. A1} foir ampoules contatning 2.G67-percent N"3 broke, présumably from
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the predsure of the ammonia, as did two eontaining the lower concehtration
of NI, (weaker ampoules of 5 mu ID Pyrex were employed in thése experiments),
The eurviving ampoules gave the following wésults:

-

Expeviment Initial Nng. Percent
nt

No, mole pere Decompsaed
261 1,33 0.51
267 1,33 0.55
268 0 0.77
269 0 0,74
270 0 0,72
271 t] 0.48

The results with. added NH1 suggest an inhibiting effect, but they are
almost within the usual scatter of the blank experiments, If the added

had no effect, about 0,7 pércent hydrazine should decompesé¢ in 20
hours (Fig. 2), whereas if NH; inbibition is responsible for the observed
decréase in rate in Fig. 2, only 0.4 percent shoiuld decompose (after
decomposing 1 percent in 30 hours, Fig. 2, propellant-grade hydrazine will
decompese 0.4 percent during the next 20 howrs).

Sinc¢ the results with added ij were inconclusive because the runs at
2,7-percent ammonia weré lost by ampoule breakage, additional. experiments
were conducted at higher NH3 concentrations in stronger ampoules. Quartz
reactors 6f 1 millimeter ID were used to prevent breakage. The heating
time was 22 hours in all experiments at a temperature of 171 C.

Only & few experiments were conducted in quartz with propellant-grade hy-
drazine during the prégram., The blank runs (no added NH3) gave percent
decompositions of 1.6, 1.9, 1,5, and 1,1, These are higher than the value
of 0,9 percent usually obtained in 3-millimeter ID pyrex ampoules., Because
the decomposition of propellant-grade hydrazine is partly heterogeneou. at
171 C(see above); much of this difference cen be aecounted for by the higher
sirfacé-to-voluné ratio of the l-millimeter ID capillasy.

25
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Three runs were made under the same conditions as above with. 7.8=percent
NH., added to the propellant~grade hydrazine. Oné¢ ampoulé broke and the
other two samples of hydrazine underwent deeonipesitions of 1.% and 1.6
percent, reapectively. It appears, therefore, that NH3.hnd no effact on

. the decomposition rate, and its buildup as 4 product docs not cause the
observed deorcase in decomposition rate with time (Fig, 2 ). BEight per-
ecent of added Nll3 is the egquivalent to that which would be present after
about 6 percent of the hydrazine decomposed in the absence of added NHS'
Thus, less thau 0.2 percent decomposition should oecur in 22 hours with
added NH3 if NH3 inhibition accounted for the effect in Fig, 2.

It is not surprising that NH3 does not inhibit the reaction because at

171 C most of the NH3 would be in the vapor phase. Lucien (Ref. 5 ) has
reported that NH3 does inhibit the liquid-phase decomposition of hydrazine;
hie results will be discussed later.

Direct Reaction of Aniline. A direct reaction with an impurity would be a
possible cause of the observed decrvase in the decomposition rate with time;
the rate would décrease as the impurity is consumed. A.poéssibility is the
direct hydrogeiation of the impurity aniline or toluene*. Oie possible
stoichiometry for such a reattion is. the following:

CeH N, + 3/2 Ny, ——> CgH) NI, + 3/2 N, (8)

in which each mele of aniline reacted leads to the formation of 1.5 molea

of norcondensable gas. Because the pereent hydrazine decompésed is cal-
culated from Eqs 7 , the complete reaction ef the 0.23 mole pereent aniline
initially present in this hydrazine (L-IO&) would give &4 ealculated percent
decomposition of 6.99 percent (0.23 % 1.5 x 3).

Thus, oné mechanism which is compatible with the obse¥ved results is that
the aniline reacts directly with the hydrazine during the first 30 to 100
hours, and after that the observed decomposition rate is that of aniline-
free hydrazine. This cxplanation is not tendble, however, since the results

*Toluene was found Lo be &i impurity. This will be discussed further in
a later section,
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prosented in the following paragraph show that meither the¢ aniline nor
the toluéne present in propellant-grade hydrazine is consumed during 39
hours of heating.

A series of experiments was conducted at 171 C to dete¥mine if a direct
resction occurred in propellant-grade hydrazine between the impurity aniline
and the hydrazine., Propellant-grade Wydrazine was introduced into five
2,.5-millimeter-ID glass capillaries, One was sealed .for a blank; the other
four were outgassed as usual and then sealéd. Two of the outgassed ampoules
were heated at 171 C for 39 hours. The other three empoules were stored

at room temperature. After breaking the ampoules in & dry box, analysis by
gas chromatography revealed that all five samples contained approximately
0.8 weight percent aniline (previous aniline values for this matérial were
0.67 and 0.69 weight percent--a standardization error is believed to acceunt
for the difference) and approximately 300 ppm teluene. It is apparent from
these results that aniline does not react with hydrazine at 171 C.

Stolchiometry

The percent hydregen im thé¢ noncondensable gases is listed in Table 1 for
those experiments in which it wae measured. These values ranged from 1 to
15 percent for propellant-grade hydrazines in pyrex ampoulés. This gives
values of "f£" according to Eg. 6 from 0.002 to 0.03 or 0.2 to 3 "percent
ammonia decomposed.” It is apparent, thereforé, that under these conditions
the reaction almost follows the possible stoichiometry (Eq. 5 ) in whieh no
hydrogen is formed. The implications of this with respéect t6 the reaction
mechanism involved will be discissed in a later section.

Effect of Temperature

For a simple veaction, the activation energy is usually measured to gain
additional insight into the reaction mechanism. 8ince it was shown
that the rate of decomposition of propellant-grade hydsazine décreases
with time at 171 € and 128 C, it is not possible to calculate a single
activation edergy.
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An attompt was made, however, to put these data into ai Arrhenius plot
in Fig. 6 because this permits diréct comparisons to be mede of. the
various éxpériments presented througheut this report, The data obtained
at temperatures other. than 171 C and 128 C are also listed.id Table 1
and are plotted as single points in. Fig, 6, At 90.C and 128 C, only
the results obtained in passivated ampoules are included in the plot.

The line drawn through the "pyrex" data in. Fig. 6 has a slope equiva-
lent to an activation energy of 20.5 kcal/mole.

RESULTS: PURIFIED HYDRAZINE IN PYREX

As a first step in establishing the role of impurities in the decompesition
of hydrazine, the rate parameters for the decompesition of specially puri-
fied hydrazines were measured in pyrex ampoules for comparison with the
results obtained with propellant-grade hydrazine. The experimental results
obtained are listed in Table 2.

Analysis of Hydrasine Samples

Two specially purified hydrazines were made available te this program through
the cooperation of the U.S. Air Force Rocket Propulsion Laboratory and the
0lin Mathiesoh Chemical Corporation. The Air Force material was prepared by
reduced pressure distillation, and the Olin material was purified by a frac-
tional cryatallization technigque. These samples of purified hydrazine and
other hydrazine samples available to the program weré carcfully amtlyzed
giving the results shown in Table 3. The detauils of the analytical methods
employed are given in a later section of this repsrt,

Decomposition Rate¢ as o Funetion
of Time and Temperuture

The data listed in Table 2 foi' Olin purificd hydraézine in pyrox at 171 ©
are plotted {n Fig., 7 (except for experiment 76 which gave a very Migh
rate). Based on the curve drawn in Fig. 7, the decomposition rate at

2R
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TABLE 2
RESULTS WITH PURIFIED HYDRAZINE IN GLASS AMPOULES
Peroent
Rydrazine
Pepeent
Hydrogén in Dec ompoded
Experiment Temperature, | Time, |[Noncondensable Per
) No. Cample C hours Products® |Total | Hour Remarks
- 49 Olin 171 16 25,1 0,040 |0.0025
50 16 22,4 0.05%6.00%53
75 2 21.6 0.012 0,006
76 8 3.6 0.60 [0,075 |High result
7 16 31.1 0.16 10,010
78 4 (20)b 0.14 {0.0033
79 96 24,4 0.13 |0,001%4
81 208 20 0,38 {0.0019
83 305 20 0.59 |0.0020
93 20 20 0:16 |0.0082
94 20 20 0.11 |0.0055
110 20 20 0.11 |0,0055
111 20 20 0.11 {0.0055
114 32 20 0.15 [0.0048
120 32 20 0.26 [0,0082
121 32 20 0.21 {0.0065
512° 2.8 20 0.0200.0071
517° \J 2.4 14,3 0.023|0,0103
255 128 40 20 0.117/0.0029
256 128 40 20 0.143/0,0035
183 210 1.1 bt 0.06310,057 | 3-om ID pyrex
272 48 16.4 3.22 (0.067 |1.5-mm ID pyrex
‘ 273 48 7.7 2.5 [0.052
274 24 (20) 2.4 |0,100
275 24 7.3 2.6 |0.100
276, 48 18,1 2.1 |0.044
325d 16 $20; 1.52 [0.095 |2-mm ID quartz
3274 23 20 1.45 0,063
N 328, 51 19.6 2,62 |0.064
329 53 (20) 3,70 10,070
330 4 29.4 0.57 |0.14
295 RPL~-PUR 171 20 (15) 0,045 0, 0022
996 20 13.0 0.04% |0,0022
297 20 (15) 0.031/06.0015
208 40 13.1 0.077/0.0019
299 40 15 0.068/0,0017
300 40 15 0.058{0,00814
382 66 15 0,22 16,0033
38% 66 13.5 0.29 |0.0044
384 66 215 0,37 [0.0056
154° Y v 66 20 0.38 |0.0058 |
31
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TABLE 2

(Conciunded)
- Petaent
Hydrazme
Porcent :
liydrogon. in Docomposed
Experiment Temperaturc,|Time, #onopndonsnblo Por
___No. _|Sample ¢ hours |  Products® [Total |Hour Remarks
455% | RPL-PUR 171 66 (20) 0.46 0,0070
2568 66 28,3 0.3 |0.0052
457° 66 (20) 0.36 |0.0055
8io® 72 15.9 0.14 [6.0019
811° 72 11.6 0.16 |0.0022
8u e 24 24,1 0.13 [0.0054
848° 24 (15) 0.15 |0.0062
950° 34 14.0 0.14 {0,0058
951° v 24 (15) 0.11 |0.0046
537° 128 24 1.2 0.019/0.08079
538° 109 2,3 0.087{0.00080
539° 12 52; '~ 0,009%0.00077
540° 1 2 0.00500.0050 | High Result
541°¢ 292 11.2 0.182|0,00062
549° 8 2 0..0085|0, 0011
543° 3 2 0.0047/0,0016
544° Y 5 2 0.0064{0,0013
349 205 3 (23 0.14 (0,047
351 12 23,5 0.5% |0.043
353 13 23; 0.33 |0.025
354 13 §23- 0.57 [0.044
355 13 24,7 0.43 [0.0%3
356 13 23 0.54% |0.042
357 13 23 0.43 [0.033
358, ' 13 23, 0.35 |0.027
725 on2 5..3 12 0.80 [0.15
226° 242 5, 12 0.87 [0.16
733¢ 346 1 12 0.25 (0,25
| 7348 1 12 0.26 |0.26
: 735° 1 12 0.20 [0.20
) 7365 5 37 1.18 |0.24
737 ; 5 23 1.54 |0.31

filling.

%This value is the percent hydrogen, P, in nonc.ndensable products (Ng + HB).
bThe value of R for use in Eq. 6 is given by P/(100 - P).
Values in parenthesés were estimated from results of similar experiments.
The effect of error in this valve on. percent hydrazine decomposed can be
caleulated from Fig, 1 or Eq. 7.

In these expériments, ompoules vere passivated evernight with hydruzine before

ih othier experiments, the ampoules were eleaned but not pnssivated.
; These experiments were in quarts ampoulea=--othor:in pyrex
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TABLE 3

HYDRAZ INE ANALYSIB

_ Coﬁponition. veight pn;eonf
Sample szulc 0 Nll., Aniline|Velucue | Fe c"ﬁﬁ%c
, Bastman (95 Percent){ 98.9| 0.64 | 0,03 0.42 | 0,03
- MCB (9% Percent) 99,1 0,45 | 0.07] 0.97 | 6,03
RPL-1i-3085° 98.8| 0.70 | 0,03 0.49 | 0,01 |<107?
RPL-1i-1726 98.8| 0.74 | 0,03 0.49 | 6.0t |<107?
RPL-k-690° 98.8| 0.77 | 0.05| 0.6 | 0,01 |<107?
Lot-104A" {98.3| o0.85 | 0.20] 0.67 | 0.03 |o.00010] 0,025
Loi=1640? 98.4| 0,70 | 0,18/ 0.66 | 0.020
Olin Purified 99,7(0.2-0.3|<0.1 | 0.0049 ao™ | «o’
Olin Mother Liquer |94.5| 4.7 .03 0.74 0.0026
RPL Purified No. 1 [99.3| 0.38 |<0.01] 0,26 | 0,0002% 0.015
i-" | RPL Purified No. 2 |99.6[ 0.24 [<0.01 0.15 <™

gTypieal propellant-gtade hydrazine from RPL,

Propellant-gradeé f¥om Rocketdyne tank.
Coarbazic acld assuming that all COy liberated when sample is placed .
in sulfurie aeid comes from carbazic acid. o

171 C decreases from an initial rate of 0.008 to €.001% percent per hour.
Thus, the rates obtained with the Olin purified hydrazine are about a fao-
tor of 7 lower than these obtained with propellant-grade hydrazine. This
{ndicates that the thermal stability of propellant-grade hydrazine is con-
trolled by impurities which are removed by the 0lin purification process.

The rates obtained in pyrex at 171 C with the RPL purified hydrazine (Thble
2 ) show considerably more scatter than do the results with the 0lin puri-
fied hydrazine, but the average deeomposition rate is about the same (0.00%9
percent per hour for the RPL purified). This indicates that distillation

{s also an effcctive method of inéreasing thermal stability. It is of
interest that the average rate in the prepassivoted ampeules was about

33
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6@-parcant higher than that ebtained in unpassivated ampeules, This may
result frem the fact that prepellant-grade hydrazine was emplayed in the
pasdivation process, and is an indication that eortain trace impurities
way be rate-~detormining,

Much of the remaindesr of the data {n Table 2 will bhe discussed later in
conncetiun with various exporiments for whieh these data represent the
baseline, Howover, it may be seen by comparing the rates listod in Table
2 with the propellant-grade/pyrex eurve in Fig. 6 that both purifiod
hydrazines give rotes at oll temperatures which ave nearly an order-of-
magnitude lower than tho§e obtained with propellant-grade hydrazine.

f£ G face

A sories of experiments was conducted to determine whether the slow decom-
position of purified hydrazine occurred on the reactor wall or homogenrcously
in the bulk liquid. Three 22-hour experiments were carried out at 172 €
with.glass beads added to the Olin purifled hydrazine. The beads inerocased
the glass surfaee in contact with the hydrazine by factors of 7.3, 9.0, and
12,4 in the three reactors and the amount decomposed increased by factors
of 22, 19, and 30, respectively, over that in the unpacked reactor (2.90,
2,42, and 3.96 percent versus 0.13 percent).

L
These fesults apparently c¢stablish that the decompesition ef purified hydra-
zine i8 predominantly heterogencous at 172 €, The fact that the rate of
decomposition increases more rapidly than the ineréase in aurface area
would indiecate that the beads have a surfaee which is motre active towards
the dotempusition of hydrazine than i the wall of the Pyvex capillary
tubing. Another possible explanation is that the glass surface introduces
trace impurities into the hydrazine,

These results with added glass surface indieate that the kinetiea and
mechanism of the ihhefent homogeneous decompesition of liquid hydrézine
catinot bé studied unless a method can be found to inhibit the rate of
decomposition on the glassd surface. It will be seen later that methods
were discovered under this program which do detiease the heteiegerieous
décompoaition by anothei order-of-imagnitude.

34
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Quarty ampoules were emplayed in #ome experiments at high:r tomperatures
because it s less likely that atrains will develep during the asealing
process, It was expoetod that this weuld reduce ampoule broakage at the
highor vapor presauvcs. The Okin purified hydrazine was tested at 210 C
{n-@~mn ID quarts ampoules. Tho reaults obtained at 4, 15, 2%, 41, 5%,

ond o9 hours gave an epproximately lincar decomposition rate of 0,060
porcont per hour (Table 2). It is shown in Tablo 4 that tue same avoroge
rate is obtained with the Olin purified hydrazime at 210 C in pyrex and
quartz ampoules if a correoction is mado for the difference in the surfaces
to-volume ratio of the ampoule (Table 2); it was showt above that most of
the reaction apparently occurs on the wall of the reactor, It thus appears
that quartz and pyrex surfaces are comparable in adtivity as sites for the
heterogeneous decomposition of hydrazine. The RPL purified hHydraszine also
gives about the same rate im pyrex at 205 ¢ (Tables 2 and 4 ),

TABLE 4

COMPARISON OF RESULTS OBTAINED IN
QUARTZ AND- PYREX AMPOULES

Avorage Rate, percent
decomposed per hour

Temperature,

Sample Ampoule Cc 1.5em | 2,0 mm | 3.0 o
Olin Mathieson | Pyrex 210 0.087 | (0.065)* | (0.043)
Purified
0lin Mathieson | Quartz 210 (0.080) | 0.060 | (0.040)
Purified
RPL Purified | Quartz| 205 (0.070) | (0.052) | 0.035

#*Values in parenthesis are corredted for internal diameter of
ampoule, assuming the raté is inversely proportional to the
diameter.
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Lucien (Ref. 9 ) hos published data which indicate that the rate of thormal
decomposition ef liguid hydrozine is strongly predsure dependent at temper-
atures around 2950 C. Experiments were conducted with the RPL purified
hydrazine to determine if this reported pressure cffect is real (liquid-
phase reactions are not expected te shew & marked pressure dependence).

The initial pressure was varied by the addition of the inert gas argen to
cach ampoule. The results of these S-hour experiments at 246 C are pre-

gented in Table 5 (hydrazine volume of 0,126 milliliter and ullage volume
of 0.75 milliliter):

TABLE 5

EFFECT OF PRESSURE ON DECOMPOSITION
RATE OF PURIFIED HYDRAZINE

Initial Argon | Initial Total | Decomposition,

Experiment | Pressure, psi | Pressure, psi*|  percent

756 o 340 1.18

737 0 340 1.54

739 131 471 1.36

749 170 510 1.76

741 166 506 1.31

244 264 604 . 1,16

#Initial argon pressure plus hydrazine vapor pressure

These results c¢learly demonstrate that the rate of hydrazine decompésition
is not pressure dependent., According to Lucien's results (Ref. 5 ), the
rate should increase dramatically when the total pressure minus the vapér
pressure of hydrazine drops below about 100 psia, and an explosion sheuld
occur below 10 psia. Because all of our experimenits start with only the
vapor pressure of hydrazine, they should therefoire immédiately explode--
which they do not. The rates reperted by Lucien at 250 € are higher by
factors of ? to 15 thah those reported heére under similar conditions.
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Effect of Mercury

Experiments were condvcted to determine whether mercury (the confining
medium in Lucien's apparatus) tatalyzes the decomposition of hydrazine.
At 246 C, the addition of 0.4, 0.8, and 1.1 milliliter of mercury was
found to have no influence upon the. rate of decomposition of RPL purified
hydrazine., Rates of 0.25 percent per hour were ohtained with mercury
added and in glass ampoules alone.

Effect of Ullage

A set of 5.3-hour experiments was conducted to determine the effect of the
ratio of gas ullage to liquid hydrazine volume upen the decomposition rate
of RPL purified hydrazine at 242 C. An appreciable contribution of vapor-
phase reaction under these conditions would partially explain Lucien's
pressure effect because the ullage volume in his system was iuversely
proportional to the pressure (under his constant pressure conditions).

The results obtained are presemnted in Table 6 .

TABLE 6

EFFECT OF ULLAGE VOLUME ON DECOMPOSITION
RATE OF PURIFIED RYDRAZINE

Volume | Volume |Final Total|Final Product]
Hydrazine,| Ullage, Pressure, |Gas Pressure,|Decomposition,
Experiment|milliliters milliliters pai* psl _ percent
724 0.126 o.7u | 365 51 1.18
725 0.376 0.549 478 146 0.80
726 0.376 0.556 488 156 0.87
727 0.753 0.130 1197 865 0.58
728 0.753 ~ 0,088 1672 1340 10,61

*Product gas pressure plus hydraziné vapor pressure. Ammonia i assumed
to have & low solubility in hydrazine at this temperaturs.
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These results could be constyrued as indicating a slight pressure effect.
However, the previeus set of experiments shows that this is not the case,
The results of these experiments indicate that vapoer decemposition in the
reactor ullage is not negligible with purified hydrazine at this tempera-
ture, but the wajority of the reaction does occur in the 1iquid phase.

Discussion of Lucien's Results

Lucien (Ref. 5 ) studied the isotheérmal, constant pressure decomposition
of hydrazine and of hydrazine-ammonia mixtures. His apparatus consisted
of a glass J-tube immersed in a constant temperature bath. The bettom
of the J was filled with mercury. The upper part of the short leg was
the reaction chamber and in the long leg a constant nitrogen pressure
was maintained above the mercury celumn.

No explanatien is evident which will explain all of Luciems results; he
found a marked pressure effect, an inhibiting effect of ammonia, and.a
very high activation energy of about 72 kecal/mole.. It is possible, how-
ever, that he may have been measuring mainly a vapor-phase reaction in

the reactor ullage because his ullage volume was not fixed (as in this
study), but rather, varied inversely with the total pressure on the system.
This would not explain, however, why le obtained higher rates than reported
here. in the earlier part of some of his éxperiments where the ullage volume
to liquid volume was the same as in the sealed ampoules.

It is possible that ammenia inhibits the decompesition of hydrazine vaper
but not the liquid-phase decomposition. If Lucien were measurihg a vapor-
phase reaction, he would then observe an inhibiting effeet of ammenia
whereas ammonia would net affect the decemposition 6f propellart-grade
hydrazine because the ullage redction is negligible under these conditions.
Afmhonia would have a better charice of inmhibiting the vapor-phase feaction
because at these high teiperatures, most of the armmonia present in the
system will be in the gas phase rathier than dissolved in the hydrazine
liguid phase.
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Kerstein (Ref. 14) concludes that Lucien was prebably measuring a vapor-
phase reaetion., He proposes the following nechanism:

NoH, (1iquid) ——— N H, * (vas) (9)
N H,* —> 2N, —> products (10)
NH % + X = NH, + X* (11)

He attributes the detrease in reaction rate with increasing pressure to
reaction (11).

Eberstein accounts for the high activation energy observed by Lucien by
adding the heat of vaporization to the bond dissociatidn energy of hydra-
zine. A simpler mechanism, in which the hydrazine vapor decompeses by a
first-order process with an activation energy of 60 kcal/mole, would give
the same apparent activation energy (70 kcal/mole) because the concentra-
tion of hydrazine would be maintained at its vapor pressure. There is a
problem with this mechdnism; however. Shock tube data have shown that

the homogeneous vapor-phase decomposition of hydrazine would be slow at
these temperatures, and a heterogeneous vapor decemposition reaction would
be expected to have a considerably lower activation energy.

#

Stoichiometry

It may be seen from Table 2 that thc amourits of hydrogen formed from the
decomposition of the purified hydrasgines are, on the avérage. higher than
from propellant-grade hydrazine in pyrex émpoules. The percent hydrogen
rangéd from 14 to 31 with the Olin purified hydraziné (3- to 9-p.reent
emiiofiia decomposéd) and from 1 to 37 percent with the RPL purified hydrazin®
(6.9- to 12-percent ammonia décomposed).

39/%0

80

JPL Technical Merhorandum 33-561

N A = AT SR SRR




RATE AND KINETIC PARAMETERS OF
HETEROGENEOUS DECOMPOSITION

The kinetic# of the heterogeneous decomposition of liquid hydrazine on
métal surfaces was investigated in some detail because this is the mode

of decomposition most likely to be of practical interest. Pyrex ampoules
were again employed but in this case each ampoule contained a metal speci-
men in contact with the liquid hydrazine. In most experiments, the metal
was in the form of a tube open on both ends and having a geometrical sur-
face area of 1.0 cm2 (compared with the .approximately & cm2 of glass in
contact with the liquid), and the ampoule contained 0.3 ml of hydrazine.

It was found, as anticipated, that the heterogeneous decomposition rate is
markedly affected by the type of metal employed and by the procedure used
to clean and treat the metal specimens. Data illustrating this effect will
be presented later in this section.

A "standard" metal surface was employed. for many of. the experiments relating
10 heterogeneous decemposition s8¢ that the effects of parameters other than
the type and coridition of the surface could be cempared. The metal chosen
for this was type-321 stainless steel which had been cleaned in boiling
trithloroethyléne, passivated at room temperature in propellant-grade hy- .
drazine for 24 hours, rinsed in distilled water, and dried. It was beyond
the scope of this program to deteramine the optimum alloys and cleaning pro-
cedure with respect to compatibility with hydrazine. It should not be
construed, therefore, that this stahdard metal surface necessarily repre- ~
sents the optimum condition for storage of hydrazine. For thése standard
condition tests, the ampoules (but net the metal specimens) were cleaned
in aqua-regia as usual, ard both the ampoules and the speciméns were
passivated with liydrazine.

The use of the standard 321 stainléss-steel surfaece turned out to beé in-
convenient in ome respect. With propellant-girade hydrazine; the increase
in the decomposition rate resulting from the addition of this surfdce was
dbout tlie same as the rate obtaified in the empty, passivated pvréx ampoulés

41
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resulting in rather sizeable blank corrections under these conditions.
It will be seen, however, that under.most of the other conditions inves-
tigated, the rate in the absence of the.metal surface was considérably
slower than with the standard metal surface present. A metal less com-
patible with hydrazine than 321 stainless steel could have been used but
this would have given conditions mu¢h different from those of practical
interest.

RESULTS: PROPELLANT-GRADE HYDRAZINE ON
STANDARD 321 STAINLESS STEEL

The kinetic parameters were measured in the presence of the standard 321
stainless-steel surface over a range of temperatures, and 128 C was selected
as the most convenient temperature for studying the effects of parameters
other than temperature on the heterogeneous decomposition rate.

The results obtained with propellant-grade hydrazine under these conditions
are presented at the top of Table 7. All of these data were obtained under
the standard conditiens deseribed above. The total pereent hydrazine decom-
posed (before co¥recting for the amount which would have deeomposed in

the absence of the metal specimen) dre plotted as a function of heating

time in Fig. 8 (upper curve) for the experiments at 128 C. It may be seen
that the heterogencous decomposition rate on metal appears to be approxi-
mately linear with time (with a slight indicatien of an induction peried).
The dotted curve in Fig. 8 repiresents the reaction rate with propellant-grade
bydrazine in the absence of metal surface (this curve is taken from Fig. 4 ).
The average hetérogeneous decomposition rate for propéllant-giade hydrazine
at 128 C was ebtained from Fig. 8 by taking the différence between the slope
of the upper line and the average slope of the dotted curve (blank conditions).
This value of 0.002% percent decompesed per hour is plotted (O) at 128 C

in the Arrhenius plot of Fig. 6. It happens to fall in the center of the
rangé of valueés which represent the decomposition rate in thé adpoule alone
at various lieatirng tines.

42
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Jiffeet of Temperature

The remaining data with. propellant-grade hydrazine in Tuble 7 , ohtuined

at temperatures other than 128 C, are corrected for the blank detomposition
rates as deserihed in the footnotes of the table, and are also plotted in
Fig. 6. The corrected rates at 171 ¢ (ninth column of Table 7.) ure ap-
proximately linear with time (within the scatter of the results) and have
an average vialue of 0.067 percent per hour (which is plotted in Fig. 6 ).
The heterogeneous rate at 187 C appears to increase with time with an
average value of 0,13, The corrected rate is 0.19 at 203 C and the average
value at 227 C is 0.91 percent per hour.

The single experiment at 90 C in which the area ef the standard metal spe-
cimen was 1 o (Experiment 720 of Table 7 ), gave a heterogencous decom-
position rate of 1.5 x 10'“ percent per hour and this value is plotted in
Fig. 0 using the symbol 0. However, the three experiments at 90 C in
which the size of the specimens were increased to a geometric surface area
of 3 ch gave an average corrected rate of 1.7 x 10-h, which is about the
game as wabk obtained with a 1 cm2 spécimen. This rate was divided by 3
before plotting in Fig. 6 becuuse the rates listed there are in percent
per hour per cm2 of metal surface; the resulting value represented by the
symbol C), of course falls below the other point, This suggests the int-
eresting possibility that the observed "heterogeneous" decomposition rate
is not directly proportional to the area of the dietal surface which is
present. This effect was investigated in detuil and the results, presented
in the next section, indicate that this is the case.¥*

The activation energy for the heterogenecus decomposition of propellant-
grade hydrazine on 321 stuinless steel, obtained from Fig., 6, is 24,7
keal/mole (compared to o similuf activation energy of 20.5 kcul/mole
obtained in the absente of metal,

*Po eimplify the discussioii, the term hetéiogeneous deécomposition is used
throughdut this report even thoigh part of the éffect of a metal surface
gay result from the intioduction of impurities which eatalyze the homoge-
notis ireaction.

h6é
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Effect of Metal Surface Geometry

A series of experiments was conducteéd to determine the effect of varying
the total surface area and geometry of the standard 321 stainleses steel
specimens upon the rate of decomposition of propellant-grade hydrazine

at 128 C, It was of partieular interest to determine whether the decom-
poaitien rate is proportional to the surface area of thée metal and if the
‘ & decomposition ocours more rapidly at the freshly cut end of the specimen,
’ The procedure consisted of cutting a 1/16-inch 321 stainless steel tubing
into seetions having total surface areas of 1 and 3 cm2, respectively,
The surface area aud geometry was. varied by changing the number and size
of sections added to each ampoule. The specimers and ampoules were cleaned
and passivated with hydrazine in the usual manner for the standard condi-
tions, and the ampoules were heated for 24 hours at 128 C. 'wlie results
are presented in Table 8.

The results in Table 8 are somewhat inconclusive because of the scatter
in the data and the rather large blank correction. When the number. of
1-cm® sections is varied, the corrected rate is approximately propertional
to the number of specimen sections present. However, the rate in the \
presence 9f one specimen with a total surface area of 3 cm2 is about omne- )
half that obtained with three l-cm2 specimens.

One éxplanation of these results would be that the decomposition occurs
more rapidly on the ends of the specimen which were cut during their

| preparation (from long tubular stock). Another possibility is that all h
Y of the increas¢ in rate when metal specimens are added does not eome frém
simple heterogeneous surface decomposition but instead some of the increase
results from the dissolutfien of trace metal impurities into the liquid.
This latter process could o¢cur more rapidly at the cut ends of the
apecimen.

The possibility that trace metal contaminants play a major role in the
decomposition of hydrazine is ih agreément with some of the results, reported
in later sections, wiiich rélate to the role of impuritiés and to reaction
mechédnism.

LY
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TABLE &

EFFECT OF METAL SURFACE GEOMETIY ON DECOMPOSITION
OF PROPELLANT-GRADE HYDRAZINE (24 HOURS AT
128 ¢, STANDARD 321 STAINLESS STEEL)

Corrected
Total Area of | Number Percent Percent
321 Stainless of Decomposed | Decomposed.
Experiment | Steel, cm Sections | Per Hour Per Hour* | Average |
759 3 3 0.0092 0.0049 | 0,005
760 3 3 0.0096 0.0053
761 3 3 0.0083 0.0040
762 3 3 0.0117 0.0074
763 3 1 0.0071 0.0028 0.0028
264 3 1 0.0071 0.0028 l
765 3 1 0.0071 ¢. 0028
766 2 2 0.0067 0. 0024 0.0030
767 2 2 0.0079 0.0036
768 1 1 0.0058 0.0015 0.0020
769 1 1 0.0063% 0.0020
776 1 1 0.0063 0.0020
71 1 1 0.0067 0.0024
772 1 1 0.006% 0.0020
773 0 0 0. 0046
774 0 0 0. 0042
775 0 0 0.0042
#(btained by subtracting rate in absenee of metal, 0.004%, from
mehsured rate.
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Steichiometry

It may be seen from Tablo 7 that, with the éxcoption of one experiment, the
percont hydrogen formed froa propellant-grade hydrazize in the preaence of
a standard. 321 stainless-steel specimen ranged from 3 to 12 percest, fThis
eorresponds to 0.5~ to 2,4~percent amuonia decompes.d,

RESULTS: PURIFTED HYDRAZINE ON STANDARD
321 STAINLESS STEEL

The results obtained with the RPL pur{fied (distilled) hydrazine at 128 C
with 321 stainless steel are listéd in Table 7, The total percent decom-
posed in each experiment (uncorrcei¢d for veaction in the absence of the
metal specimen) are plovted in Fig, 8, As shown in Fig, 8, the puriffed
hydrazine decomposes mor¢ slowly than propellant-grade. for about 1 day and
then. its decomposition rate hedomes about the samé. as that of propellant-
grade hydrazine, It may be recalled that in the absence of the metal
surfece, the purified hydrazines decomposed. at rates. which were nearly an
order-of-magnitude lower than those. obtained with propellant-grade hydrazine. -
Data from Table 2 are plotted in the lower curve of Fig. 8, It may be seen ‘
] " 5 , rtal e . - \ . ed Yyirazine give .

The fact that the rate with purified hydreziné in the presence of a. metal

surface increases after about 1 day (Fig. 8) presents again the possibility
that some very éficctive trace impurity is being léached out of the alley ’7
during this period, It might reach its "solubility limit" after 1 duy at .
vwhich time the purified hydrazine would then behave as does propellant-grade, ‘

Another poseiblé explanation, which does not easily acceunt for the low
in{tial rate with purified hydrazine, 1s that the rate of the lieterogeneous
decomposition reaction on metal is independent of the purity of the hydrazine
whereas the decomposition which oceurs in the absence of thé metal surface
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{s jwpurity-catalyzed, If thias explanation in correet, it is metely a
coincidence that propellant-grade hydrarzine docompuodos at ahout tho same
rate and with the same aetivation ororgy beth in the presence and absence
of a metal surface., Howover, this weuld nét appear very prohahle., Also,
it will bo shown later that the rate in the presence ol a metal surface can
be reduced by about an ordér-ef-magnitude by pretreating the hydrazine with
Ba0,

Btoichiometry

It may be seen from-Table 7 that the percent hydrogen formed from RPL
purified hydrazine in the presence of 321 stainless steel ranges from 3
to 29 percent. This corresponds to 0.5~ te B-percent ammonia decomposed

(qu 6 )‘
RESULTS WITH VARIOUS METAL SURFAGES

During the course of this investigation, duta was obtained pertaining to
the rate of hydrozine decompositionw on a variety of. metal surfaces other
than the standard 321 sthinless-steel surface for which the results have
already been presented. The restlts obitained with various metals are
présented and discussed in this section. No effort was made to optimize
the cleaning and passivation precedure fer any of the metals. Therefore,
the results presented here. for a given metal or alloy should not be taken
as having established its utility for use with hydrazine. This is partic-
ularly true because it was found thai the cleaning and passivation tech-
niques employed with a given metal surface ceuld markedly affect the
hydrazine decompesition rate.

The results with various metals will he presented in approximately the

ordér in which they were obtained, becduse some changes were incorpordted
in the procedure employed during the course .f the investigation.
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aegxl;12512£oggllaggbggado Hydrazine, 93 C

Initial experiments wore conducted with “as-received" beryliium wire. It
was found that the wire vwas e¢overed with a .coating which. f1aked off when
placed in hydrazine. When the hydrazine was outgdssed, bubbling occurred
both at the surface of the wire and on the flakés of coating which had
fallen to the bottom of the tube., Three of the tubés were sealed after
outgassing and stored at room temperature. They were opened after 2,

17, and 840 hours and had undergone 0.07-, 0.04-, and 0.65-percent decom-
position, respectively, indicating that a slow reaction conhtinued at room
temperature. A fourth ampoule was heated for 2 hours at 93 C and then held
at roon temperature for 35 days (gas measuring system was being remodeled).
It underwent 1.8-gercent hydrazine decomposition.

These résults with "as-received" beryllium ave not comsidered.portie’ ‘arly

significant because it became obvious that some type of coating was fnitially
present on the wire.

AY, Ni, Fe/Olin Pugified Hydrazine, 171 €

A seri¢s of experiments was conducted to determine the rate of decomposition
of liquid Olin purified hydrazine on the surfacés of high-purity Ni, Fe, and
Al wires. A 3-centimeter length of wire was immersed in 0.3 milliliter of

the purified hydrazine in each glass ampoule (four ampoules for each metal).

The wires were 1 millimeter in diameter. Two different wire ¢leaning pro-
cedures were compared td determine if they affected the decomposition rates:
(1) after 1 hour in contentrated nitrie acid, rinse with distilied water

and oven dry, and (2) serape vith emery cloth and wipe clean. The ampoules
were all heated to 171 C for 15 hours.

The ampoulés containing Ni or Fe wire all hroke during this heating period,
tndicating that considerable decomposition had occurred {greater than &
to 10 percent). However, all of the ampoules contairiing Al wire remaided
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intact and gave the fellowing resulta:

Run Troeatment Percent Decoaponred “i7a2*
179 Nitric Acid 0.%2 3.5
e | Nitric Acid | 0.30 23
14l Emery Cloth 0.59 6.4
142 Emery Cloth 0.%6 6.9

*R; is rate in the presence of metal Ry is rate
in the absence of metal (Fig. 8 )

The geometrie surface area of thc aluminum wire in the preceding experiments
was 0,99 cmg corpared to the 4 cm of . glass in contact with the liquid.
Therefore, the purified hydrazine decomposes approximately 10 times faster
(per unit geometric area) on the nitric acid cleaned Al.wire than on the
pyrex reaetor wall

1, Ni, Fe, and Stainless Steels
Propeliant-Grade Hydrazine, 171 €

The rate of decomposition of 1iquid propellant-grade hydrazine (L-104A) was
measured on several metal surfaces at a temperature of 171 C. The metals were
high-purity Fe, Ni, and Al, and 304, 316, 321, and 347 stainless steels, and
the experiments were conrducted in 3-millimeter ID pyrex tubing with the

metal submérged in the. liquid phase. The pure metals were in the form. of
1-millimeter diameter wire, and the stainless steel was 1/16~inch OD tubing;
the metal surfaces were cleaned with coneentiratéd nitric acid. The heating
time was limited to 0.6 hour.at this temperature te prevent the ampoules

£rom breaking from excess pressure buildup in the presence of theé most

active metal surface (which was Ni in this series).

The resilts of this series of éxpériments are presented in Table 9. As

the metul samples were not all of the same diameter, thé percent decomposi<
tions in the presence of metal were corrécted to a geometric metal surface

52
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TABLE ¢

DECOMPOSITION OF PROPELIANT-GRADE RYDRAZINE

ON VARIOUS METAL SURFACES
(171 ¢, 0.6-Nour Hoating Time)

Exporiment Percent Percont
No, Metal Surface Decomposed | Hydrogen
156 None 0.012 30.6-
159 None 0.013 - -
166 Noneé 0.014 - -
155 Fe (pure) 1.37 0.8
157 Fe (pure 1.30 0.8
158 Fe (pure 0.37 2.0
160 N{ (puré 3.00 1.5
161 Ni (pure * - -
162 Ni (pure 2.08 3.1
163 Al (pure 0.016 33.9
164 Al (pure 0.007 -
165 Al (pure 0.015 28,0
167 304 Stainless Steel 0.16 -
168 304 Stainless Steel 0.13 - -
169 304 Stainless Steel | 0.089 4.3
170 304 Stainless Steel 0.15 3.5
171 316 Stainless Steel * - -
172 316 Stainless Steel * -
173 316 Stainless Steel 0.32 - -
174 316 Stainless Steel 1.76 1.7
175 321 Staimless Steel 0.15 - -
176 321 Stainless Steel 0.13 2,8
177 321 Stainless Steel 0.13 2.8
179 347 Stainless Steel 0.44 - -
180 347 Stainless Steel 0-.56 0.8
181 347 Stainless Steel .55 1.7
182 347 Stainless Steel 0.49 1.9

*Ampoulé broke
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area of 1 cmg. In the absence of added métal, the propellant-grade hydra-
zine gave enly 6,013-percént decomposition under these cenditions, in this
series of oxperiménts, and the noncondensable product was about 30-percent
hydrogen and 70-percent nitroghn.

The presence of the pure nluminum wire did not increase the deeoniposition
rate of the propellant-grade hydrazine. It was rcpoited above that the same
aluminum wire did increase the decomposition rate of the Olin purified
hydrazine at 171 ¢, but enly by a factor of about 2.A (a direct comparison
connot be madé because the heating time was 15 hours with the purified
hydrazine).

As may be seen from the data in Tablev9 the wires of pure Fe and Ni
increased the decomposition rate by factors of about 100 and 200, respee-
tively. The percent hydrogen in the gaseous product was small (1 te3
percent) in these experiments.

The various stainless steels were found to show marked differences in their
effect on the rate of hydrezine decompoéittoh.(Table 9 ). The rates in. the
presence of the 304 and 321 stainless steel were about 10 times those in the
absence of metal. This facter was about 40 with 347 stainless steel. The
316 stainless steel gave the highest rate of the stainless steels (a fecter
of 130 in one experiment), but the results with this metal were erratic and
two of the ampoules broke, presumably from execessive pressure buildup: The
raté obtained with 321 stainless steel under these conditions (nitric acid
cleaned and not passivated with hydraziné) are higher by more than 4 faetor
of % thun the rates obtained at 171 C with the standard %21 stainless steel
surface (Table 7).

347 apd 321 Stainless Steel/Propellant-
meﬂ’ H!ﬂ!u’ v, m .. 22' 90

A series of experiments vas conduéted at 9% € to determine the decomposition
rate of propéllant-grade hydrazine on 347 stainless steel as a funetion of
heating time. The metal wdas cleaned in trichloroethylene and treatéed with
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nitric acid but vas not passivated with hydrazine. This alley was found
(Table 9 ) to have an activity greater than that of 304 and 321 stainlese
stoel, but less than that of 316 stainluss atecl (0.6 heur at 171 C). The
dato points (Fig. 9 ) werc obtained from 4 to 564 hours at 95 C. The
results fall on an approximnte straight line, with zero intercept and a
slope of 0,005 percent per hour. The average acatter in the data around
the line is 15 pereent.

Two experiments with 321 stainless steel were included in the series at
95 € for comparibon with 347 stainless steel under these eonditions (Fig.
9 ). At 94 hours, the percent decomposed was the same with 321 stainless
bteel as with 347 stainless steel, and at 264 hours the propellant-grade
hydrazine had decomposed 0.44 percent with 32) stainless steel compared

to 0,50 percent with 347 stainless steel.

The rate for 321 stainless steel in Fig: 9 is higher than that obtaiied
at 90 € under standard conditions (Table 7 ) by about a factor. of 30.
Presumably, this results mainly from the difference in.the method of sur-
fdce preparation. Also, thé blank rates in Fig. 9 are higher than. those
obtained in passivated ampoules (Fig. 6 ) by about a facter of three.
However, these blanks were not high enough to imterfere with the surface
reaction being measured,

The above experiments, conducted at 95 C to determine the most convenient
température at which to conduct detailed kinetic studies on these metal
surfaces, made it evident that the rate is inconveniently slow at 95 C. A
N Calculations based on these results indicated that approximately 130 C
would be the mosi convenient tempeérature.

1 e, Be; . Sta 5. Steels
Propellant-Grade zine

A seriés of 2B-hour experiménts was conductéd at 128 C with propellant-grade
hydrazine t6 compare varicus metals at this température. Triplicate teits
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were fun vith each of the following wetals: Ni, Fe, AL, Be, and 304, 316,
321, end 347 wtainless ateel. A general description of the 500-series
stainless stecls used on this program is given imn the Appendix. The metals
wore eleaned with trishloroethylene and troated with nitric acid. A)l of
the ampoules which centaired Ni, Fe, 316, or. 347 stainless steel were
found broken after 28 hours of heating. Twe of the ampoules containing

321 stdinless stecl and onc of the ampoules containing 304 stainless steel
were broken, The measurement of the products in the remaining intact am-~
poules gave rates which weére much higher than expected; in fuct, the rates
were approximately those expected at 170 C. It appears very likely, there-
fore, that the oven overheated during the night and returned to the correet
temperature by morning. (The blank runs in this series are also in agree-
ment with this conclusion.) A temperature recorder was employed in later
eéxperiments,

Despite the temperature centrol problem, the metald rated in this series

as they had in the previous experiments at 170 €. On. this basis, one
result obtained is potentially very significant. Beryllium which had beehn
¢leaned with nitric adid was investigated for the first time in this series
and gave decompesition rates approximately equal to these obtained with 304 '
stainless steel (about 2-percenrt hydrazime decompesed after 28 hours of o
Leating): In Table 9, 304 stuinless steel is shown to be one of the least
active stainless steels. This suggests that the problems involved in the o
use of hydrazine in interregeneratively coaled biprepellant engines may be

éventually overeone,

\ 347 Stainless Steel/Propeliant-Grade
Hydrazine, 128 C

The decompesition of propellant-grade hydrazime on 347 stainless steel 3
(acid-treated) was determined as a function of heating time at 128 C, The ¥
results are shown en the following page. R
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Poraent
Experimont | Tite, | Pervent Poroent: Doecompeséd
No. hours | Uydrogen | Degomposed | Por Hour
229 45 8% | 0.073% 0.016
251 1.5 3.5 0,18 0.01d
23¢ 2% (2) 2,16 0.094
23% 31 1.4 0.86 0,028
234 3] (2) 1.48 0.027
235 72 1.1 3.88 0.054
256 144 2,0 2,06 0.014

It ie apparent from the last column in the above table that these data have
a very poor reproducibility even though a similar séries of experiments at
95 C (Fig. 9 ) had given an excellent linedr plot.

A meries of experiments was run with 347 8tainless steel at 128 C with a.
constant héating period ef 40 hours to determine the reproducibility on an
acidscleaned 347 stainless steel surface with propellant-grade hydrazine.
The following results were obtained:

“Percent
Experiment Pexrcent Decomposed
No. Décomposed Per Hour
248 4.5 0.11
251 1.5 0,038
258 0,85 0,021
:53 1.8 0.045
254 2,3 . 0,058

The scatter of the results was again excessive.
It was discovered after these ecperiments had béen ¥un that the blank rate

in the absence of metal specimen was often excessive at 128 € if the pyiex
ampoulés vere not prepassivated with hydrazine., This effect was diseussed
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earlier in this report (Fig, 4 and Table 1} ). Throo of the oxporimonta
in Table 1 with unpasaivated ampoulvs. (Experiménts 321, 322, and 323)
gave rates in the absonce eof motal of about 0,025 poercent per hour, It

woy be scen that crratic blanks of this ordér of magnitude could accuunt
for the data scatter in the above two tables.

47 8ta 0 { dr ¢, 128 ¢
Three ampoules containing the Olin purified hydrazine with a 347 etainless-

stoel specimen wére included in the above series of h0-hour experiments at
128 C, The following results were obtained:

v Percent

Experiment Percent Detompodaed
No. Decomposed Per Hour
24¢ 0,30 0,0075
241 1.2% 0.031
242 0,58 0.014

The reproducibility was again poer.

These rates, obtained with Olin purified hydrazine om acid-treated 347
stainless steel, are aboit three times higher than the rates obtained at
the same temperature with either propellant-grade or RPL purified hydrazine
on the standard 321 stainless-steel surface (Fig: 8)., This difference
probably results from the difference in the method of preparation of the
surface., It is posaible that the poor reproducibility of these experiments
also results frem high blank rates, but for this to be the case the rates
mist fluetuate to values higher than those of Experiments 255 and 256 in
Table 2.

A series of 48-hour experiments was wun at 110 € with propellant-grade
hydrazibe (1~104A) and %47 etainléss steel to investigate the effect of
the method of cleaning the metal surface. The pyrex ampoules were not
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prepaasivated, In the (irat aix experidents, the motal wa elodned with
belling nitric acid and rinsed with. diatilled water; the average decemponi-
tion waf 2.1 %1.,) peveont, In tho ethér six experiments, the surface wis
dloanvd with trichloroothylone; the average decompdaition was enly 0.07
£0,21 porcont. The scatter in the data wis excessive in cach serics, bhut
the neid ¢leaned apecimens gave the higher average rates.

Expor iments were ¢ondueted at 128 C with propéllant-grade hydrazine (L-104A)
16 dotermine the effeet of various trentments of the 347 stuinless-stocl
surfaee. The results are presented in Table 10. The rcsults ebtained

with acid-treated 47 stainless steel in Ixperiments 229 through 256 aud

248 through 254, which were presented in previeus tables, are included at
the top of Tahle 10 for coumparison.

In the 17-hour experiments, the metul was boiled in trichloroethylene, rinsed
in trichloroethylenc, rinsed in acetone, beiled in ucetone, rinsed in acetone,
boiled in distilled water, rinsed in distilled water, md dried. Very high
decomposition rates werc obtained in these cxperiments (Tablé 10).

The hydrazine passivation technique which was found to be ¢ffective for i
the glass ampoules was used with the metal specimeus in the first series
of 64-hour experiments in Table 10. The specimens were cleaned in boiling
trichlosoethylene, dried, passivated with propellant-grade hydrazine for
84 hours, rinsed with distilled water, and dried. Much lower rates were
obtained than with the previous ¢leaning techniques, but additional expeiri-
. ate would be required at 128 C with trichlorcethylene alone to establish : h
definitely the effect of prepassivation with hydrazine. '

fhe lack of reprodueibility from ampoule to ampoule in these experimente
could result from on actual nonuniformity of the surfaces of the metal
specimens, To test this, the metal specimens used in the Gishour experi-
gents were recleaned in beiling trichloreethylene, passivated in hydrazine
(3 hours), and rerun with propellant-grade hydrazine (Table 10)., A direct
correlation could not be established between the relativé aetivities of
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TABLE 10

EFFECT OF SURFACE TREATMENT ON DEGOMPOSITION RATE
OF HYDRAZINE ON 347 STAINLESS STHEL AT 128 C

table

Poreont “
Timé,| Poercont |Docemposcd Surface Treaimont
Propcllant {hours|Decomposed| Por Hour |Averageé Motal Ampoule
Prepellant| 4.5) 0,093 0.016 10,038 |[Wash in trichlory-|Aqua regia
Grade 11.5| 0.18 0.016 ethylene, concon-
(Lot-104) | 23 | 2.2 0.094 trated HNOg at RT
31 | 9.86 0.028 . for 1 hour, sinse
40 h.5 0,11 0.054 |with distilled
40 1.5 0.038 water and dry
40 0.86 0.021
40 1.8 0.045
W | 2.3 0.058
48 | 1.28 0.027 |0,032
72 | 3.9 0,054 ‘
144 2.1 0.014
Propellant | 17 4.6 0.27 0.41 Boil in triehloro-
[Grade 17 | 7.2 0.42 ethylene, boil in
(Lot-104) | 17 | 8.8 0.52 acetone, boil in
17 | 6.2 0.36 water, rinse with
17 8.5 0050 .distilled water
asd dry \
Propellant| 64 0.909{(A * 0,014 0.020 |Boil in trichlero-|Aqua regia,
Grade 64 1.09(B 0.017 ethylene, Hz pas- |Hz passivated
(Lot-104) | 64 | 1.10(¢c 0.017 sivated for 24
64 1.22(D 0.019 hours, rinse with
64 1.72(E 0.027 distilled water
64 1.72(F 0,027 J and dry
Propellant| 64 0.27(A 0.0042 |0,0052 |[Rerun of above
Grade 64 0.31(c 0.0049 specimens after
(Lot-104) | 64 | 0.34(D 0.0053 recleaning and
64 | 6.3u(E 0.0053 passivating in
64 0, 40(F 0.0063 ] hydrazine |
Purified Lo | 0.30 0,0073 |0.018 |Same as other Aque regia
(olin 40 | 1.23 0,031 40-hour experi-
Mathieson)| 40 | 0.58 0.014 ments at top of

#letter dénignates individual metal specimen
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given apecimens in the firat and.sceond vuns, It wad found, hewever, that
the avekage deeompesition rate in the woeond mepiem of Oh-hour oXperimonts
vwas only opo-feurth that ef the first 64-heur vuns. It appoars that con-
tacting the motal with hydrazine ond/ov it doeompoaition producta at 128 €
furthor passivates the surfaco, The average rbte ohtained in. the socond
gorios of Gh-hour exporimonts (0.0092 percent por hour) is 1 order of mag-
nitude lower than the rite with acid-cleaned speeimens, and 2 ordoera of
mognitude lower thah with trichiorocthylone/ucetone-¢leancd 347 atainlons~
stecl upecimons, Note that the rate obtaincd in this final acrics of Gh=
hour experiments is only slightly higher than would be expeeted in the
absonce of o metnk speeimsn (Fig. 4 ).

The results of Experimonts 240 through 242, presented previously, with olin
purified hydrazine and acid-treated 447 stainiess steel are listed ot the
bottom of Table 10 for comparison. A very large scdtter in the results
was obtained. Comparison of these experiments with the 40-hour experiments
using propellant-grade hydraziné (Table 10) {ndicates that the purificd
hydrazine gives a lower rate vhen compared under idehitical conditiens.

omel-A, Cu, Al, Stainlesd § eel
ollant-Grade Hyd e, 128

A final series of experiments was ruh at 128 C to comparc the relative
catalytic activities of séveral metal surfaces which had been passivated
{n hydrazine for three days at room temperature (after cleaning in boiling
triehloroethylene). Results ebtained with propellant-grade hydrazine
(1~104A) with a heating time of 78,5 hours are shown on the following page:

The rate obtained with 321 stainless steel (after subiracting the blank)
{s that which would be expected (Fig. 8 ) under thesé standard conditions.
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Poroent. Povcont ~ Parcent
Specimon | Decomposedy Spocaimen  |Decemposcd|| Bpacimen )| Doeouponed
' Cliromel~A 1.99 %21 Blainless 047 Fe Broke
2,64 Steel 0,45
o 9. l‘ 0. ‘37
. 2,14 0.51 N Broko
Cu 1-10 316 Sthinlosa .40
. Oo 89 8toel 2067 None 0,26
g 6,90 2,92 0,36
e 00 07 "o 18 00 32
Al 0.9? 104 Stainloss 0,92
0, ‘37 B-toel 0060'
0.%8 0.8%
0,74 1.12
0.84
0,68

It was uncxpeeted that aluminum would be more active than.32) stainless

steel because aluminum bad shown no effect over pyrex at 171 C (Table 9 ).

It appears that aluminum requires a nitrie-acid passivation, It was also
unoxpected that copper would give results similar to those ebtained with

the stainledsd steels because eopper is reportedly incompatible with hydrazine
(perhaps this is the case at highor temperatures). N

The percent hydrogen in the nonc.ndensable product was measured in a few
of the experiments listed in the above tables, The values were: Chromel A, Y
3.6; copper, 9.3; aluminum, 14,2 321 stainless steél, 3.8; 316 stainless
steel, 1.9 and 3.4; and no metal (blank), 4.6, These values for percent
hydrogen again give very low ealculated values (Eq, 6 ) for the percent
ammonia deeomposed.

Sodium Hydvoxide Pagsivation

Hydrazine was shown to be an effective passivating agent for glass and 321
stainless-ateel surfaces. Exporiments were conducted to determine if a
stronger base, 5M NalM, ight not be an even wore efféctive pussivating i
ugent (the decompesition of hydrazine will be shown later to be acid:
catalyzed). The restlts of thesé experiments indicate that hydrazine is
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mope effective in.pasaiviting & 321 atainleas-~steel aurface than i8 con-
conteated NaGl, Ampoulen contiaining 321 atainloss-stoe} Apeeiuens which

‘. hid Voek pasiivated with prepellant-grade hydrazine (24 hours ot voon
temperature) gavo docompesition rates at 18 G, which wore approximntely
ono~third lowor than thoso ebtaimed with speciwons which had been pinsi-
vatod in 5M NaGi., Mowever, oxporiments conducted at 171 € in glass ampaules
alone (no metal present) indicated that M Na(M wos plighly more effoctive
than nydrazise in pursivating glass.

[ a . e L faco

It mny be econcluded that the rate of the heterogénceus docompoaition of
hydrazine con vary by ené or two orders of mngnitude, dopending on tho
type of metal uscd and the type of pretreatment employed. These results
{ndieate that detailed passivation studics should be conducted with alleys
of interest to6 cnsure that reliable storability of hydrazine can be ob-
tained ond to determine the optimum corditions for long-term storage.
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ROLE OF IMPURITIES

One of the major goals of this program was to determine the effects cf
hydrazine impurities on the kinetics of the homogenceus and hoterogenous
decomposition reactions. If such effects were found, the reaction méch-
anisms involved were to be investigated. In addition to the known impur-
ities in bydrazine, the effects of potintial impurities must also be estab-
lished so that the thermal stability of hydrazine cahn be predictably
controlled. This applies also to additives which might be used for.various
purposes (such as to increase the electrical conductivity) and to other
componente which might be added im a mixed hydrazine fuel.

It was shown in the first séction of this report that propellant-grade
hydrazines decompose ih pyrex ampeules (in the absence of a metal. surface)
at rates which are nearly an order of magnitude greater than are obtained
with samples of purified hydrazine under the same ¢onditions. This would
indicate that the homogeneous decomposition of propellant-grade hydrazine
is an impurity-eatalyzed reactioen.

It wvas shown in the second dection of this repert that the rate of the
heterogeneous decompesition of hydrazine on a metal surface is a function
of the purity of the sample under some conditions, but with a well passi-
vated surface and at long reactien times, the rate is nearly independent
of the purity of the sample (Fig. 8).

Two possible explanations were suggested for the limited effect of sample
purity on the heterogemeous decomposition rate: (1) the major heterogemeous
réeaction mechanism is simply not markedly dependent on the wmirity of the
hydrazine, and (2) the purifiéd hydrazine leaches impurities out of the
metal surface and becomes "impure" hydrazine--at lenst with reapect to the
critical impurities, The firstrexplanation i weakened by the fact that

the kinetic parameters are about the same for the heterogeneeus decomposi-
tion of propellant-grade hydrazine as for the impurity-catalyzed homo-
geneous decomposition in the absénce of o métal surface (this includes

T L T T D
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the pre~eaponential factor and activation cnergy, Fig. 6, and the overall
stoichiometry). Tho sccond explanation is in agreoment with other ob-
derved phenomena (e.g., effeet of apecimen geometry, Table 8, and the
reduction in rate whon the metal sampled are rerun, Table 10).

The first approach to establishing the role of impurities with respect to
the thermal stability of hydrazine was to determine the major impurities
and investigate their effect on the decomposition rate, The results of
the analyses performed on a variety of hydrazine samples were presented
in.Table 3, and the details of these andlyses ure presented in a later
section of this report. The impurities identified in the propellant-grade
hydrazines are: water, amtonia, aniline, toluene, iron, and carbazic acid
(N2H3COOH, the reaction preduct ef hydrazine and co2.).

The effect of NK3 was reported earlier because it is also a decomposdition
product of hydrazine. It was found not to affect the decomposition rate

under the conditions iavestigated. The results obtained relating to the

other impurities, and also to potential impurities, are reported here,

EFFECT OF ANILINE

Aniline is present at a concentration of about 0.5 weight percent iii com-
mercial hydrazines because it is added to azeotrope the water from. the
crude hydrazine, It may be seen from Table 3 that a single distillation
(RPL purified) is not particularly effective in removing the aniline, but
the protess used to prepare the Olin. purified sample (fractional erystal-
lization) reduces the aniline content to about 50 ppm. Aniline contents
as lov as 5 ppm have been obtained by double distillation from Call,

(Ref. 15).

Three ekperimenta were conducted at 171.C with 0.5 weight percent aniline
ddded to the 0lin purified hydrazine and two were conducted with 1.2-
percent aniline. The results are pletted in Fig. 7. The upper cuifve
drawvn in ¥ig. 7 is copied from ¥Fig. 3 for comparisen, and Fepredents the
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average decomposition. rite for the propellant~grade hydrazines. It mhy be
éodn that within the normnl acatter of these oxperiments, the aniline did
not affect the-docomposition rate appreciably. The rates with added ani-
line wore, on the average, alightly highor thdn were ebtained without
addod anilinc, but the rates certainly did not approach those obtained
with propellant-grade hydrazine,

The valuas for percent hydrogon in the noncondensable products obtained
when aniline wae added weére 18,1, 15.6, 10.9, and 18,1,

EFSECT OF WATER

The effect on the decomposition rate durizg the first 20 hours at 128 C
of adding distilled water to the Olin purified hydrazine is shown in Fig.
7. The addition of 0.5 or 2.1 weight percent water markedly increases
the decomposition rate but not to. that of propellant-grade hydrazine.
For some reason, the addition of 1,2 percent water had little effect on
the rate.

Two experiments of 92 hours duration with 0.5 and 2.1 percent added water
gave decomposition values of 0.84 and 0,91 percent, respectively. These
values cannot be plotted in Fig. 7, but comparisén of these values with
Fig. 2 demonstrate that although the addition of water. appreciably in-
creases the decomposition rate, the rate is only about one-half that of
propellant-grade hydrazine. ook

It is possible, of gourse, that the increase in rate which does occur kg
resulis from fmpurities in the distilled water rather than from the water
itself, Two experiments were conducted in which 0.72-percent tap water

was added (Fig. 7). 'These gave rates in the same range as was obtnired .
with added distilled water.

The values for percer hydrogen obtainéd in the experiments with added
water were 22,4, 12,1, 24.1, 19,1, and 9.5.
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COMBINED EFFECT OF WATER AND ANILINE

Becnuae neither water nor aniline increased the decomporition rate of
purified hydrazine to values approachiing that of propellant-grade hydra-
sine, water and aniline were added together to determine if they exhibit
a synergistic effect. The. three experiments with 1.0-percont water and
0.5-percent aniline in combination (Fig. 7) showed no evidence of a syn-
ergistic interaction, The effect was about the aame as with added water
alone,

EFFECT OF TOLUENE

Toluene was added to the purified hydrazine at a concentration of h00 ppm
in three experiments. The results (Fig. 7) showed a possible small cata-
lytic éffect of toluene, but it was not sufficient to account for the ob-
served lower thermal stability of propellant-grade hydrazine.

EFFECT OF SODIUM CMLORIDE

An analysis of propellant-grade bydrazine conducted at Edwards Rocket Pro-
pulsion Laboratory did not disclose the.presence of maiy metal ions. It

did, however, reveal in one sample the presence of eodium and chloride

fons ot concemtrations of approximately 20 ppm each. Therefore, six 32-

hour experiments were conducted at 171 C in which én agueous solution of

NaCl was added to the purified hydrazine. The firet two, in which 0.5 percent
water and 20 ppm Na Cl were introduced, resulted in decompositions of

0.22 and 0.20 percent. In the other four experiments, 1.2-percent water

and 43-ppm NaCl were added. These resulted in decompusitions of 0.27,

0.24, 0.27, and 0,3} percent, respectively.

Comparison of these valués with.Fig. 7 indicates that the addition of
NaCl did not incréase the decomposition rate; in fact, the rates did not
ificréase as tuch hs would have been expected for thé addition of. these
amounts of water. It will bé deén in the later géction on tiechanism
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investigation (Fig. 14) that inereasing the ionic strength by the addition
of these amounts of NaCl would decrease the rate by 30 pereent and 50
percent, respéctively (bocause of the type of ionic reaction which is
octurring if the RPL purified and Olin purified materials decompose by
the same mechanism), This apparently mitigates the effect of the ddded

water in these experiments,

‘¥ E"FECT OF SOLUBLE IRON

It may be seen from Table 3 that 1.0 ppm of iron was found in the L~104A
and 1L~-104D propellant-grade hydrazihes but none was detected in the RPL

propellant-grade samples. To determine the effect of added soluble iren,
I"eCl,3 was added to the RPL purified hydrazine and the percent decomposition ;
measured after 17 hours at 171 C in the absence of a metal surface. The '

following results were obtained:

Contentratien Percent
Expéeriment | of FeCly, | Concentration | Hydrazine
- No. miliimolar | of Irem, ppm | Décompésed
973 1.01 56 1.5
974 1.0} 56 3.2 “
975 1.43 . 80 4,6

These results indicate that the ferrous ion is a éatalyst for the decom-
position of hydrazine; it io expected that the ferric fon will be reduced

to. ferrous in hydrazine and & rapid evolution ef gas was noted during : ~1
sample preparation. An ionic mechanism is préposed later in this report
vhich could account for catalyeis by the ferrous ion,

It the rate of the iron-catalyzed reaction is directly proportional to :
the concentration of added FcCl,, the above results predict the percent ‘ /
hydrazine decomposed in 17 hours will be about 0,05 pervent per ppm of A
iron. The blank rates under these condf{iions give abeut 0.07-percent

decomposition in 17 hours, {ndicating that 1 to 2 ppn of iron impurity
would fieed to be present to acéount for the decomposition rate of purified
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hydrazine in the absence of a metal surface; about 15 ppm would be required
to décroase the thermal atability to that of the propellant-grade hydrazine,
It can be scen from Table 3, however, that the iron centent of the RPL
purified hydrazine is likely to be lees than 0,1 ppm, abd that of the
propellant-grade hydrazine 4s only 1 ppm or less,

‘ If dissolved iron itself is invelved, several possibilities exist with regard
. to its potential detrimental role. The first possibility is that the éffect
of iron is not a limear function of concentration, the £irst traces of iron
being relatively more effective than higher concentrations. Another possi-
bility, based on the ionic mechanizm proposed later in this report, is that
the iron impurity reacts synergistically with acidic impurities and the
overall effect of added iron {s not a simple function of the amount of irem

present.

It is possible that another trace metal impurity, such as nickel, has a
sinilar catalytic effect toward the decomposition of hydrazine but is effec-
tive at lower concentrations.

% EFFECT OF SOLUBLE COPPER

A similar seri¢s of experiments was conducted with CuCl, added to the RPL

\ purified hydrazine to determime if soluble copper afféctéd the decomposition
‘ rate, Audrieth (Hef. 16) found that dissolved copper is a specific catalyst
for the oxidation of hydrazine, The following 17-hour experiments at 171 C
were conducted to determine if coppér had a similar effect on the thermal
decomposition in the absencé of oxygen:

~Concentration Concemtration | FPercent

Experiment of CuCl , of copper, Rydrazine
No. millimol&r ppm- Decomposed
920 0,43 27 0,09 |
921 0:43 27 0,10 ‘

Becauge blank rates of 0,05 to 0,10 pereent are usually obtainéd under
these conditions; added €uCl, does not affect thé decouiposition rate
apprec¢iably.
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EFFECT OF CARBAZIC A€ID

It was reported previously that carbazic acid, NQE,COOH. ig- a common impur~
ity in prepollant-grade hydrazine. (Ref, )7). Becausc C0,. reacts ropidly
with hydrazine to oim. carbaziec acid, the carbazic acid could come frem
the contdct of hydrazine with air, It can be ealculated, however, that
hydrazine must contact considerable amounts of air to accumulute appre-
ciable quantit::s of carbazic acid because air contains only 315 ppm 002.
A sample of carbazic aeid had been synthesized and purified for another
purpose under a Rocketdyne IRXD program by reacting an excess of 002 with
an aqueous solution of hydrazine (Ref. 18), This availdble material was
used on the present program to determine the effect of the potential im-
purity, carbazie acid, on the {iaermal stability of hydrazine.

The effect of adding 1 weight percent carbaziec acid to the RPL purified
hydrazine was investigated in a series of 66-hour experiments at 171 C
in prepassivated pyrex ampoules. The following results were obtained:

Percent Hydrogen
Experiment | in Noncondensable | Peércent Hydrazine
No, A Product Bécomposed
451 Ampoule Broke
452 Ampoule Broke
453 24.0 2.04

Two of the ampoules broke, presumably from strains in the glass, and the
sample in the remaining two had undergone 2-percent decomposition., The
blank runs in this series weré Experiments 454 through 457 in Table 2
These gave an average decomposition of 0.39 percent in 66 hours in the
abseice of added carbazie aeid. Thus, the addition ef 1 percent weight
earbazic acid inéreases the deeomposition rate by a facter of 5 in the
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absence of & metal surfoce, The rate obtained with l-percont carbazic
acid in purified hydrazine is about the same as that obtained with
propellantegrade hydrazine (Fig. 2) under the aome conditiona,

All acids, including corboxylic aeids such as carbazig, are expodted to
reaet completely in hydrazine (Ref. 19) to form the NQHB* ion and the

J correspending anion (e.g., N2R30007 from carbazic acid), The possibility
’ had been suggested previously that the presense of the NQHS* ion is
involved in the decomposition of hydrazine (Ref, 13).

The addition of 1 weight percent carbazic acid to hydrazine should result
in the same solution as would be obtained by allewing 0.58 weight perdent
Co, to redct slowly with hydrazine, The coneentration of the N2H5+ ion
would be 0.13 wolar in this solution.

A wethed of measuring carbazic acid in hydrazine was developed and the
results obtained ate included in Table 3. The method, described in
detail Later in this report, is similar to that.employed in Réf, 16 and
is uot necessarily completely specific to carbazic acid., Therefore, the
carbazic acid values in Table 3, 250 and 150 ppm, can only be. considered '\
upper limits., Data will be presented which indicate that the actual
carbazic acid concentrations are even lower than thése values,

A series of experiments was conducted at 128 C with the RPL-purified
hydrazine to dedermineé the effect of the concentration of added carbazic ~
acid both in the absénce and presence of the standard 321 stainless-steel _
surface,

1t may be seen from the results in Fig. 10 that in pyrex ampoules at 128 C,
the addition of 0,12-percent carbazic acid te the RPL*purified hydrazine
decreased the decempesition rate slightly at the shorter.heating times,

and had little effect at longer times, The addition of 1,2-petrcent
carbazic acid under these conditions (128 €) increased the rate of
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TIME, HOURS

Figure 10, Effect of Added Carbazie Acid on Decomposition Rate of
RPL-Purified lydrazine in Pyrex Ampoules at 128 €
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decomposition by a factor of about thred, The ecale choson in Fig, 10 is
the same as that of Fig, 4 , for comparisen, Logarithmic scalos were

used in these figures becauso a wide range of eandentrations and deecomponi-
tion ratos were to be coeumpared.

In the presence of the standard passivated stainless-stecl surface,
the affect of added carbazic acid (Fig. 11) was mush greater. At a.con-
centration ef only 0.12-percent carbazic acid, the rate at 128 C increasod
by more than a factor of 100, The addition of 1.2-persent carbazic acid
increased the decomposition rate on 321 stainless stecl by more than a
factor of 1000. The rate at the higher carbazic acid concentration was
increasing exponentially with time and would huve reached 100-percent
decomposition in a few more hours., The values for peréent hydrogen in
the noncondensable product were only 1.5, 1.2, and 1.3 in the experiments
with 1,2-percent carbazie acid in the presence of a wetal surface.

The results with added ¢arbazie acid in Fig. 10 and 11 demonstrate that

the inerease in rate is much greater in the presence of a metal surface.

it appears that, with a metal surfa¢e, only about 160 ppm of carbazic

acid would be required to inérease the décomposition rate of the purifind
hydrazine to that of propellant grade at the shorter heating time (Fig. 8).

The presetice of & metal surface could promote the effect of carbazic acid
either through an acid-catalyzed. héterogei¢ous reaction ot the metal sur-
face of by introducing a trace metal impurity into the liquid, if this
impurity enhances the effect of the acid (as will be shown later to prob-
ably be the case),

The catalytic effe¢t of ether acidic materials and the possible mechanisms
involved will be presented in later sections,

L
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Bftéet of Added Carbazie Acid and Ammoenium Nitrate oh Decom-

position Rite of RPL-Purified Hydrazine on Standard 321
Stainless Steel at 128 C
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METIODS OF CONCENTRA®ING IMPURIT IR
Stability of the Olin Mothey Lig

A Rumple was vaceived of the methar liguor frem the Glin purification
preeoss (fruetienal erystallization). This miteriol would ba expected
to contain more impurities than even propallaut-grade hydrazine. 1t waa
run in six passivated ampoulus for 20 hours at 171 €, Three of the
ampoules broke and the remaining three gsve decompositions of 1.3, 1.6,
and 1.3 parcent, respectively, This is unearly twice the rate at which
propel lant-grade hydrazine decomposes undor these conditions (Fig. 3 ).

Au analysis of this mother liquor gave the following results (Table 3 ):
94, 5-percent hydrazine, 4.7-percent water, 0,03-pétcent amionia, 0.74-
percent aniline, and 26-ppm toluene, Although this decrease in purity
from that of propeliant-grade hydrazine weuld appear to be compatible

with the lower thermal stability, the situation is the same as with
propellant-giade hydeazine in that uene of the identified major impurities
would be this deterimental (based on the results obtained on this program).
It is likely, therefore, that an acidic or trace metal impurity is also

concentiated in the mother liquer and this (these) species determine(s)
the thermal stability.

Partial Evaporation of Propellant-Grade Hydrazine

Two 1-hour experiments were conducted in which 40 percent of the hydvaziue
was pumped off before the ampoules were sealed, These experiments, at

171 C in the absence of a metal surface, gave a rate about twice that of
two blank experiments which were vun at the same tiwme,
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BFFECT OF ACIDIC ADDITIVES

It was shown in the provious section that added carbazic acid warkedly
lowers the thermal stability ef liguid hydrazine, particularly in the
prusence of a motal surface, It was possiblo that this is a epecitic
offoct with corbaic acid, Howover, tho oxporiments reparted in this
#oction domonstrate that all acidie additives are caopable of reducing
tho thermal stability ef hydrazine, Hod carbazié dcid been unique in
thio respoct, a wechanism involving the docomposition of the Nzﬂscco'
anion would havo buen indidated (with the relased coa reacting agoin
with hydrazine to form carbazic acid). Decauso it was found instoad
that all acids are detrimenial, a mechanism invelving the N@H;‘ ion s

ind{icated,

ADDED HCl AND AMMONIUM CHLORIDE

Solutions coutainiag. )-weight percent HCl were prepared by adding cone
centrated HCl (Allied 37.5 percent) to the Olin. purified hydraziae,
Because the additioni ef lapercent HCl by this wethod entailed the inci=
dental addition of 1.6-percent uzo, two samples aleo were prepared con-
taining this concentration of HQG. After 2.8 hours at 171 C in passivated
pyrex ampvules, one acidified sample had undergone 4.6-percent decomposi-
tion and the other ampoule had broken from excéssive préssure, while the
unacidified samples had decomposed only 0.08 percent. A "blank" sample
which containeéd no added HCl or 820 gave oaly 0,02-perc¢ent decdemposition
(in agreement with Fig. 7). Thus, the addition of l=weight perceut HCl
inicreaaes the percentage decomposition by a factor of 50 over that for a
sample containing an-equivalent amount of water, and a factor of 200 over
that for the ueat propellunt-grade hydraeins.

Because l-weight percent HOl is 0.28 molar, the addition. of l-percent

HC) introducés about twice as many “protons" (N2H5+) as doea the addition
of l-perdent carbazic acid. Even taking this. into acoount, it appears
that HOl is wmore effestive than carbazic acid in reducing the stability
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of hydrazine, Alde, hydrazine samplod purifiad by diffevent procasiea
wore used in the two serink of experiments upen which tliis comparidoen is
based, If the Naug* ion should Peact aynergistically with o trace
impurity, the two samples of purified hydrazine might not be equally sué-
coptible to acid contalysis,

A series of oxperimonts wos conduelod at 128 C to determine the affecet of
1 woight percent NHhCI on the rate of decomposition of RPl~purified hydra-
give., The addition of Nﬂhul should be equivalent Gt the addition of HEl
if tho ammonia whieh is added with the HEl (in NHhCI) does not affect the
results, The equilibrium censtont for the reaetion:

Nll3 + NQH5+ = Nn“+ + Nyl favers Nhu+ because ammonia i8 more basic
than hydrazine but the high hydrazine concentration favors N2u5+' Alse,
most of the ammenia will migrate to the vapor phase at reaction tempera-
ture, 1t was reported erroncously in the Fifth Quarterly Progress Report,
and elscwhere, that the NH, was pumped off during the degassing procedure,
However, liquid nittogen was used as the coolant during degassing rather
than COQ, se that the Nli3 was not removed. The only expériments in which
CO2 wvas ¢mployed as the coolant were conducted during the first twe quar-

ters of the program.

The pereentage decompésition was fellowed as a funetien of tiwe at 128 C.
The results are presented in Fig. 12, The addition of l-pereent NH,Cl
(0.20 melayr) inereases the rate in the absence of a metal surface (passi-
vated ampoules) by about o facter of 20, Comparing Fig. 10 and 12,

NH; C1 has a larger effeet than carbazie acid in RPL purified hydrazine
even if the difference in molar concentration is taken into account,
This suggests that the carbazic aeid may oy be completely ionized in
hydrazine.

It way be seen from Fig., 12 that the effect of NHhCl is much greater on the

standard 321 stainless-steel surface than in the absence of a wetal sur-
face. The decompositien after 3 hours on 321 étainless steel is increased
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Figure 12. Effect of Added MNII,Cl on Decomposition Rate
of RPL-Purified Hydrazine 6n Pyrex and Standard
321 Stainless Steel at 128 C
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by about a factor of 1GU0 by the addition of l-pevcent NHACI. The rate
in the prasence of the additive is increasin: nearly parabolically with
tine (slope equal to 2) indieating that all of the hydrazine would hive
decomposed in & few more hours, Comparing these results with those in
Table 11, carbazic¢ acid is slightly more effective than NHACI in the
presence of the metal surface,

The values measured for percent hydrogen in the noncondensable preduet
when l-pereent Nﬂh01 was added were 0.8, 2.9, and 3.0 in the absence of
a wetal surface, and 1,3 and 0.8 in. the presence of the metal surface.
Similarly, low amounts of hydrogén were produced with 1 percent added
carbazic acid (metal surface).

Some additional experiments with added NHACI are reported in later sec~
tions of this report.

ADDED AMMONIUM NITRATE

Bécause hydrazinium nitrate, NQH5N0’, is a component of some mixed hydra-
zine fuels, it was of interest to determine if added NHhN03 gives effects
similar to. added NH,CI (as was discussed for NH,Cl, the addition of
Nﬂhﬂo3 is expected to be equivalent to the addition of N2H5N03 or HNO’).
It may be seen from Fig. 11 that l.O-percent added NH;NO, (0.12 molar)
increases the decomposition rate of the RPL-purified hydrazime on the
standard 321 stainless steel but not to as great an extent as du NHhCl
and carbazie¢ acid. Based upén the single data point at 3 hours, the
rate appears to be inereasing rapidly with heating time (a fourth experi-
ment not shown in Fig. 11 gave 0,021-percent decomposed at 0.5 hous.

A series of experiments was conducted to determine the effect of added
l-peréent NHhND3'on the thermal stability of prepellant-grade hydrazine
(L-104A), The results of these 128 C expériments are shown in Table 11,
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TABLE 11

EFFECT OF 1<PERCENT AMMONIUN NITRATE (AN) ON STABILITY
OF PROPELLANT -GRADE HYDRAZINE AT 128 C

Heating Pasaivated Passivated

Time, Pyrex Pyrex 321 88« 321 s8¢

hours (blank) + AN (blank) + AN
1.5 ‘ 0.16
3.0 0.%
4.0 0.019 0.020 0,012 0.48
6.0 0.629 0.022 0.022 2.30

#Standard 321 stainless-steel specimen with l-cn2 surface
area; values have been corrected for reactiou in absence
of metal surface

These data demonstrate. that hydrazine nitrate has little effect upon
the rate. of hydrazine decomposition in glass atpoules (up to 6 hours.
héatiug time). Howéver, in the presencé of a passivated 321 stainiess-
steel surface, a considerable acceleration in rate is observed which
becomes pronounced. at longer heating times.

It this appears that ammonium nitrate behaves as the other "acidio"
impuritiés in that its effect is dependént on the presence of a metal
surface. The ammonium nitrate is somewhat different, however, in that

it is less effective at shorter heating times (in the presence of uietal)
but its effectiveness increases more rapidly thau the other acidié impuri-
ties at longer heating times.

ADDED AMMONIUM CHLORIDE IN PRESENGE OF ADDED SOLUBLE COPPER
It was shown ptevioucly in this report that the addition of GuCl2 to the

RPL.purified bhydrazine at a concentration 6f 0.43 willimolar did not
iticredse ites decomposition rate., Thesé were 17-hour experiteats at 171 C
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in passivated ampoules without metal specimens, Additional experiments
were conducted under these same conditions to determine if an acidic
impurity would interact #ynergistically with added soluble copper. The
results are presented in Table 12,

TABLE 12

EFFECT OF THE SIMULTANEOUS ADDITION OF SOLUBLE COPPER
AND NH,C1 TO RPL-PURIFIED HYDRAZINE AT 171 C

4
Concentration | Concentration Percent
Experiment of Copper, of NH,C1, Hydrazine 4

No. ppu ~__ppm Decomposed
920 27 - 0.09
921 27 - 0.10
922 - 117 0.30
923 -- 117 0.11
916 27 20 0.21
917 I 27 20 0.16
918 27 153 0.17
919 27 153 0.20

*#]17-hour experiments

Blank ratea of 0.05 te 0,10 perecent decomposéd are usually obtained under
these conditions, There was considerdble scatter in the results, but it
appears that the added NHAGI iticreased the rate slightly. Its effect was
not enhanced by the addition of the CuCl,.

ADDED OXALIC ACID

Oxulic acid (CUOH)2 at concentrations of about 1 percent has been pro-
posed for use as an electrdlyte in hydrazine so that it may be electro-
lyzed for prdpulsion purposes (Ref.20 ). 1t wad of interest, therefove,
to determine if this cafboxyli¢ acdd is as detrimental teward thermal
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stability as is carbézic acid, Expeériments were conducted at 128 U with
propellant-grade hydrazine (1~104B) to which liad béen added 0, l-weight
percont oxalic acdd (0,011 molar). The results, cbtained in the presence
of the atandard 321 stainlese-steel surfacé, are presented in-Table 13,

TABLE 13

EFFECT OF ADDED 0,1-PERCENT GXALIC ACID ON DECOMPOSITION RATE
o OF PROPELLANT-GRADE HYDRAZINE GN STANDARD
S 321 STAINLESS STEEL AT 128 C

-

2

Percent Blank Percent >
Experiment Time, Hydrazine Décomposed ‘

No, hours _ Decommposed :
976 4 2.9 0,02

_ 977 8 4.8 0.05

978 12 2.9 0,07
979. 24 6.3 0.10

AN

The average increase- {n the heterogeneous. decomposition rate from the added
acid is & factor of 80, It iay be seen from the last.colum of Table 11
that 0.lepercént added oxalic.acid {s more detrimental than l-percent
ammonium nitrate (at heating times of around 6 hours). Comparing the data
in Table 13 with Fig. 11, it may be seen that propellant-grade hydrazine
containing 0.l-percent oxalic acid decompcses alightly faster on 321 stein- R
less steel than does purified hydrazine which contains 0,12-pervent carbazic
acid, It should be noted that oxalic acid contains two protosns per melecule,

o

EFFECT OF PROPELLANT PURITY

As shown by the following examples, the effect of acids on the homegeneous
decomposition rate appears te decrease with decreasing purity of the hydra< G
zine; this {8 in agreement with. the postulate mentioned previously which. _ :
states that ths effects of {mpurities may net be a linear function of concen-
tration, In the absence of a metal surface, the addition of 0,2 percent
NH,€1 to the BaO-treatéd hydrazine increasesd the rate by a faster of 20
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(Fig., 16) while the.addition of 0.12 percent earbazic acid to the distilled
hydrazine dod¢d not increase the rate (Fig, 10). The addition of 1 percent
NHkCI. carbazic acid, or HC1 to purificd hydrazine (distilled or fractional
erystallization) intreases the rate by factors of 3 to 50, while the addition
of 1 pereent NH4N03 to propellant-grade hydrazine has no eifect in the abdAence
of a metal surface (Table 11), Additional data are required to determine if
this trend is real (or results from using different acidic materials in the

' various experiments) and to establish the importance of low concentrations

B of acidic impurities in determining thermal stability.

EFFECT OF AMMONIUM CHLORIDE ON SENSITIVITY

Hydrazine is a high-emergy compound which has the fortunate property of not
propagating a detonation in the liquid phase. lHowever, when the liquid is
adulterated by the addition of an additive, extreme caution should be exer-
¢iged until it has been established that the liquid has not become sensitive,
This i{s always done when new mixed hydrazine fuels are formulated.

Under a Rocketdyne IM&D program, a detonation. propagation test was condicted
with propellant-grade hydrazine to which had been added. 5-percent ammonium
chloride. The results indicate that this liquid. is borderlinéd with respect
to detonation propagation; the sample tube was completely fragmented, but
the witness plate was not damaged.

It thus appears that caution should be used whenever several percent of
acidic additives are to be introduced into hydrazine for any purpose,
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APPENDIX C
SUMMARY OF ELASTOMER PHYSICAL PROPERTIES
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I, INTRODUCTION

This appendix provides a summary listing of physical property data
which {g available at JPL on elastomeric materials considerced candidates
for hydrazine system application, The sourcesd of this data Include numerous
internal JPL memoranda repofrting the results of specific tests usually run
to evaluate the effect of some process or ¢nvironmental variable or to com-
pare a critical property of two or motre candidate materials, Therefore,
the data does not constitute a systematic, consistent documentation of all the
physical properties listed, Some of the data reports referred to do ot in-
clude all of the test parameters of interest, and followup queries are in
process where such data is of general interest,

II. PHYSICAL PROPERTY DATA™

A, Permeability

(1)  Helium through EPT-10 (0,0686/0, 0723-in, -thiek sample source
TBD) at 25°C and 49. 5 psid: 9, 28 X 16”2 cm>/in.?-h-psid; -
at 25°C and 25,0 psid: 9. 53 X 10" em3/in.2-h-psid (Ref. 1),

(2) Nitrogen through EPT-10 (0, 0686/0,0723-in, -thick sample;
gource TBD) at 25°C and 74,0 psid: 1,18 X 10 -4 ém3/in. -h-
peid; at 25°C and 44,0 psid: 1,24 X 107 em?/in.2-h-peid
(Ref, 1).

(3)  Hydrazine through EPT-10 (0,0686/0, 0723 in, -thick sample; )
gource TBD) at 25°C: 20,0003 mg/in -h (Ref, 1).

{4) Hydrazine through EPT=10 (0, 0091 -in, ~thick Bample made at
JPL) at 25°C after 100-200 h: 0,39 mg/he i:i. exposutre to
hydrazine (Ref, 2),

(5) Hydrazine through EPT-10 (0,0079-in, ~-thick sainple made at
JPL and extracted with befizene for 24 h in a Soxhlet extraction
apparatus), !

(6) Hydrazine through AFE-102-(1) (0, 0078-in, -thick sample.
gource TBD) at 25°C after 100:200 h: 1,04 mg/h/{n. (Ref, 2),

*H‘eféin, TBD = to be deteriiined,
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(7) Hydrazine through DuPont LD-2613 (0, 0072-in, -thick sample;
lot TBD) at 25°C after 100-200 h: 0, 004 mg/h/m.z (Ref, 2),

(8) Parmeation phenomena (Ref, 3),

\ (9) Hydrazine through copelymer of tetrafluoroethylenc and |
perfluorovinylmethyletier, unfilled (0, 030-in, -thick samiple;
gample size and sourcc and test method TBD; Ref, 4),

(10) Hydrazine through copolymer of tetrafluoroethylenc and

'Jg perfluorovinylmethylether, filled (0,028-in, ~thick sample;
? samiple details and source and test method TBD; Ref, 4),
‘ B, Swelling

(1) EPT-10 in hydrazine and hydrazine/hydrazine nitrate after
1, 2, 4, and 8 weeks (samples cut from bladder whose mandtrel
- was reémoved by imimersion in NaOH; Ref, 5),

(2) Parker E515-8 in hydrazine and hydrazine/hydrazine nitrate
after 3 weeks (Ref, 6).

C. Weight Change

(1) EPT-10 in hydrazine and hydrazine/hydrazine nitrate after .
1, 2, 4, 4nd 8 weeks; dlso subsequent recovery (samples cut
from bladder whose mandrel was removed by immersion in
NaOH; Ref, 5).

(2) Parker E515-8 in hydrazine and hydrasine/hydrazine nitrate ,
o after 3 weeks (Ref, 8). , A

(3) Weight loss of EPT-10 upon vacuurmi drying after 168-h soak in
hydrazine and 4-day wash in distilled water (Ref, 7).

D,  Hardnmess ;

(1) Parker £515-8 before and after 3 weeks in hydraszine and
hydrazine/hydrazine nitrate (Ref, 6),

(2) EPT-10 exposéd to gamma radiation {approximately 1 megarod)
while imrmersed in N2H4: no appafent effect on hardnéess (Ref, 8),

(3) DuPont tetrafluoroethylene perfluorovinylmethylether copolymet,
with and without accelerator and 5% TFE filler, exposed to
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gammia radiation (approximately 1 megarod) while immersed in
NaH‘l; no apparcat effect on hardness (Raf, 8),

(4)  Change {n hardness of EPT-10 conesquent with compression sct
testing in air, nitrogen, isopropyl alcohol, and hydrazine (Ref, 9),

(5)  Change in hardness of DuPont ECD-006 coniscquent with compres-
sion sat testing in hydrazine (Ref, 9),

(6) Change in hardness of AFE-=102 consequent with compression set
tesiung in air, nitrogen, isopropyl aleohol, and hydrazine (Ref, 10),

(7) Change in hardness of AFE-332 in air, nitregen, isopropyl
alcohol, and hydrazine (whether -9 or -11 formulation TBD;
Ref, 10),

E, Propellant Decomposition Products

Results after elevated temperature soak which was preceded by a 168-h
ambient temperature soak and bath change; EPT-10 in hydrazine (samples
prepared at Pressure Systems, Inc,, under Centract 952864; Ref, 7),

F, Captured Volimeé Pressure Rise

Regults following 168-h ambient temperature soak of EPT-10 in hydra-
zine and pressure rise during subsequent elevated temperature soak
(samples prepared at Pressure Systems, Inc,, under Contract 952864; Ref. 7).

G. Extractables

Results of 168-h prescak followed by elevated temperature soak of
EPT-10 in hydrazine, Sulfur was found in presoak hydrazine but none in
soak hydrazine, Water and NVR (mostly silicon) were found in the soak
hydrazine (samples prepared at Préssure Systems, Ine,, under Contract
952864; Ref, 7).

H, Mold Shrinkage

Percent linear shrinkage from mold dimiensions (Ref, 12):

EPT-10 (material compounded and molded at JPL with 4-h post-
cure at 330°F in cloded oven instead of the usual 4 h at 350 °F in
a fotced alr oven; Unaéceptible chasring occuried at 350 °F):

Before posteure -2, 80%
After postcure -1,44%
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DuPont LD-2614 (material cared and podteured at JPL):
Befare pestcure -1,94%
After posteure =6, 32%
! AFE-102-(1) (material compounded and malded at JPL):
| Boefore postéure -2, 10%
After postcure -2, 32%
% I,  Stress Relaxation |

i (1) EPT-10 in nitrogen at 125°C and in air at 125, 140, and 155°C;

h l'\\ at 10% elongation (Ref, 9),
(2) EPT-10 in air at 125, 140, 155, 170, and 185°C; at 10% elon-
gation; in nitrogen at 125 and 155°C; and in air at 125 and 155°C
after being soaked in hydrazine for 30 or more days, Tempera-

tures during hydrazine soak TBD (Ref, 10),

(3)  EPT-10 in dry nitrogen at 125, 155, 170, and 185°C; at 10%
elongation; in isopropyl aleohol at 125, 140, and 155°C; and in .
air at 125, 140, 155, 170, and 185°C after being soaked in hydra-
zine, The soak tirne ahd téemperatures TBD (Fef, 11),

(4) AFE-102 in air at 125, 140, 155, and 170°C; at 10% elongation

(Ref, 11), , S
- J. Compression Sat
(1) EPT-10 in air, nitrogén, isopropyl alcohol, and hydrazine; per h h

— ASTM D-395, Method B (Ref, 9).
(2) DuPoat ECD-006 in hydrazine (Ref, 9).

(3) AFKE-332in air, nitrogen, isopropyl alcohel, and hydrazine;
— test method TBD (Ref, 10), 1

(4) AFE-102 in air, nitrogen, isopropyl alcohol, and hydrazine;
per ASTM D-391-6, Méthod B (Ref, 10).

K, Dénsity
EPT-10 (material compounded and molded at JPL with 4-h postcure at e
330°F {n closed oven instéad of the usual 4 h at 305°F in forced air oveér;
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uwnacceptahle charring occurrvad at 350°F): 1,14 gm/cm3. DuPont LD-2613
(matorial cured and posteured at JPL) 2,03 gm/cm; AFE«102-(1) (material
compounded and molded at TPL)! 0,983 gm/cm’ s AFE-332 (material pre-
parod at TRW): 1,08 gm/em’ (Ref, 12,

L., Tensilo Strength

(1)

(2)

(3)

(4)

(5)

(6)

(8)

130

DuPont LD-2613 at 22°C, per procedure of ASTM D-412-68,
using O-ring samples, 20 in. /min crosshead specd in the Instron
tester (materials included samples prepared at JPL without filler
from cotnpound with 1o accelerator and from compound with
accelerator, also samples prepared at JPL with various fillcrs
from compouhd without accelerator and frem compound with
acceleratorj Ref, 12, Table 2),

Similar to item (L1) above, except in hydrazine following immer-
sion in hydrazine for 100 h at 70 °C (Ref, 12, Table 3),

EPT-10 at 22°C, per ptocedure of ASTM D-412-68, using O-ring
samples (materials compounded at JPL and included two modifi-
cations: one was obtiined by simply omifting the postcure; the
other was obtained by substituting a peroxide cure for the sulfur
cure; Ref, 12, Table 3).

Same as item (L3) above, except in hydrazine follow'ng immer-
gion i hydrazine for 100 h at 70°C (Ref, 12, Table 3),

AFE-332 at 22°C, per procedure of ASTM D-412-68, using
O-ring samples {samples prepared at TRW; Ref, 12, Table 3).
AFE-332 at 22°C, per procedure of ASTM D-412-68, using
O-ring samples in hydrazine following immersion in hydrazine
for 100 h at 70°C (samples prepared at TRW; Ref, 12, Table 3).
AFE-102 at 22°C, per precedure of ASTM D-412-68, using
O-ring samiples (materials compounded &t JPL and inéluded a

inodification obtained by subatitution of one filler constituent;
Ref, 12, Table 3),

Sariie a8 item (L7) above, except in hydrazihe following immer-
sion in hydrazine for 100 h at 70°C (Ref, 12, Table 3).
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(9)

(10}

(11)

(12)
(13)
(14)
(15)

(16)

(17

A¥E-332 at 22°C, per pracedure of ASTM D=412, using O-ring
samplea, following immersion in refluxing isopraopyl aleohol for
100 h at 82°C (Ref, 12, Tablo 4),

Samo as {tem (L7) above, except followed immoraion in refluxing
{sopropyl alcohol for 100 h at 82°C (Rof, 12, Tabla 4),

EPT«10 (not posteurcd) at 22°C, per procedure of ASTM
D-412-68, using O-ring samnlcs, following immersion in roflux-
ing isopropyl alcohol for 100 h at 82°C; material compounded at
JPL (Ref, 12, Table 4),

Similar to item (L1) above, except followed immersion in reflux-
ing in isopropyl alcohoel for 100 h at 82°C (Ref, 12, Table 4).

AFE.332 at 22, 48, and 79°C, per procedure of ASTM D-412-08,
using O-ring samples (samples prepared at TRW; Ref, 12,
Table 8),

AFE«102 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (samples prepared at TRW; Ref, 12,
Table 5),

AFE-102 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (material compounded at JPL; Ref, 12,
Table 5).

EPT-10 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (material compounded at JPL; Ref, 12,
Table 5),

Similar to item (L1) above, except alse at 48 and 79°C (Ref, 12,
Table 5).

M., Elongation at Break

(1)

DuPont LD-2613 at 22°C, per procedure of ASTM D-412-68,
using O-ring samiples, 20 in, /min ¢rosshead gpeed in the Instron
tedter (materials indluded daniples prepared at JPL without
filler from c¢ompound with rio acceleratot and from cofnpounid
with aceelérator, also samples prepared at JPL with various
fillers from cornpotnd without accelérator and fr¥orm compound
with acéelerator; Ref, 12, Table 2},
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(2)  Simllar to item (M1) above, except in hydrazine following immer-
alon in Rydrazine for 100 h at 70°C (Ref, 12, Tahle 3),

(33 EPT-10 at 22°C, per procedure of ASTM D-412-68, using O-ring
samples (materials compounded at JPL and includéd two miodifi-
cationa! ono was obtained by simply omitting the pestcure; the
other was obtained by substituting a peroxide cure for the sulfur
curc} Ref, 12, Table 3),

- (4) Samec as item (M3) above, except in hydrazine following immer-
' sion in hydrazine for 100 h at 70°C (Ref., 12, Table 3),

(5) AFE-332 at 22°C, per procedure of ASTM D-412-68, using O-ring
samples (samples prepared at TRW; Ref, 12, Table 3),

(6) AFE-332 at 22°C, per procedure of ASTM D-412-68, using O-ring
gamples in hydrazine following immersion in hydrazine for 100 h
at 70°C (samples prepared at TRW; Ref, 12, Table 3),

(77 AFE=102 at 22¢C, per procedure of ASTM D-412-68, using O-ring
Bathples (materials compounded at JPL and inéluded a mddifi-
¢ation obtained by substitution of one filler eonstituent; Ref, 12,
Table 3). )

' (8) Same as item (N7), except in hydrazine following immersion in
hydrazine fer 100 h at 70°C (Ref, 12, Table 3),

(9) AFE+332 at 22°C, per procedure of ASTM D-412-68, using O-ring
samples, following immersion in refluxing isopropyl alcohoel for
100 h at 82°C (Ref, 12, Table 4).

(10)  Same as item (M7) above, except followed immersion {n refluxing
isopropyl alcohol for 100 h at 82°C (Ref, 12, Table 4),

(11) EPT-10 (not postcured) at 22°C, per procedure of ASTM
D-412+68, udsing O-ring samples; following immersion in reflux- :
ing isopropyl alcohel fof 100 h at 82°C (material compounded at .‘
JPL; Ref, 12, Table 4),

(12) Simila¥ to (N1) above, except followed irimersion in refluxing
igopropyl alcohol for 100 k at 82°C (Ref, 12, Table 4),

132 JPL Techiical Memorandum 33-561




(13)

(14)

(15)

(16)

§

(17)

AFE-332 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (samples prepared at TRW; Ref, 12,
Table 5}.

AFE-102 at 22, 48, and 79°C, per procedure of ASTM D-412-68,

usihg O-ring samples (samples prepared at TRW; Ref, 12,
Table 5),

AFE-102 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
uging O-ring samples (material compounded at JPL; Ref, 12,
Table 5).

EPT-10 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (material compounded at JPL; Ref, 1¢,
Table 5).

Similar to item (M1) above, eéxcept also at 48 and 79°C (Ref, 12,
Table 5).

N. Modulus

(1)

(2)

(3)

(4)

(5)

Modulus at 100% elongation: DuPont LD-2613 at 22°C, per
procedure of ASTM D-412-68, using O-ring samples, 20 in, /min
crosshead speed in the Instron tester (materials included samples
prepared at JPL without filler from compound with ho accelerator
and from compound with accéléerator, also samples prepared at
JPL with various fillers from compound without accelerator and
from compound with accelerator; Ref, 12, Table 2).

Sithilar to itetn (N1) above, éxcept in hydrazine following immer-
sion in hydrazine for 100 h at 70°C (Reéf, 12, Table 3).

EPT-10 at 22°C, per procedure of ASTM D-412-68, using
O-ring sampled (materials cornpounded at JPL and included two
modifications: orne was obtained by simply omitting the postcutre;
the bthér was obtained by substituting a peroxide cure for the
sulfur cure; Ref, 12, Table 3).

Same as item (N3) abové, except in hydrazine following immer-
sionl in hydrazine for 100 h at 70°C (Ref. 12, Table 3).
AFE-332 at 22°C, per procédure of ASTM D-412-68, using
O-#ing samples (samples prépared at TRW; Ref, 12, Table 3).
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(6}

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

AFE-332 at 22°C, per procedure of ASTM D-412-68, using
O-ring samples in hydrazine following immorsion in hydrazine
for 100 h at 70°C (Ref, 12, Table 3),

AFE-102 at 22°C, per proccdure of ASTM D-412-68, using
O-ring samplos (materials compounded at JPL and included a
modification obtained by substitution of a filler crastituent;
Ref, 12, Table 3),

Same as item (N7) above, except in hydrazine following immer-
sion in hydrazine for 100 h at 70°C (Ref, 12, Table 3),

AFE-332 at 22°C, per procedure of ASTM D-412-68, using
O-ring samples, following immersion ih refluxing isopropyl
alcohol for 100 h at 82°C (sarmples prepared at TRW; Ref, 12,
Table 4),

Same as item (N7) above, except followed immersion in réfluxing
isopropyl alcohol for 100 h at 82°C (Ref, 12, Table 4).

EPT-10 (not postcured) at 22°C per procedire of ASTM
D-412-68, using O-ring saimples, following immersion in reflux-
ing isopropyl alcohel for 100 h at 82°C (material compouided at
JPL; Ref, 12, Table 4},

Similar to item (N1) above, except followed immersion in reflux-
ing isopropyl alcohol for 100 h at 82°C (Ref, 12, Table 4).

AFE-332 at 22, 48, and 79°C, pér procedure of ASTM D-412-68, .
using O-ring samples (samples prepared at TRW; Ref, 12, L 7
Table 5), ‘

AFE-102 at 22, 48, and 79°C, per procedure of ASTM D-4]2-68,
using O=ring samples (samples prepared at TRW; Ref. 12,

Table 5), !
AFE-102 at 22, 48, and 79°C, per procedure of ASTM D-412-68,
using O-ring samples (material compounded at JPL; Ref, 12,
Table 5). . (

EPT-10 at 22, 48, and 79°C, per procédure of ASTM D-412-68,
using O-ring saniples (material conipsunded at JPL; Ref, 12,
Table 5),
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9‘

10.

11,

12,

(17) Similar to item (N1) above except alse at 48 and 79°C (Ref, 12,
Table S)n
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APPENDIX D
EPT-10 PROPERTIES AS A FUNCTION OF HYDRAZINE IMMERSION TIME

The material presented in this appendix is taken from Technical
Memorandum 101, Pressure Systems, Inc,, Los Angeles, Calif,, Mar, 31,
1971,
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RUBBER COMPOUND EPT-10 WITH HYDRAZINE

Long term hydrazide immersion teats are belhg conducted with ethylene
propylenc rubber compound EPT-10, The data centained in this report covers
an exposure period of 1, 5 years, Since the test is being conducted in
Southern California, under ambiént conditions, the mean test temperature
has been appreximately 65°F with extremies ranging from 35 to 110°F, The
test began in September of 1969 and will continue for three years,

Figures 1 and 2 contain data on selected properties, Each point repre-
gents the mean of three values which were obtained from standard ASTM
tensile samples, The data has beén plotted on a semi-log scale to accentuate
the short term aging where most of the changes ocecurred,

Figure 1 shows that mechanical properties are affected more within the
first two days than during any subsequent period, It is interesting to note

‘ that the elongation shows an increase while both the tensile strength and 100% .1,71’
- modulus show initial drops fellowed by an increase which appears to stabilize (
' at approximately 60 days., The increase in. elongation from 290 to 380% is,
of course, desirable in diaphragm and bladder applications, Shore hardness
values ranged from 75 to 80 with no trend, The latest value after 1-1/2
years was 77,

Figure 2 describes the change in léngth and weight after hydrazine
immersion, Again, the major changes occurred during the early phases with
stabilization at approximately 100 days,

The changes in propertiés are minimal and should not preclude the use : 1
of EPT-10 as a diaphragim material in hydrazine positive expulsion systems,

S—
—— -
. ERy
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Fig. 1. Mechanical properties vs immersion time in

hydrazine
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Fig, 2. Swelling characteristics of EPT-10 vs
immersion time in hydrazine
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