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TABLE ' PROPELLANTS UNDER STUDY
Ethylenediamine
Propellant RP-1 LH C2H4(NHz)2 UDMH Hydrazine LOX NTO IRFNA

Molecular 165

Weight 195 2 60.1 60.08 32.048 32 92.02 55.9
Freezing Point, -47 -434 46 -72 34.5 -363 11 -57

or Range, °F -64 52
Boiling Point, 342 -423 243 146 235.4 -297 70 150

or Range, °F 507

Vapor Pressure 0.33 162 at 2.13 17.6 2.8 37 at 111 17.

at 160°F, psi -420 °F -280°F

Density at 68°F 0.3 0.00511 0.905 0.789 1.01 1.14 1.44 1.!

Sp. Gravity 0.82 1b/ft3 (-297°F)

Stability Auto Igni- Good Good Moderate Good Function of G it normal
tion at Temperature 1 rerature
470°F

Shock

Sensitivity Insensitive Insensitive Insensitive Insensitive Insensitive Insensitive Insensitive Insc :itive

Storage Life Good Cryogenic Good Good Good if Cryogenic Good if dry Good

Sealed
#lash Point, °F 139 110 34 100
Storage Steel Tanks, Cres Tanks Tin or glass Steel Tanks, Cres or Mild steel Steel or Cres
Drums Drums Aluminum

Toxicity No No Yes Yes Yes No' Yes Yes

Oxidizer X X X

Fuel X X X X X

Maximum

Allowable

Concentration,

Parts per

Million 10 1 1 5 5









are removed in the track, showing that abrasive wear is present. Figure 13 shows the surface of a
new test bearing ball. Figure 14 shows a similar ball from the bearing operated in liquid hydrogen.

Liquid Oxygen

Liquid oxygen is the standby oxidizer for most large, liquid-fueled rocket engines. It is a
cryogenic, boiling at -297°F. It is nontoxic and noncorrosive by itself. It is not shock or friction
sensitive except when in contact with organic materials.

Low-power geartrains have been operated submerged in liquid oxygen. Results show that
hard (60 R.) materials such as 9310 carburized and Nitralloy 135M have low wear rates at tooth loads
up to 770 1b/in. of face width. Preliminary test results are given in detail in WADD TN 60-237.

Ball bearings have been operated successfully in liquid oxygen. The best performi bearings
tested were identical to those used in liquid hydrogen. Figure 15 shows the edge of the % rackon
the inner race of a liquid oxygen test bearing after 9 hours at 6500 rpm under a 330-1b load. Figurel6
shows the surface of a ball from the same bearing.

Nitrogen de
Nitrogen tetroxide (N2Oy4) is a strong toxic oxidizer useful because of its long storage life.
Tests indicate that the 440-C bearing equipped with glass-supported Teflon cage is satisfa ry for
operation in nitrogen tetroxide. Figure 17 shows the inner race of a ball bearing that was run for
4-1/2 hr at 6500 rpm under a 300-1b thrust load in nitrogen tetroxide. Figure 18 shows the ball
track of the same bearing at 220X. Figure 19 shows the surface of a ball from the same bearing.

FUTURE TESTING
Although scheduled for the immediate future, no testing has been conducted in the following
propellants. A brief description of each may demonstrate the problems inherent in their use as
lubricants.
Hydrazine
Hydrazine is a monopropellant which decomposes when catalyzed by any of many oxides,
including rust. It is toxic and caustic to most metals. It may enter the body by inhalation or absorp-

tion through the skin, causing serious disorders.

Unsymmetrical N~rathvlhydre »ine

Unsymmetrical dimethylhydrazine (UDMH) is compatible with most common metals. All
systems mustbe properly passivated prior to use with UDMH. Toxicity is similar to that of hydrazine.

F¢--lene Diamine
hylene diami (EDA) is not usually thought of i a propellant by itself, but is used as an
additive with UDMH and hydrazine. It is a toxic material capable of inflicting caustic burns. Its gh

freezing point {46 to 52°F) complicates testing during cool weather.

Inhibited Red Fuming Nitric Acid

Inhibited red fuming nitric acid (IRFNA) is a strong toxic, corrosive oxidizer also useful
because of good storage life. Inhibited red fuming nitric acid is not shock sensitive except in the
presence of organic materials. Teflon, Kel-F, aluminum and most of the 300 series stainless steels
are compatible with IRFNA.. The 400 series stainless steels are somewhat less corrosion-resistant.
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CONCLU )NS

clusions ma duri: the « .rse of the program are better named expec ions. It is
at:

(1) 11 .rings can be ope ed at one million DN val  in the eight propellants shown
in Table 1. Materials required are:

(a) 440-C (low molybdenum content) rings and balls.
(b) Glass-supported Teflon cages.

(2) Successful propellant-lubricated gears are required to:
(a) Be compatible with propellant.
(b) Be hard (54 R, minimum).
It is expected that 440-C will meet these requirements.

In summary, tribocomponents operated in propellants are expected to be subject to lower than

normal limitations in load capacity and life. The present program is aimed at defining these limita-
tions.
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