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ABSTRACT 

V 
A compilation and an evaluation of experimental data obtained 

from the available literature are presented on the compatibility of 

various metals, plastics and elastomers, and miscellaneous materials 

with hydrazine and hydrazine-hydrazine nitrate-water mixtures. An 

effort has been made to present this material in a condensed tP bular 

form for ready reference and also in sufficient detail to outline the 

limitations of the test data. 

T 

I. INTRODUCTION 

In order that hydrazine and hydrazine-rich mixtures 
may be used to full advantage as roclcet fuels or gas 
générants, their compatibility with various materials must 
be Vnown. A great quantity of research and development 
work on hydrazine has been accomplished since the com¬ 
pound was determined to have practical application. In 
virtually all cases, the organization doing the work has 
conducted an independent experimental program to 
obtain information on the compatibility of hydrazine with 
various materials, in order that suitable facilities and 

equipment might be constructed. This information is 
available in varying quantities in numerous reports. How¬ 
ever, for the user entering into the application of hydra¬ 
zine for the first time, the acquisition of a working 
knowledge of compatible materials for the job at hand 
is rather time consuming. The purpose oi this Memo¬ 
randum Is to consolidate and, where possible, to evaluate 
in an easily referable form all óf the compatibility Infor- 
mi. ;on that is readily available concerning hydrazine and 
hydrazine-hydrazine nitrate-water mixtures. 
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ABSTRACT 

V 
A compilation and an evaluation of experimental data obtained 

from the available literature are presented on the compatibility of 
various metals, plastics and elastomers, and miscellaneous materials 
with hydrazine and hydrazine-hydrazine nitrate-water mixtures. An 
effort has been made to present this material in a condensed tabular 
form for ready reference and also in sufficient detail to outline the 
limitations of the test data. ,, 

T 

I. INTRODUCTION 

In order that hydrazine and hydrazine-rich mixtures 
may be usel to full advantage as rocket fuels or gas 
gnnerants, th air compatibility with various materials must 
Ihj known. A great quantity of research and development 
work on hyd razine has been accomplished since the com- 
pomul was determined to have practical application. In 
virtually all cases, the organization doing the work has 
conducted m independent experimental program to 
obtain information on the compatibility of hydrazine with 
various materials, in order that suitable facilities and 

equipment might be constructed. This information is 
available in varying quantities in numerous reports. How¬ 
ever, for the use.- entering into the application of hydra¬ 
zine for the first time, the acquisition of a working 
knowledge of compatible materials for the job at hand 
is rather time consuming. The purpose of this Memo¬ 
randum is to consolidate and, where possible, to evaluate 
in an easily referable form all of the compatibility infor¬ 
mation that is readily available concerning hydrazine and 

hydrazine-hydrazine nitrate-water mixtures. 

CONFIDiNTIAL 



Jtt Propvltian Laboratory 

Memorandum No. 20-152 

CONftDBNTIAL 

tl. FACTORS IN EVALUATING COMPATIBILITY 

The compilation of mnteriuls-compatibility infonna- 
tion for anhydrous hydrazine, hydrazine hydrate, and 

hydrazine-hydrazine nitrate-water mir tures has been a 
lengthy but straightforward task; however, a complete 
evaluation of the compatibility of a particular material 
has, in many cases, not been possible because of inade¬ 
quate test data or because of th inability to define a 
universally applicable standard of compatibility. In 
describing the compatibility of a particular material with 
hydrazine, the following factors must be taken into con¬ 
sideration; 

1. The effects of hydrazine on the material, ns evi¬ 
denced by a loss or gain in the weight of the 
material, a color change, a dimensional change, 
loss of elastomeric properties, etc. 

2. The effect of the material on the rate of decom¬ 
position of hydrazine, as evidenced by a pressure 
rise in sealed containers, the evolution of gas, a 
change in the composition, weight, or color of the 
liquid, etc. Ions, oxides, or the leaching of con¬ 
stituents from the material may influence the 
autodecomposition of hydrazine. 

Both of these factors are, in turn, influenced by initial 
hydrazine purity, the temperature at which contact 
occurs, the duration of contact, and the surface area of 
the material in contact with the hydrazine. 

When consideration is given to all these factors, there 
are few materials which can be fudged completely com¬ 
patible with hydrazine, fn almost all cases, the suitability 
of a material becomes a matter of the specific application. 
A particular metal may be satisfactory for an application 
where air oxidation of the metal surface can be reliably 
avoided, whereas it may be completely unacceptable for 
a similar application in which prolonged exposure to air 
cannot be avoided. 

The existence of varying degrees of compatibility makes 

a simple presentation of materials acceptability difficult 
and, in many cases, misleading. The presentation of a 
compatibility evaluation in chart form only, describing 
materials as being either good or bad, does not give the 
user much leeway on material selection, nor does it supply 
all the information that he should possess before employ ¬ 
ing a material in a particular application. For this reason, 
the data compiled herein are presented both in a con¬ 
densed summary form for ready reference and also in 
detail, so that the limitations of the test data are readily 
apparent. 
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III. COMPARAÏIVE COMPATIBILITY OF VARIOUS MATERIALS 

It is the purpose of this Section to present, in condensed- 
summary form (Table 1), the present author’s evaluations 
of the compatibility data available for numerous metals, 
plastics and elastomers, and miscellaneous materials. 

In Table 1, the following symbols are used to represent 
varying degrees of compatibility: 

A—Material is acceptable for general service. 

B—Material is acceptable for limited service. See 

Sec. IV for specific limitations. 

C—Material should be avoided. See Sec. IV for data 

on which this conclusion is based. 

TaUt 1. Summary of (ho Comparative Compatibility of Various Materials With 
Hydrazine and Hydrazine Mixtures 
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IV. COMPILATION AND EVALUATION OF EXPERIMENTAL DATA 

A. Mofáis 

2. Aluminum. Aluminum and a number of aluminum 
alloys are considered to be suitable for general use with 
hydrazine and hydrazine-hydrazine nitrate-water mix¬ 
tures containing as much as 20 to 30% hydrazine nitrate. 

Picatinny Arsenal reports that aluminum alone, of all 
common metals tested, was unaffected after storage for 
1 yr in anhydrous hydrazine, both at room temperature 
and at 149°F. Data from the Naval Ordnance Laboratory 
also indicate that aluminum was unaffected and had not 
significantly contributed to the decomposition of anhyd¬ 
rous hydrazine after contact for 1 yr at ambient tempera¬ 
tures. The data from other agencies are for tests of shorter 
duration, but, in general, substantiate these results within 
the time limits of the tests. Grades of aluminum for which 
at least some data exist and which, it is believed, can be 
used without restriction with anhydrous hydrazine are 

2S, 2SO, 2SH, 3S and 3SH. 

Data for aluminum alloys in contact with anhydrous 
hydrazine do not cover as lengthy periods of time as do 
those for pure aluminum. However, from the results of 
the tests, It is believed that aluminum alloys 75ST, 24ST, 
52ST, and BIST are all satisfactory, but should be given 
preference in the order shown. Experimental data are 
meager with regard to aluminum alloys 40E, 43, XA-545, 
and 716. Until additional data are available, it is con¬ 
cluded that alloys 43, XA-545, and 716 should be con¬ 
sidered suitable only for short term application, but that 
40E should be avoided because of the possibility that 

zinc might be leached from the alloy. 

Test results for commercially pure aluminum with 
hydrazine nitrate mixtures have not been completely con¬ 
silient. The Naval Ordnance Laboratory obtained varying 
data which indicated decreasing compatibility as the per- 

"centage of hydrazine nitrate was increased. However, this 
organization recommended that additional testing should 
be undertaken to clarify the results. The Navord data, as 
well os data from Mathiesen Chemical Corporation, indi¬ 
cate the acceptability of aluminum with hydrazine- 

hydrazine nitrate-water mixtures containing approxi¬ 
mately 20 to 30% hydrazine nitrate. It is believed that 2S, 
2SH, and 3S aluminum should be considered completely 
acceptable in contact with hydrazine nitrate concentra¬ 

tions up to the percentages noted above, but that addi¬ 
tional data should be obtained for long-term compatibility 

of the more concentrated nitrate mixtures. 

The aluminum alloys 24ST, 52ST, 61ST, and 75ST 
appear to have been generally unaffected by the hydra¬ 
zine nitrate mixtures and did not significantly influence 
the stability of these propellants. Consequently, it is con¬ 
sidered that all these alloys are acceptable, but should be 
used in the same order of preference previously indicated 
for anhydrous hydrazine (75ST, 24ST, 52ST, and 01ST). 

Tire apparent high degree of compatibility exhibited 
by aluminum in contact with hydrazine may result from 
the fact that aluminum ionr or^ apparently noncatalytic 
in the decomposition of hydrazine (Ref. 1). ft has also 
been reported (Ref. 2) that aluminum oxide (ALOj) has 
a remarkable stabilizing effect upon hydrazine. Aluminum 
oxide formed on the metal surface may act as a buffer. 
In this respect, it would appear that anodization of 
aluminum in conta * with hydrazine would be advan- 
tagfous. Only one test is reported for anodized aluminum. 
In this test, which was performed with 45.0 wt % NjHjNO, 
and 9.9 wt % H20 in NaH4 at 162 to 165°Ft no reaction 
other than a slight discoloration of the solution was 

observed after 7 days. 

Experimental Data 

Material tested: Aluminum 25 ( Alcoa 2S, 99% A1 ) 

Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Rolled sheet 
Propellant: Anhydrous hydrazine (95.09%) 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Timer 120 hr 
Remits: Negligible corrosion was observed. 

Material tested: Aluminum 2SO 
Source of data: Ref. 4 
Number of samples tested: 1 

Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6%) 

Pressure: Atmospheric 

CONFIDENTIAL Pat* 5 
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IV. CCMPILATIOK AND EVALUATION Of EXPERIMENTAL DATA 

A. Mtfals 

L Aluminum. Aluminum and a number of aluminum 
alloys are considered to be suitable for general use with 
hydrazine and hydrazine-hydrazine nitrate-water mix¬ 
tures containing as much as 20 to 30Ï hydrazine nitrate. 

Picatinny Arsenal reports that aluminum alone, of all 
common metals tested, was unaffected after storage for 
1 yr in anhydrous hydrazine, both at room temperature 
and at 149°F. Data from the Naval Ordnance Laboratory 
also indicate that aluminum was unaffected and had not 
significantly contributed to the decomposition of anhyd¬ 
rous hydrazine after contact for 1 yr at ambient tempera¬ 
tures. The data from other agencies are for tests of shorter 
duration, but, in general, substantiate these results within 
the time limits of the tests. Grades of aluminum for which 
at least some data exist and which, it is believed, can be 
used without restriction with anhydrous hydrazine are 

2S, 2SO, 2SH, 3S and 3SH. 

Data for aluminum alloys in contact with anhydrous 
hydrazJnè do not cover as lengthy periods of time as do 
those for pure aluminum. However, from the results of 
the tesfs, if is believed that aluminum alloys 75ST, 24ST, 
52ST, and fllST are all satisfactory, but sliould he given 
preference in the order show*. Experimental data are 
meager with regard to aluminum alloys 40E, 43, XA-545, 
arid 716. Until additional data are available, it is con¬ 
cluded that alloys 43, XÁ-545, and 716 should be con- 
sldered süitáble only for short term application, but that 
40E should be avoided because of the possibility that 

ziric ml gilt bè leached from the alloy. 

Test results for commercially pure aluminum with 
hydrazirie nitrate mixtures have not been completely con¬ 
silient. the Naval Ordnance Laboratory obtained varying 
data which indicated decreasing compatibility as the per¬ 
centage bf hydräziiic nitrate was increased. However, this 
organization recommended that additional tesüng should 
be undertaken to clarify the results. The Nävord data, as 
well as data from Mathiesen Chemical Corporation, indi¬ 
cate tbe acceptability of alümínum With hydrazine- 
hydrazine nitrate-wáter mixtures containing approxi¬ 
mately 2Ö to 30% hydrazine nitrate. It is believed that 2S, 
2SH, arid 3S aluminum should be considered completely 
acceptable in contact with hyrhazine nitrate cottcentra- 

COÑHDtNTÍÁt 

tions up to the percentages noted above, but that addi¬ 
tional data should be obtained for long-term compatibility 

of the more concentrated nitrate mixtures. 

The aluminum alloys 24ST, 52ST, 61 ST, and 75ST 
appear to have been generally unaffected by the hydra¬ 
zine nitrate mixtures and did not significantly influence 
the stability of these propellants. Consequently, it is con¬ 
sidered that all these alloys are acceptable, but should he 
used in the same order of preference previously indicated 
for anhydrous hydrazine (75ST, 24ST, 52ST, and 61ST). 

Ti e apparent high degree of compatibility exhibited 
by aluminum in contact with hydrazine may result from 
the fact that aluminum ions are apparently noneataJytic 
in the decomposition of hydrazine (Ref. I). It has also 
been reported (Ref. 2) that aluminum oxide (Al;0a) has 
a remarkable stabilizing effect upon hydrazine. Aluminum 
oxide formed on the metal surface may act as a buffer. 
In this respect, it would appear that anodization of 
aluminum in conto * with hydrazine would be advan¬ 
tageous. Only one test is reported for anodized aluminum. 
In this test, which was performed with 45.0 wt % NjHsNO, 
and 9.9 wt % HaO in N3H4 at 162 to ie5°F, no reaction 
other than a slight discoloration of the solution was 

observed after 7 days. 

Experimenta! Dala 

Material tested.- Aluminum 2t> ( Alcoa 2S, 99% Al ) 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape Of sample: Rolled sheet 
Propellant: Anhydrous hydrazine (95.09%) 
Pressure: Atmospheric 
Temperature: 20 to 25ÜC (b8 to 77°F) 

Time: 120 hr . 
Resuíte: Negligible corrosion was observed. 

Material tested: Aluminum 2SO 
Source Of data: Ref. 4 
Number of samples tested: .1 
Shape of sample: Strip 
Propellant: Ànhydtoüs hydrazine (95.6%) 
Fressure; Atmospheric 
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Tomporttime; 20°C (68°F) 
Time: 24 days 
Results: No change was noted in the specimen or the 

solution. 

Material tested: Aluminum 2S 

Source of data: Ref 5 
Number of samples tested: 4 

Shape of samples; Strip, 10 mm X 100 mm X 3 mm 
Propellants: 97.5¾ N3H,-I.9iF H2O-0.6* NH* 

78.4¾ N,H,-18.1¾ N2HRNOn-3S Ha<>- 
0:5¾ NH, 

44.9* N-H*-45.3* N:H,NO,-9.4* HaO- 
0.4* NH3 
19.6* N3H,-78.4* N,H^NOtI.8* H20- 
012* NH« 

Pressure: Closed system, initially atmospheric 
Temperature: Ambient 
Time: 36 to 344 days 
Results: The results of this test are varied, depending on 

the particular solution used. The test of 2S in 
the 45-45-10 mixture exhibited a large and 
rapkl gas formation. The test was discontinued 
after 112 days, when 202 ml of gas had been 
collected. There was a large reduction in the 
weight of the strip, and extensive corrosion, 
mostly in the vapor phase, had occurred. The 
composition of the solution had not changed 
materially. 

The test of 2S in the 19.6-78.4-1.8 solution 
showed a rapid rate of pressure rise for the first 
3d days, At this time, the flask was accidentally 
broken. Subsequent retest of 2S in this solution 
showed no abnormal rate of pressure rise; how¬ 
ever« at the end of 344 days« 15 Cc of gas had 
been evolved as compared with the 9.6 cc 

obtained from the control solution after 384 
days. These data« plus the fact that there was a 
greater reduction of N,H5NOa concentration in 
the test solution than in the control solution, 

Indicate that the 2S increased the rate of 
decomposition. The strip showed a white 

incrustation at the immersed part, but Only 
slight attack. 

In anhydrous hydrazine and in the 78.4- 

18.1-3 solution, the strips Were apparently 
unaffected, With the exception that thé 78.4- 

18.1-3 sample showed slight discoloration. 
Sample-weight differences were negligible and 
che composition of the soluta •'ns had not altered 
significantly from that of the controls. 

NAVORD recommends that a final conclu¬ 
sion regarding the compatibility of 2S alumi¬ 
num with the hydrazine nitrate solutions should 
await further tests. Its use with anhydrous 
hydrazine appears acceptable. 

Material tested: Aluminum 2S 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5*) 

Pressure: Closed system, initially atmospheric 
Temperature: 26°C (S0°F) 
Time: 30 days 
Rendís: Slightly over 2* of the hydrazine was decom¬ 

posed. 

Material tested: Aluminum 2S 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5*) 
Pressure: Closed system, initially atmospheric 
temperature: 0O°C (140°F) 
Time: 30 days 
Results: Approximately 4* of the hydrazine was decom- 

posed; This was about the same as that noted 
in the blahk run in glass, 

Material tested: Aluminum 2S 
Source of data: Ref. 8 
Number of samples tested: 1 

Shape of samplet Strip 
Propetianti Anhydrous hydrazine 
Pressure: Closed system, initially atmospheric 
Temperature: 0O°C (140^) 
Time: 4 niö 
Results: The sample Was unaffected and did not decom¬ 

pose the hydrazine to any extent. 

Material tested: Aluminum 2SH-14 
Source of data: Ref, 7 
KTtimber of samples tested: 3 

Shape Of smpíes: Strip, 2 in. X ½ in. X in. 
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Propellants: 95¾ NaH4-52 H30 
65¾ NjHi-303 NaHsN03-5S HaO 
60¾ NA-30S HaO 

Presswrir: Atmospheric 

Temperature: 60°C (140°F) 
Time: 2 wfc 
Results: A slight weight increase (0.03%) and a slight 

scale formation at the liquid-vapor interface 
, occurred with the anhydrous hydrazine solu¬ 

tion; the hydrazine remained colorless. No 

weight change toolc place in the hydrazine 
nitrate solution with 5% water, but a slight yel¬ 
lowing of the solution was observed. A weight 
loss of 0.01% was noted in the hydrazine nitrate 
solution with 10% water, and the solution 
showed yellowing. The color change is believed 
due to the presence of traces of aniline in the 
hydrazine. No dimensional changes occurred in 

any samples. 

Material tested: Aluminum 3S 
Source of data: Ref. 8 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 70% N,H«-25* N,tt5NO.t-5* HsO 
Pressure: Atmospheric 
Tempefatute: 71°C (10O°F) 
Time: 9 wk 
Results: The test solution had not changed significantly, 

and the specimen appeared unaffected. 

Material tested: Aluminum 3S 

é Source of data: Ref. 0 
Number of samples tested: lor 2 
Shape of samples: Strip 
Propeliam: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 20°C (80°F) 
Time: 30 days 
Results: Approximately 1.5% of the hydrazine was 

decomposed. 

Material tested: Aluminum 3S 
Source of data: Ref. 8 
Number of ¡samples tested: 1 or 2 
Shape of samples: Strip 
PiVpelJant: Anhydrous hydrazine (95.5%) 

Prcsstire: Closed system, initially atmospheric 
Temperature: 60°C (140C>F) 
Time: 30 days 
Results: The hydrazine was approximately 9% decom¬ 

posed. 

Material tested: Aluminum 3SH-14 

Source of data: Ref. 7 
Number of samples tested: 3 
Shape of samples: Strip, 2 in. X V¿ in. X Vic in. 
Propellants: 95% N2H,-5% H.O 

65% NsH<-30% N2H3NOj-5% H,0 
60% N,H4-30% N2HsNOj-10% HsO 

Pressure: Atmospheric 
Temperature: 60°C (140°F) 
Time: 2 wk 
Resulte; A weight increase of 0.01% occurred in the 

specimen tested in »he anhydrous hydrazine 
solution, accompanied by some scale at the 
liquid-vapor interface. The solution remained 
colorless. In both the hydrazine nitrate mix¬ 
tures, the samples showed a weight loss of 
0.02%, accompanied by yellowing of the solu¬ 

tion. The yellowing is believed due to the trace 
presence ^ uniline. No change occurred in the 
size of any of the samples. 

Material tested: Aluminum 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip, 5 cm X 1 cm X 9.4 cm 
Propellant: Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 
Time: 12 mo 
Results: No change was observed hi the weight or 

appearance of the sample at »he end of 12 mo. 

Material tested: Aluminum 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip, 5 cm X 1 cm X 0.4 cm 
Propellant: Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: 12 mo 
Results: No change had occurred in the weight or 

appearance of the sample at the end of 12 mo. 
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Material tested: Anodized nluminum (green) 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 45* N2Ht-45* N3H5NOS-10* H20 
Pressure: Atmospheric 
Temperature: 72 to 74°C (162 to 165°F) 
Time: 7 days 
Resi/frs: A color change took place in the solution. 

Otherwise, no reaction was apparent. 

Material tested: Aluminum 24ST 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 

Propellant: Anhydrous hydrazine (05.6%) 
Pressure: Atmospheric 
Temperature: 20°C (68°F) 
rime: 24 days 

Results: No change was observed in the specimen or 
the solution. 

Material tested: Aluminum 24ST 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 45% NxH*-45% N2H8NO3-10% H20 
Pressure: Atmospheric 
Temperature: 72 to 74°C (162 to 165°F) 

Time: 7 days 
Results: No loiis or gain in weight was noted. The speci¬ 

men apparently remained unaffected. 

Material tested: Aluminum 24ST-3 
Source of data: Ref. 7 
Number of samples tested: 3 
Shape of samples: Strip, 2 in. X Vj in. X Via in, 
Projwllants: 95% NaH4-5% H20 

65% N:H,-30% N.HaN03-5% H-O 
60% N5H4-30* N2HdNO3-10% H20 

Pressure: Atmospheric 
Temperature: 80DC (140nF) 
Time: 2 wk 
flesufts: A weight increase of 0.07% was noted for the 

specimen in the anhydrous hydrazine, with a 
slight scale formation at the liquid-vapor inter¬ 
face. No change occurred in the color of the 
solution. The sample in the hydrazine nitrate 

solution with 10% H30 showed a 0.20% weight 
gain. Both solutions had turned yellow; this was 
believed due to the presence of traces of aniline. 
No change in dimension occurred for any of the 
sampler. 

Material tested: Aluminum 24ST 
Source of data: Ref. 11 
Number of samples tested: 3 

Shape of samples: 8-cc bomb of 24ST alloy with pres¬ 
sure gage, 50% ullage 

Propellants: 98% NäH4-2% H20 

65% N2H4-30% NjHnNOa-S* H,.G 
60% N2H4-30% N2H6NO;i-10% H20 

Pressure: Initially atmospheric 
Temperature: 60°C (MO^F) 
Tims: 30 days 
flesti/fc; During the initial heating period, the pressures 

in the bombs rose rapidly to 4 to 8.5 psig. Hie 
rate of pressure rise decreased with time for all 
the bombs. The rate for the anhydrous hyrazine 
averaged 0.17 psi/day, based on final pressure 
at 18°C. The bomb containing the hydrazine 
nitrate Mure with 5% water showed an aver¬ 
age pressure rise of 0.13 psi/day. The bomb 
containing the hydrazine nitrate mixture with 
10% water showed an average pressure rise of 

0.17 psi/day. It is believed that most of the 
initial pressure rire was due to NHa vapor 
pressure. 

Material tested: Aluminum 24S 
Source of data: Ref. L2 

Number of samples tested: 2 
Shape of samples: Strip 
Propellant: Eutectic hydrazine (actual NaH4-HsO pro¬ 

portions not given) 

Temperature: Ambient 
rime: 30 days 
Results: With hydrazine from Mathieson, there was a 

heavy brown deposit on the specimen. With 

hydrazine from Fairmount, the material was 
black and badly corroded. 

Material tested: Aluminum 24S 

Source of data: Ref. 12 
Number of samples tested: 2 

Shape of samples: Strip 
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Propellant: Eutectic hydrazine (NjH^-HaO proportions 

not given) 
Pressure: Atmospheric 
Temperature: 49°C (120°F) 
Time: 30 days 

Results: The specimen in Mathieson hydrazine had a 
light brown deposit. The specimen in Fair- 
mount hydrazine was black and badly corroded. 

Material tested: Aluminum 40E (5¾ Zn, 0,5¾ Cr, 0.2¾ Ti, 
1.0* Fe, 0.4¾ Cu, 0.3% Mn, 0.3% Si, 

balance Al) 
Source of data: Ref. 3 

Number of samples tested: 1 
Shape of sample: Cast section 
Propellant: Hydrazine hydrate (66% NaH4) 
Pressure: Atmospheric 
Temperature: 14 to 24cC (57 to 75°F) 
Time: 67.5 hr 
Results: Slight corrosion occurred, causing a 0.07% 

change in weight. Zinc-bearing alloys should 

be avoided. 

Material tested: Aluminum 43 (5.0% Si, 0.8% max Fe) 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Cast section 
Propellant: Hydrazine hydrate (66% NiH4) 
Pressure: Atmospheric 
Temperature: 14 to 25°C (57 to 77°F) 
Time: 67.5 hr 
Results: The surface of the sample turned blue. No 

change occurred in the weight of the sample. 

Material tested: Aluminum 52ST 
• Source of data: Ref. 10 
Number of samples tested: 2 
SItapc of samples: Strip 
Propellant: 45% NjH4-45% NaHaNO3~10% HaO 
Pressure: Atmospheric 
Temperature; 72 to 74°C (162 to 165°F) 

Time: 7 days 
Results: No loss or gain in the weight of the samples was 

observed. 

Material tested: Aluminum 52ST 

Source of data: Ref. 8 
Number of samples tested: 2 

Shape of samples: Strip 
Propellant: 70% NsH,-25% NjHiMOr-5% H,0 
Pressure Atmosp 11 ^rie 
Temperature: 71°C (160°F) 
¿ ime: 9 wk 
Results: The test solution had not changed significantly, 

and the specimens appeared unaffected. 

Material tested: Aluminum 52SH-34 
Source of data: Ref. 7 
Number of samples tested: 3 
Shape of samples: Strip, 2 in. X ½ in. X Via in. 
Propellants: 95% N2H4-5% H50 

65% NoHi-30% NaH.NO,-5% HaO 
60% N2H*-30% NaH3NO3-10% HaO 

Pressure: Atmospheric 
Temperature: 60°C (140°F) 

Time: 2 wk 
Results: The samples showed a 0.03% weight increase in 

anhydrous hydrazine, with slight scale at the 

interface, but no solution discoloration. The 
tests in both hydrazine nitrate solutions showed 
0.01% weight losses and solution yellowing. The 
yellowimr is believed to be caused by trace 
quantities of aniline. No change in the dimen¬ 
sions of any of the samples was noted. 

Material tested: Aluminum 61ST 
Source of data: Ref. 10 
Number of samples tested: 2 
S/iapc of samples: Strip 
Propclk*-.:. 45% N2H5NO,-10% HaO 
Pressure: Atmospheric 
Temperature: 72 to 74°C (162 to 165°F) 

Time: 7 days 
Results; No loss or gain in weight was noted in either 

specimen. 

Material tested: Aluminum 61ST 
Source of data: Ref. 8 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 70% N2H4-25% N2H5N03~5% HsO 
Presmre: Atmospheric 
Temperature; 71°C (160°F) 

. Time: 9 wk 
Results; The samples were slightly tarnished and showed 
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«i slight weight increase. The test solution had 
not changed significantly. 

Material tested: Aluminum 61ST-6 
Source of data: Ref. 7 
l lumber of samples tested: 3 

Shape of samples: Strip, 2 in. X ½ in. X Via in. 
Propellants: 95* N^-S* H20 

65* N2H»-30* N2HaN03-5* HsO 

60* N,H4-30* NjHaNOa-lOK HsO 
Pressure: Atmospheric 
Temperature: 60°C (140°F) 

Time: 2 wk 
Results: The sample in the anhydrous hydrazine solu¬ 

tion showed a 0.06* weight increase and a 
slight scale at the vapor-liquid interface. No 
solution discoloration was noted. The sample 
in the hydrazine nitrate solution with 5* water 
showed no weight change. The sample in the 
hydrazine nitrate solution with 10* water 
showed a 0.02* weight increase. Both solutions 
were slightly yellow; this is believed due to the 
presence of aniline. No change in the size of 
any of the samples was noted. 

Material tested: Aluminum 61ST 
Source of data: Ref. 11 
timber of samples tested: 3 
Shape of samples: 8-cc bomb of 61ST alloy with pres¬ 

sure gage¿ 50* ullage 
Propellants; 98* NaH.-2* H*0 

65* NaH4-30* NaKflNOa-5* H.O 

60* N3H4-30* NjHoNOj-iO* HaO 
Pressure: Initially atmospheric 
Tempemtùre: 0O°C (140°F) 
Time: 30 days 
Results: ¡hiring the initial heating period, pressures rose 

to 8 to 8 pslg. The rate of pressure rise decreased 

with time for all the bombs. The average rate 
of pressure rise over the 30-day test of the 
anhydrous hydrazine, based on a final tempera- 

‘ tiire ibf 183C, was 0.22 psl/day. The 5* and 
10* water mixtures Of hydrazine nitrate showed 
average pressure rises of 0.18 psi/day. 

Material tested: ..Aluminum 75ST-6 

Source cf data: Ref. 7 
Number of Samples tested: 3 

Shape of samples: Strip, 2 in. X in. X VSo in. 
Propellants: 95% N5H4-5% HaO 

65¾ NaHj-SO* NsHaNOs-5* H20 
60% h.2H4-30* NjHaNOr-10% IIaO 

Pressure: Atmospheric 
Temperature: 60°C (140QF) 

Time: 2 wk 
Results: Tlie samples in anhydrous hydrazine showeó a 

0.04* weight increase, and a slight scale at the 
liquid-vapor interface, but no change in solu¬ 
tion color. The sample in hydrazine nitrate 
solution with 5* water showed no weight 
change. The sample in hydrazine nitrate solu¬ 
tion with 10* water showed a 0.01* weight 
increase. Both hydrazine nitrate solutions 
turned yellow, Tt is believed that the yellowing 

was due to trace quantities of aniline. No 
change in size was noted for any of the samples. 

Ala ferial tested: Aluminum 75ST-0 (Alelad) 

Source of data: Ref. 7 
Number of samples tested: 3 
Shape of samples: Strip, 2 in. X ½ in. X Vm in. 

Propellants: 95* Natt4-5% HaO 
65* M 1*4-30* NjHbNOü-S* HsO 
60% NaH4-30* NaH#NOa-lO* HaO 

Pressure: Atmospheric 
Temperature: 0O°C (J.40°F) 
Time: 2 wk 
Results: The test in anhydrous hydrazine was inter¬ 

rupted before a weight change was noted. The 
solution remained colorless, however. Boili 
hydrazine nitrate solutions turned yellow, but 
the sample showed iiü Weight change. The yel¬ 
lowing Was believed due to the presence of 
aniline. No dimensional changes in the samples 
were noted. 

Material tested: Aluminum 75ST 
SoUrce of data: Ref, 11 
Number of samples tested: 3 
Sfejfë of samples; 8-cc bohtb of 75ST alloy with pres¬ 

sure gage; 50* Ullage 
Propellants: 98* NaH4-;2* ÍíaO 

65* NaH4-30* NaHaNOi-5% HaO 
60* NsH4-30* NaHsNOi,-10* HaO 

Pressure: Initially atmospheric 
Temperature: 60’C (140°F) 
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Time: 30 days 
Results: During the initial heating period, a pressure 

rise of 3.5 to 9 psig was noted. The rate of 
pressure rise decreased with time for all the 
bombs. The average rate of pressure rise over 
the 30-day period for anhydrous hydrazine, 
based on a final temperature of 18°C, was 0.10 

psi/day. 'The hydrazine nitrate mixture with 
. 5¾ water showed the same average pressure 

rise. The hydrazine nitrate mixture with 10¾ 
_ water gave an average pressure rise over the 

30*day period of 0.12 psi/day. It is of interest 
to note that 75ST aluminum had a lower aver¬ 
age pressure rise than did 24ST or 81ST, which 
were tested in the same manner. 

Material tested: Aluminum 75ST 
Source of data: Ref. 13 
Shape of sample: 8-cc cylinder of 75ST with pressure 

gage, 10¾ ullage 
Propellants: 100Ï NaH| 

70¾ N.fMO* NaHßNOa 
80¾ 1SÍ8M4-2Ó* HNO. 
00¾ ÑjHbNOj-IO* H30 

Pressure: Initially atmospheric 
Temperature: 0Ö°C (140°F) 
Time: 3 mo 
Results: An initial pressure rise of 5 to 10 psig occurred 

Within the first few hours, apparently resulting 
from the Vapor pressure of ammonia present in 
the propellant and not from decomposition. 

Slight decomposition occurred, as evidenced by 
a gradual increase in pressure; however, the 

« rate of decomposition decreased with time. 

Material tested: Aluminum XÀ-545 
Source of data: Ref. 7 
Number of sainptés tested: 3 
Shape of samples: Strip, 2 itt.X ½ in. X in. 
Propellants: 95¾ NaH4-5S H30 

65¾ NïHi-30% N2H&N03-5% Hão 
60¾ NaHt-30$ N3HaNO3-10»H3O 

Pressure: Atmospheric 
Temperature: 0O°C (140aF) 

timé: 2 wk 
Rèriihs; the sample in anhydrous hydrazine showed a 

().04¾ weight increasej a slight scale appeared at 
thé vapor-liquid interface; no color change was 

observed in the solution. The hydrazine nitrate 
solutions turned yellow, probably because of 
the presence of aniline, but the samples 
showed n ' weight change. None of the samples 

showed any changes in dimension. 

Material tested: Aluminum 716 (Alcoa welding-rod des¬ 
ignation) 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Prjssure: Closed system, initially atmospheric 
Temperature: 26°C (80° F) 
Time: 30 days 
Results: Approximately ÍH h) drazine decomposition was 

observed (about V¿% more than that noted in the 
blank run in glass). 

Material tested: Aluminum 716 (Alcoa welding-rod des¬ 
ignation) 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 0OcC (140°F) 

Time: 30 days 
Results: Approximately 4¾ hydrazine decomposition was 

observed (about the same as that noted in the 
blank run in glass). 

2, 3ram, It is believed that brass should be avoided 
for general use with hydrazine and should be avoided 
completely with hydrazine nitrate mixtures. From a cor¬ 
rosion standpoint, it is believed th«*t contact periods 

should not exceed a duration of a few months. Mathieson 
Chemical Corporation determined, during the course of 

thermal-decomposition studies of anhydrous hydrazine 
in a brass bomb at temperatures up to 500°F, that '.here 
was an apparent leaching-out of the zinc after several 
consecutive tests. The interior surface of the bomb had 
the appearance copper (Ref. tl). 

In view of the large proportion of copper present In 
brass, it would appear that somo difficulties might be 
encountered under conditions where the copper might be 
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oxidized in air. These oxides would be capable of 
exothermic reduction by hydrazine. 

As indicated below, brass appeared to be unsatisfactory 
in contact with a 45-45-10 hydrazine-hydrazine nitrate- 
water mixture. A definite gas evolution and a salt forma¬ 
tion were noted after a few hours of contact. 

It is believed that the recommendations given in the 
evaluation of copper (Sec. IV-A-4) are applicable to 

brass. 

Experimental Data 

Material tested: Commerciiil brass 
Source'of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45% N3H4-45% N3H3NO3-10% 11,0 
Pressure: Atmospheric 
Temperature: Ambient 
Time: A few hours 
flcitif/s; A definite evolution of gas and a salt formation 

at the vapor-liquid interface were observed. 

Material tested: Brass 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6%) 
Pressure: Atmospheric 
Temperature: 20°C f08°F) 
Time: 24 days 
Heruffs No change in the specimen was noted. 

Material tested: Brass 

Source of data: Ref. 6 
Nu mber of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80°F) 
Time: 30 days 
Results: Approximately 3.5% hydrazine decomposition 

was noted. 

Material tested: Brass 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Shape of samples: .Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closarl system, initially atmospheric 
Temperature: 60'C (140°F) 
Time: 30 days 
Results: Approximately 4.5% hydrazine decomposition 

was observed (about the same decomposition as 
that noted in the blank run in glass). 

Material tested: Brass 
Source of data: Ref. 6 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 0O°C (140°F) 

Time: 4 mo 
Results: The sample was unaffected and did not decom¬ 

pose the hydrazine u> any extent. 

3. Cobalt. The available compatibility-test data indi¬ 
cate that cobalt is completely unsatisfactory for use with 
hydrazine nitrate mixtures. No experimental data relating 
to the compatibly of cobalt with pure hydrazine are 
available. However, It is known that metallic cobalt In 
finely divided form will catalyze the decomposition of 
hydrazine (Ref. 1). In addition, where hydrazine has been 
subjected to some salt or acid contamination, it has been 
found that cobnltic ions are capable of oxidizing hydra¬ 
zine (Ref. 14). The compatibility of c'balt in sheet form 
has not been determined, and it may well be that the 
catalytic effect is rcdu-^4 to a point where the material 
may have some degree of acceptability. In the absence 
of specific test data, however, it is believed that cobalt 

should be avoided. 

Experimental Data 

Material tested: Cobalt 

Source of data: Ref. 10 
Number of samples tested: 2 

Shape of «impfe» Sheet 
Profilant: 45% N2H4-45% N2H0NOr-10% H,0 

Pressure: Atmospheric 
Temperatur» Ambient 

Time: A few hours 
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RestiUs: A definite evnV.lion of gas and a salt formation 
were noted. 

4. Copper. It is recommended that copper be avoided 
for use with both hydrazine and hydrazine nitrate mix¬ 

tures. 

It is well-known that copper oxide, like iron oxide, is 
readily reduced by hydrazine, and that this reaction can 
be extremely violent Also, laboratory tests have been 
conducted which indicate that cupric ions in solution with 
hydrazine cause more-thnn-normal decomposition (Ref. 
1). In other studies, it was found that traces of dissolved 
copper strongly catalyzed auto-oxidation of hydrazine in 
air. (These tests were conducted by Audrieth and Mohr 
and are mentioned in Ref. 1.) 

The hazards involved in the use of copper as a general 
construction material are illustrated by the experience of 
Mathieson Chemical Corporation (Ref. 1). In 1947, on 
the basis of the experience in preliminary compatibility 
tests, copper was chosen for fabrication of a hydrazine 
flash-distillation unit. The choice appeared satisfactory for 
almost 2 yr. Oxide film and/or oxide-welding-slag inclu¬ 
sions, ivhich were later recognized as decomposition 
catalysts, eventually caused an explosion in the copper 
.**11. Rattelle Memorial Institute reports (Ref. Ö) that 
copper equipment in the Fainnount Chemical Company 
plant was found to be unsatisfactory. 

It appears that copper falls into the same category as 
mild steel or iron, In that it would be acceptable under 
controlled conditions where it is not allowed to become 
oxidized, and where there is no possibility of contamina¬ 

tion of the hydrazine. 

Experimental Data 

Material tested: Copper 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.0¾) 

Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time: 24 days 
Results: No change in the specimen was noted. 

Material tested: Copper 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45% N,H«-45$ N,H,NO,-10? H,0 
Pressure: Atmospheric 
Temperature: Ambient 
Time: A few hours 
Results: A definite evolution of gas and a salt formation 

were present at the vapor-liquid interface. 

Material tested: Copper 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 21 to 23 ( 70 to 73°F ) 

Time: 12 mo 
Results: When cheeked each month, the sample showed 

a loss in weight. The test was discontinued dur¬ 

ing the twelfth month. 

Material tested: Copper 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 05°C (149°F) 
Time: 8 mo 
Results: At the end of 8 mo, there was very heavy cor¬ 

rosion of the sample. The tc?t was then dis¬ 

continued. 

Material tested: Copper 
Source of data: Ref. 15 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (65.5¾) 
Pressure; Closed system, initially atmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 
Resulto; -Approximately 1% hydrazine decomposition was 

observed. At ambient temperatures, copper 
showed the lowest percentage of hydrazine 
decomposition of any material tested by 
B attelle. 
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Material tested: Copper 
Source of data: Ref. 0 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.52) 
Pressure: Closed system, initially atmospheric 
Temperature: 60'C (140°F) 
Time: 30 days 
Results: App»oximately 272 decomposition of the hydra¬ 

zine was noted. At 140°F, copper was the worst 
of all materials tested by Battelle. 

S, Inconel The available test data indicate that insig¬ 
nificant corrosion of Inconel occurs after contact with 
anhydrous hydrazine for time periods of at least a month. 
Since the principal constituent of Inconel is nickel, it is 
believed that the evaluation given for nickel (Sec. 
IV-A-13) should be referred to, and that the same precau¬ 
tions should be observed as those taken with pure nickel. 

Inasmuch as no data are available with regard to the 
compatibility of Inconel with hydrazine nitrate mixtures, 
and in view of the limited corrosion resistance exhibited 
by nickel in contact with hydrazine nitrate mixtures, it is 
believed that contact with the nitrate mixtures should be 
avoided unless specific screening tests are undertaken. 

Experimental Data 

Material tested: Inconel (812 Ni, 132 Cr, 62 Fe) 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Sheet, 50 cmz 
Propellant: Anhydrous hydrazine (95.09%) 
Pressure: Atmospheric 

Temperature: 20 to 25°C (68 to 77°F) 
Time: Í20hr 
Results: Negligible corrosion was noted. 

Material tested: Inconel 
Source of data: Ref. 4 
Number of samples test l: 1 
Shape of sample: Stri» 
Propellant: Anhydrous hydrazine (95.62) 

Pressure: Atmospheric 
Temperature: 20°C (e8°F) 
Time: 24 days 
Results: No change in the sample was observed. 

Material tested: Inconel 
Source of data: Ref. 6 
Num her of sauiples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.52) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 
Results: Approximately 22 hydrazine decomposition was 

noted (about more than that for the blank 
run in glass). 

6. Inconel X. Only limited test data nre available for 
Inconel X. Consequently, it is believed that the evaluation 
given for Inconel (Sec. IV-A-5) should be followed until 
additional data are available. 

Experimental Data 

Material tested: Inconel X (0.052 Cb, 0.492 Mn, 0.092 Si, 
74.042 Ni, 14.242 Cu, 6.802 Fe, 2.202 Ti) 

Source of data: Ref. 3 
Number of samples tested: 1 
Propellant: Hy ’ "zine hydrate (662 NaH«) 
Pressure: Atmospheric 
Temperature: 13 to 23°C (50 to 73°F) 
Time: 67.5 hr 
Results: No evidence of corrosion was found. 

7. Iron. All forms of iron are considered to be com¬ 
pletely unsatisfactory for use with hydrazine or hydrazine 
nitrate mixtures. 

It is well-known (Refs. 1 and 14) that iron oxide is 
readily reduced by hydrazine, and that this reduction, 
being exothermic, can became explosive under certain 
conditions. In addition to the hazards encountered with 
iron oxide, it has been found that metallic iron in finely 

divided form, and also ferric ions, markedly catalyze the 
decomposition of hydrazine. Since the general corrosion 
resistance of iron is poor, any salt or acid contamination 
of hydrazine would cause the introduction of iron impuri¬ 

ties into the hydrazine. 

If contact with oxygen and contamination of hydrazine 
could be completely avoided, iron would probably per¬ 

form as u satisfactory material. 
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Experimental Data 

Material tested: Cast iron 

Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45¾ N,11,-45¾ N3HaNOr-10S HaO 
Pressure: Atmospheric 
Temperature: Ambient 
Time: A few hours 
Results: The solution had a cleaning effect on the sur¬ 

face, and gas evolution was noted. Use of this 
material is not recommended. 

Material tested: Armco iron 
Source of data: Ref. 1Ò 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45% N5H4-15¾ N3H,NOr-lO* H30 
Pressure: Atmospheric 
Temperature: Ambient 
Time: A few hours 
Results: Salt formation and gas evolution were noted. 

Material tested: Electrolytic iron 
Source of data: Reí. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45% NfA-45* N3HsNOn-10% H20 
Pressure: Atmospheric 
Teniperature: Ambient 
Time: A few hrnirs 
Results: Definite evolution of gas and salt formation 

Were observed. 

Material tested: Wfougbt iron 

Source Of data: fief. 10 
Number of samples tested: 2 

Shape of samples: Sheet 
PrOpcllaiit: 45¾ N3Hi_45% N2Hr.NO.v-10% il2Ö 

Pressure: Atmospheric 
Temperature: Ambient 

Time: A few hours 
Remits: A reaction on the surface and definite gas evo- 

iutióriWèteítoteth 

Material tested: Soft IWtt 
Sotircd of data: fief. 9 

CÛNtiÙÊNtlAt 

Ntnnber of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1%) 

Pressure: Atmosphm • 
Temperature: 21 to 23QC (70 to 73°F) 

Time: 9 mo 
Results: A considerable weight loss was noted each 

month. Very heavy corrosion and pitting were 
observed in the eighth month. The corrosion 
and pitting were so severe by the ninth mon th 
that the test was discontinued. 

Material tested: Soft iron 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1%) 

Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: 10 mo 
Rci . lts: A weight loss was noted by the fifth month and 

each month thereafter. By the tenth month, the 
very heavy corrosion forced an end to the test. 

Matériel tested: Puro iron 
Source of data: fief. 6 
Number of samples tested: 1 or 2 
Shdjië of ¿ampies: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: (80°F) 
Time: 30 days 
fleíUÍ/s: Approximately 2.5% Hydrazine deComposiHon 

wàí observed, and a présure increase of 50 tntrt 
Dg occurred. This material is considered unsat¬ 
isfactory fot use with Hydtazine. 

Material tested: Pute iron 
Source of data: fief. 0 
Number of samples lesled: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, iiilÜâÎÎÿ atmospheric 
Temperature: (MPC (Í40°F) 
Time: 30 dáys 
Results: Approximately 2.0% hydinzlne decomposition 

was noted (á blank hiü in glass showed 4.5% 
décomposition). A pressure increase Of lOO mm 
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Hk occurred. This material is considered unsat- 
isfacto y for use with hydrazine. 

S. Lead. All tie compatibility-test data available, with 
the exception of findings in a test made by NACA, indi¬ 
cate virtually immediate reaction with lead in contact 
with either anhydrous hydrazine or hydrazine nitrate 
mixtures. In view of the obvious high rate of corrosion, 
lead is considered to be completely unsatisfactory for use 
with hydrazine c r hydrazine nitrate mixtures. 

Experimental Data 

Material tested: Lead 
Source of data: Ref. 10 
Number of samples tested: It 
Shape of samples: Sheet 
Propellant: 45% N,H,-45^ N,H,NO,-10!? HaO 
Pressure: Atmospheric 
Temperature: 72 to 74°C (161 to 165°F) 
Time: 7 days 

Results: A definite reaction was observed, with a yeilow 
salt formation and loss of weight in the 
specimen. 

Material tested: Lead 
Source of data: Ref. 4 

Number of samples tested: 1 
Sfuipe of sample: S trip 
Propellant: Anhydrous hydrazine (95.6%) 
Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time: 24 days 

Results: No change was noted in the specimen. 

Material tested: Lead 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydre iS hydrazine (95.1%) 
Pressure: Atmospheric 

Temperature: 21 to £3°C (70 to 73°F) 
rime: 22 hr 

Restdts: Tin sample reacted immediately, and severe 
corrosion was apparent in 22 hr. The test was 
discontinued. 

Material tested: Lead 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: ¿trip 

Propellant: Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 65°C (I49CF) 
Time: Minutes 

Results: The sample reacted immediately, and the solu¬ 
tion turned blue. The test was discontinued. 

9. Magnesium. Magnesium is considered to be com¬ 
pletely unsatisfactory for use with anhydrous hydrazine. 
AH organizations that have undertaken compatibility tests 
have observed an almost immediate reaction, resulting in 
the evolution of large volumes of gas and severe corrosion 

of the magnesium. No experimental data are available on 
the compatibility of magnesium with hydrazine hydrate; 
it seems likely, however, that such data would also be 
unsatisfactory. 

Only one test with hydrazine nitrate mixtures is 
reported. Some reaction was noted, apparently severe 
enough to warrant abandonment of further testing. On 
the basis of this test ft appears that magnesium is unsuit¬ 
able for use with hydrazine nitrate mixtures. 

Experimental Data 

Material tested: Magnesium 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydra an c (95.12) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 
Time: 24 hr 

flcsfi/fa; The sample lost weight so làpidly that the test 
was discontinued after 24 hr. 

Material tested: Magnesium 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Sheet 
Profmllant Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time; Minutes 
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Results: A reaction occurred immediately, giving off 
hydrogen. The test was discontinued. 

Material tested: Magnesium alloy M-l 
Source of data: Ref. 16 
Number of samples tested: 6 
Shape of samples: ^-in. sheet 
Propellant: Anhydrous hydrazine (96!?) 

* Pressure: Atmospheric 
Temperature: Ambient 
Time: 24 hr 
Results: All the samples were withdrawn after 24 hr. 

The samples were pitted, and a heavy white 
precipitation appeared in the solution. 

Material tested: Magnesium 
Source of data: Ref. 6 
Number of sampies tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.3!?) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80°F) 
Time: 30 days 
Results: Approximately 1.252 hydrazine decomposition 

was indicated by chemical analysis; however, a 
pressure increase of 474 mm Hg was noted. 
Magnesium is not considered satisfactory for 

use with hydrazine. 

Material tested: Magnesium 
Source of data: Ref. 10 
Number o, "> *ples tested: 2 
Shape of samples: Strip 

• Propellant: 45% N.H<-45% NBH,NOn-102 H20 
Pressure: Atmospheric 
Temperature: 72 to 74°C (161 to 165°F) 

• Time: 7 days 
Restdts: No weight change was observed in the sample; 

however, gas evolution and surface blackening 
were noted. The material was not considered 
promising enough to warrant further testing. 

10. Manganese. Only one test on the compatibility of 
manganese with hydrazine has lieen reported. This test 
was made with a 45% hydrazine-45% hydrazine nitrate-* 
10¾ water mixture. Excessive gas formation was noted 
almost immediately, and the test was discontinued after a 

Jel Propulsion laboratory 

few hours. The compatibility of manganese with hydra¬ 
zine nitrate solutions is considered to be unsatisfactory. 

In view of the meager data, it is believed that testing 
with anhydrous hydrazine should he unde» taken before 

a firm conclusion is drawn. For the present, in the absence 
of specific testing, it is believed that the use of manganese 

should be avoided. 

Experimental Data 

Material tested: Manganese 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 452 N,H,-452 N,.H,NOk-102 HsO 
Pressure: Atmospheric 

Temperature: Ambient 
Time: A few hours 
Results: An obvious reaction, with e*:Tussive gas forma¬ 

tion, was noted, and the test was discontinued. 
This material is considered nnsatisfactur for 

use with hydrazine. 

1J. Molybdenum Molybdenum is considered to be 
completely unacceptable for use with hydrazine or hydra¬ 

zine nitrate mixtures. 

From the standpoint of corrosion, molybdenum appears 
to possess limited suitability with hydrazine; however, it 
is known that molybdenum strongly catalyzes the decom¬ 
position of liquid hydrazine and, for this reason, is 
unacceptable. Molybdenum has been found to catalyze 
hydrazine decomposition vhen present in a finely divided 
metallic form. In addition, it is known that, under suit¬ 
able conditions, hydrazine enters spontaneously into a 
combustion reaction with oxidized molybdenum (MoOa) 
(Ref. 1). Apparently, even small quantities of molybdenum 
in various alloys are sufficient to produce a marked 
increase in the decomposition of hydrazine. A series of 
vapor-phase decomposition tests was made by Olin Indus¬ 
tries (Ref. 1), in which various metals were exposed in 
the vapor phase of refluxing hydrazine. The tests with 
316 stainless steel (4% Mo) and with Hastelloy A (702 Ni, 
302 Mo) yielded appreciably larger pressure rises than 
those observed with 3(M stainless steel and nickel. Over 
a time period of 14.5 hr, the pressure rise for 304 stainless 
was 31 mm Hg; for 316 stainless, it was 194 mm Hg; and, 
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for purr nickel, it was 79 mm Hj?. For Hastelloy A. the 
pressure rise was 198 mm Hg in only 2 hr. 

Experimental Data 

Material tested: Molybdenum (sintered, swaged, and 
rolled by Westinghouse) 

Source of data: Ref. 3 

Number of samples tested: 2 
Shape of samples: Disk cut from sintered bar 
Propellant: Anhydrous hydrazine (95.092) 
Pressure: Atmospheric 
Temperaturc: 20 to 25°C (68 to 75°F) 
Time: 120 hr 
Results: Penetration of the samples was negligible. 

Material tested: Molybdenum (sheet, plated with 0.004- 
ln. chrome) 

Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (93.232) 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 75° F) 
Time: 169 hr 
Results: No change in the weight of the sample was 

observed. 

Material tested: Molybdenum 
buurce of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45* N,H(-452 N ,H,NOt-K>2 H .O 
Pressure: Atmospheric 
Temperature: Ambient 
Time: A very short time 
Results: Gas evolution occurred upon contact of the 

sample with the solution. Testing was immedi¬ 
ately discontinued. 

Material tested: Molybdenum 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape öf samples: Strip 
Propellant: Anhydrous hydrazine (95.57) 
Pressure: Closed system, initially ofmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 

Results: Approximately 1.57 hydrazine decomposition 
was noted. 

12. Monel. The available tes* Nt"' concerning Monel 
in contact with anhydrous hydrazine indicate negligible 
corrosion for a time period of approximately 1 mo. Monel 
does not appear suitable for use with hydrazine nitrate 
mixtures. 

More important than the corrosion aspects, however, 
is the fact that Monel is composed of 677 Ni, 30* Cu, 17 
Fe, 17 Mn. All these elements, in either ionic or finely 
divided fon, imve been observed to be catalytic in the 
decomposition of hydrazine. For specific information, the 
reader is referred to the recommendations given for each 
of these metals elsewhere in this Memorandum. 

It is therefore believed that Monel should he avoided 
for general use with hydrazine and should ma be used 
at oil with the nitrate mixtures. If, for some reason, the 
use of Monel is particularly desired, care should be taken 
to assure that the hydrazine is uncontaminated, that 
oxidation conditions are not present, and that contact 
time is limited. 

Experimental Data 

Material tested: Monel (672 Ni, 30* Cu, 12 Fe, 12 Mn) 
Source of data: Ref. 3 

Number of samphs tested: 1 
Shape of sample: Rolled sheet 

Propellant: Anhydrous hydrazine (97.637) 
Pressure: Atmospheric 
T emperaturc: 20 to 25°C (68 to 75°F) 
Time: 92 hr 

Results: A penetration of 0.00011 in./yr was recorded. A 
very light attack on the surface of the sample 
was noted. 

Material tested: Monel 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 452 N,H(-45* N2H,NOa-107 HaO 
Pressure: Atmospheric 
Temperature: 72 to 74°C (101 to 165°F) 
Time: Less than 7 days 
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Results: The sample was removed from the oven after 
salt formation was observed in the solution. 

Material tested: Monel 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (95.6¾) 
Pressure: Atmospheric 
Temperature: 20°C (68° F) 
Time: 24 days 
Results: No change in the specimen was observed. 

Material tested: Monel 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80° F) 
Time: 30 days 
Results: Approximately 1.5* hydrazine decomposition 

was recorded (slightly more than that noted in 

the blank run in glass). 

13. Nickel. From the standpoint of corrosion, nickel 
appears to be relatively unaffected by contact with 
anhydrous hydrazine for periods of 1 to 2 mo. The only 
test data for hydrazine nitrate mixtures indiente that a 
reaction occurred after several hours at 185°F. 

Nickel in finely divided form (Haney Nickel) has been 
observed to catalyze hydrazine decomposition. Here 
again, as with stainless steel, cobalt, etc., the controlling 
factor appears to be the extended surface area (Ref. 2). 
Ions of nickel have been found to be noncatalytic in pure 
hydrazine (Ref. 1); however, where the hydrazine has 
been contaminated (with some acidic or basic substance), 
and hydrazine salts are present, catalytic decomposition 

of the hydrazine may occur (Ref. 2). 

Therefore, nickel should be avoided for use with 
hydrazine where intermittent atmospheric contact may 
occur, or where impure hydrazine is likely to ho present. 
Where adequate precautions aro taken, nickel appears to 
be suitable for limited time periods. The use of nickel 
with hydrazine nitrate mixtures is not recommended. 

CONFIDENTIAL 

Experimenta/ Data 

Material tested: Comr.ierciully pure nickel 

Source of data: H» f. 3 
Number of samples tested: 1 
Shape of sample: Rolled she* t 
Propellant: Anhydrous hydrazine '97.63*) 

Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 75°F) 

Time: 92 hr 
Results: No evidence of corrosion was found. 

Material tested: Nickel 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6¾) 

Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time; 24 days 
Results: No change in the specimen was observed. 

Material tested: Nickel 

Sonrre of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: °heet 
Propellant: 45* N2H,-45% N2H,NO3-10* HaO 
Pressure; Atmospheric 
Temperature: 74°C (165°F) 

Time: 24 hr 
Results: Salt formation became apparent after a short 

period of time. The specimen was removed 
from the oven, and the test was discontinued. 

Material tested: Nickel 
Source of data: Ref. 9 
Number of samples tested: 1 

Shape of sample: Strip 
Propellant: Anhydrom hydrazine (95.1*) 
Pressure: Atmospheric 
Temperature: 21 to 23"C (70 to 73°F) 

Time: 12 mo 
Results: A weight loss in the sample was noted each 

month. 

Material tested: Nickel 
Source of data: Ref. 9 
Number of samples tested: 1 
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Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1?) 

Pressure: Atmospheric 
Temperature: 65°C (165°F) 

Time.- 10 mo 
Results. A weight loss was noted during the fifth month 

and each month thereafter. By the tenth month, 
the very heavy corrosion necessitated discon¬ 

tinuing the test. 

Material tested: Nickel 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5?) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (SO^F) 

Time: 30 days 
Results: Approximately i? hydrazine decomposition was 

noted. 

Material tested: Nickel 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 60°C (140°F) 

Time: 30 days 
Results: Approximately 24¾ hydrazine decomposition 

was observed (about 6 times the value for the 

blank run in glass). 

Material tested: A-Nlckel (99.4? Ni + Co) 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, Initially atmospheric 

Temperature: 28°C (S0°F) 

Time: 30 days 
Results: Approximately 2.25? hydrazine decomposition 

was found (a blank run in glass showed 1.5? 

decomposition). 

14. Nickel-chromium nltoy». The only available data 
were obtained From tests made with a nickel-chromium 

alloy in contact with a hydrazine nitrate mixture. Because 
of the scarcity of data, and also because of the similarity 
of this alloy to pure nickel, it is believed that, at least for 
the present, the evaluation given tor nickel should he 

followed. 

Experimental Data 

Material tested: Nickel-chromium alloy (75? Ni, 12? Cr, 

9? Fe, 5? Cu) 

Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45% N.H.-45? N3H*NO,-10? H,0 
Pressure: Atmospheric 
Temperature: 74°C (165°F) 

Time: 24 hr 
Results: Formation of salt in the solution was noted 

after a short period of time. The sample was 
removed from the oven, and the test was dis¬ 

continued. 

Material tested: Nickel-chromium alloy (Nichrome, 61? 
Ni, 15% Cr, balance Fe) 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 20DC (8(10F) 

Time: 30 days 
Results: Approximately 1.5% hydrazine decomposition 

was observed («i »lightly ’ligh*’*- decomposition 
than that noted in the blank run in glass). 

Material tested: Nickel-chromium alloy (Chromel-A) 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 

Temperature: 20°C (80°F) 
Time: 30 days 
Residís; Approximately 3% hydrazine decomposition was 

recorded (about twice that obtained with the 

blank run in glass). 
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IS. Silver. Only one source of data has been found 
relating to the compatibility of silver with anhydrous 
hydrazine. From these data, silver appears to be suitable, 
from a corrosion standpoint, for use with hydrazine for 
at least u month. However, Mathieson Chemical corpora¬ 
tion reports (Ref. 1) that hydrazine is capable of reducing 
the salts and oxides of silver, with a possible acceleration 
of the decomposition of the hydrazine. For this reason, 

silver should be avoided for general use. 

Experimental Data 

Material tested: Silver 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Tem^yerature: 26°C (80°F) 

Time: 30 days 
Results: Approximately 2¾ hydrazine decomposition was 

observed (about V¿% more than that obtained in 

the blank run in glass). 

1«. Steel (mild). Mild steel of any type is considered 
to be undesirable for contact with hydrazine or hydrazine 

nitrate mixtures. 

From a corrosion standpoittt, the avail ible test data 
indicate that, in general, there is negligib e corrosion of 
mild steel in contact with anhydrous hydrtzine for time 
periods of approximately 1 mo. After more extended 
periods, die corrosion and weight loss are more severe. 

Corrosive attrtek by hydrazine nitrate mix urcs appears 
to bo much more rapid} however, the primt ry danger in 
using mild steel iS the possible Formation ol rust, which 

can react With the hydrazine. 

For additional details, ser the evaluation of iron (Sec. 

1V-A-7). If, for sortie specific reason, mild steel must he 
used, extreme care should be taken to keep the surface 

free of oxides. 

Experimental Data 

Afaterfol tested: Mild st« el (SAE 1020) 

Source of data: lief. 3 
Number of samples teste 1: 1 

Shape of sample: Rolled sheet 
Propellant: Anhydrous hydrazine (97.032) 

Pressure: Atmospheric 
Temperature: 20 to 25°C (6S to 75°F) 

Time: 92 hr 
Results: Any visible corrosion was masked by rust 

formed after the test. Although the test results 
indicate negligible corrosion of the steel, this 
material is not recommended for use because 
of the ease of rusting and the effect of rust on 

the decomposition of hydrazine. 

Material tested: Spring steel 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45¾ N,H,-45% N,HsNO,-10fc H,0 

Pressure: Atmospheric 
Temperature: 72 to 74°C (161 to 165e F) 

Timer 7 days 
Results: Definite salt formation and loss of weight 

(4.45¾) in the sample were observed. 

Material tested: M-grade sleel 
Source of data: Ref. 10 
Number of samt tested: 2 
Shape of samples: Sheet 
Propellant: 45% NaH*—45% NjHbNOt-IO? HaO 

Pressure: Atrtiospheric 
Tem/wraturc: 72 to 74°C (161 to 165°F) 

Time: 7 days 
Results: Definite loss in sample weight (9.04%) and for¬ 

mation of gray salt in the solution were noted 

Ataierini tested: Steel (SAE ‘*130, annealed) 

' Source of data: Ref. 10 
Number of samples tested: 3 
Sfwpe of samples: 16-in. sheet 
Propellaht: Anhydrous hydraziur. (o6%) 

Pressure: Atmospheric 

Temperature: Aintiiehl 
Time: 36 to 278 days 
Residir: Some loss in weight was noted for all samples. 

Tins material is not recommended because of 

rust possibilities. 

Material tested: Cold-rolled steel 
Source of data: Ref. 4 
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Number of samples tested: I 
Shape of sample: Strip 
Projicllant: Anhydrous hydrnzine (95.6¾) 
Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time: 24 days 

Results: No change in the specimen was observed. 

Material tested: Mild steel 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 

Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 
Time: 12 mo 

Results: A weight loss was noted each month when the 
sample was checket!. By the seventh month, 
considerable corrosion was apparent. 

Material tested: Mild steel 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: 10 mo 
Resulto; A weight loss in the sample w-as noted, starting 

at the fifth month. The test was discontinued 
in the tenth month, when very heavy corrosion 
was found to be present. 

Material tested: Mild steel 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80QF) 
Time: 30 days 
Restrffj: Approximately 2.0¾ hydrazine decomposition 

was observed (about ½ more than that for the 
blank run in glass). A significant pressure 
increase was noted. 

Material tested: Mild steel 
Source of data: Ref. 6 

Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed sysvem, initially atmospheric 
Temperature: 60°C (X40ÜF) 
Time: 4 mo 

Remits: The sample was unaffected and did not decom¬ 
pose the hydrazine. 

17. Steel (stainless). The compatibility of stainless steel 
with anhydrous hydrazine has been investigated rather 
thoroughly. However, because of the wide variety of 
stainless steels available, it is necessary that recommenda¬ 
tions for each type be given separately. 

Of the stainless steels which have been tested, only two 
are presently considered suitahie tor unlimited service 
types 304 and 347. This recommendation is based on (1) 
the data presented below, (2' the successful application 
of such steels in test-cell installations at this Laboratory 
for over 8 yr, and (3) the recommendations óf Mathieson 
Chemical Corporation (Refs. 1 and 2) and Fairmount 
Chemical Company (Ref. 6), after years of successful 
service in the production and storage of hydrazine. 

The suitability of these stainless steels appears para¬ 
doxical, on cursory examination, in view of the known 
fact that ferric ions, as well os iron and stainless steels in 
finely divided form, are catalytic in the decomposition 
of hydrazine. Practically, of course, the stainless steel is 
present in sheet or plate form and has a restively smooth 
surface, so that the extended surface area is minimized. 
In addition, ’arge qu -rHHes of metallic ions will not be 
present unless there has been sait or acid contamination 
of the metal surface, accompanied by the usual metallic 
corrosion and introduction of ions into the solution. There 
is little possibility of the occurrence of this problem, 
because of the excellent resistance of 3i)4 and 347 «tain- 
less steel to such acid attack. 

Molybdenum has been observed to be a particularly 
potent catalyst in the decomposition of liquid hydrazino 
(Ref. 1). Consequently, molybdenum-stabilized stainless 
steels (the most common being type 316) should be 
avoided. There is insufficient evidence, at present, to War¬ 
rant setting a maximum allowable tolerance for molyb¬ 
denum in stainless steels; therefore, it is believed that 
types 303, 315, 317, 318, 329, 416, 420F, 430F, 440A, 
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and 440C should be avoided, until sufficient data are 

available to permit some definite conclusions to be drawn. 

It is believed that other 300-series steels, such as 302 

and 321, may also be suitable for unlimited service, but 

that, in the absence of adequate experimental data, their 

use should be restricted to moderate time periods. 

Other 400-scrie.s steels, such as 410 and 430, also fall 

into this category; however, the additional factor of their 

poorer resistance to rusting should be taken into con 

sidération. 

Experimental data concerning the compatibility of stain¬ 

less steels with hydrazine nitrate mixtures are meager. The 

Naval Ordnance Laboratory noted salt formation and 

weight loss With 18-8 stainless steel (type not given) in con¬ 

tact with a mixture of 45% N3H4—45% NaHsNO.,—10% HaO 

for 7 days at 165°F. This Laboratory, however, has 

utilized types 304 «and 347 stainless steels for test-cell 

equipment for 2 to 3 yr, in contact with a 66% 

NaH4-24% NjHßNOr-10% H30 mixture, with no apparent 

difficulties. It is considered necessary that additional tests 

be made before any specific conclusions with regard to 

the hydrazine nitrate mixtures can be drawn. 

Where stainless steels are joined, heliarc welding 

should be used to eliminate slag or oxide inclusions which 

may act to catalyze the decomposition of hydrazine. 

Experimental Data 

Material tested: Type 304 stainless steel (0.08% C (max), 

17.5/19% Cr, 8/9% Ni, solution heat- 

treated] 

Source of data: Ref. 3 

Number of samples tested: 1 

Shape of samplet Solid cylinder 

Proftellant: Hydrazine hydrate (66%) 

Pressure: Atmospheric 

Temperature: 14 to 25°C (59 to 75°F) 

Time: 67.5 hr 

Results: No corrosion was apparent, and no change 

occurred in the weight of the sample. 

Material tested: Type 304 stainless steel 

So urce of data: Ref. 16 

Number of samples tested: 6 

5hope of samples: IWn. sheet 

Profiellant: Anhydrous hydrazine (96%) 

Pressure: Atmospheric 

Temperature: Ambient 

Time: 119 »o 382 days 

Resulto A slight loss in weight was observed for all 

samples. 

Material tested: Type 302 stainless steel 

Source of data: Ref. 4 

Number of samples tested: 1 

Shape of sample: Strip 

Propellant: Anhydrous hydrazine (95.6%) 

Pressure: Atmospheric 

Temperature: 20°C (68°F) 

Time: 24 days 

Restdts: No change in the specimen was found after the 

test. A pressure increase due to gas evolution 

was recorded, equal to 0.015 atm,'day/ml NaHj. 

Material tested: Type 321 stainless steel 

Source of iluta: Ref. 4 

Number of samples tested: 1 

Shape of sample: Strip 

Propellant: Anhydrous hydrazine (95.6%) 

Pressure: Atmospheric 

Temperature: 20°C (68°F) 

Time: 24 days 

Results: No change was observed in the specimen. The 

pressure increase due to gas evolution was 

0.011 atm/day/ml NyH4. 

Material tested. Type 430 stainless steel 

Source of data: Ref. 4 

Number of samples tested: 1 

Shape of sample SUip 

Propellant: Anhydrous hydrazine (95.6%) 

Pressure: Atmospheric 

Temperature: 20°C (680F) 

Time: 24 days 

Results: No change was observed in the specimen. The 

pressure increase due to gas evolution was 

0.010 atm/day/ml N2H,. 

Material tested: Stainless W alloy (Camegie-Illinois: 

0.06% C, 7« Ni, 17% Cr, 0.6% Ti, 

0.2» Al) 

Source of data: Ref. 3 

Number of samples tested: 2 

Shape of samples: Disk from bar stock 
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Propellant: Anhydrous hydrazine (93.2.3¾) 

Pressure: Atmospheric 
Temperature: 24°C (75°F) 

Time: 147 hr 
Results: No corrosion or change in weight was noted in 

either sample. 

Material tested: Stainless steel (type not specified) 

Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine {95.1¾) 

Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 

Time: 12 mo 
Results: A weight loss was noted each month. The 

material was not considered satisfactory. 

Material tested: Stainless steel (type not specified) 

Source of data: Ref. 9 
Number of samples tested: 1., --- 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 

Pressure: Atmospheric 
Temperature: 05°C (149°F) 

Time: 12 mo 
flcttdfs; A weight loss was noted in the sample at the 

fifth month and each month thereafter. 

Material tested: Type 347 stainless steel 

Source of data: Ref. 17 
Number of samples tested: 4 
Shape of samples: Lathe turnings from bar stock 
Propellant: Anhydious hydrazine (95.33¾) 
Pressure: Closed system, initially atmospheric 

Temperature: Ambient 
Time: 39 days 
Results: The four samples were actually tested as fol¬ 

lows: two samples were stored in the daylight; 
one was stored in the dark; the remaining one 
was preheated to 500°C for 15 min, cooled, and 
immersed in the hydrazine. None of the samples 
showed any visible signs of rusting or corrosion 
at any time, nor did they show any appreciable 
change in weight after 39 days of exposure. 
The change in hydrazine concentration noted 
during the tests was not significant (0.5¾ or 
less); however, it was concluded that hydrazine 

stored in daylight decomposes slowly, as com¬ 
pared with material stored in the dark, and that 
the presence of stainless steel has a slight accel¬ 
erating effeci on the decomposition in daylight. 

Material tested: Type 304 stainless steel 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 26fJC (80°F) 
Time: 30 days 
Results: Approximately 1.25¾ hydrazine decomposition 

was observed (slightly lower than the decom¬ 
position noted in the blank rim in glass). 

Material tested: Type 304 stainless steel 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 60°C (140°F) 

Time: 30 days 
Results: Approxima^.y 4¾ hydrazine decomposition was 

noted (about V>% less than that noted in the 

blank run in glass). 

Material tested: Type 317 stainless steel 
Source of data: Ref. 6 
Number of samples tested: 1 or *2 
Shape of samples: Strip 
Propellent: Anhydrous hytiraziu.: (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 28°C (80°F) 
Time: 30 days 
Results: Approximately 1.5¾ hydra^nc decompositiou 

was observed (about the same as that noted in 

the blank run in glass). 

Material tested: Type 302 stainless steel 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80°F) 
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Time: 30 days 

Results: Approxiip itely 2¾ hydrazine decomposition wiis 
noted tabout ’'a? more than that noted in the 
blank run in glass). 

Material tested: 123-chromium stainless steel 
Source of data: Pef. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 

Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80oF) 
Time: 30 days 

Results: Approximately 1.53 hydrazine decomposition 
was observed (about the same as that noted in 
the blank run in glass). 

Material tested: Type 304 stainless steel 
Source of data: Ref. 6 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: G0°C (140°F) 
Time: 4 mo 

Results: The sample was unaffected and did not decom- ^ 
pose the hydrazine to any extent. 

Material tested: Type 18-8 stainless steel 
Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Strip 
Propellant: 45% N8H4-45* N2HnNOn~i03 H20 
Pressure: Atmospheric 
Temperature' 72to74°C (161 tcl65°F) 
Time: 7 days 

Results: Definite salt formation occurred in the liquid 
phase, and corrosion was noted in both the 
liquid and the vapor phase. The weight loss of 
the sample was 0.23¾. 

18. Stellite. The results of a single investigation, con¬ 
sisting of a 67½½ corrosion test with hydrazine hydrate, 
are the only data available. From a corrosion standpoint, 
the stellite appeared to be unaffected. However, because 
of the liigh percentage of molybdenum present (4.5 to 
6.53), which has been observed (Ref. 1) to be a specific 

and potent catalyst for the decomposition of liquid hydra- 
zme, it is believed that stellite should be avoided for 
contact with anhydrous hydrazine, hydrazine hydrate, 
and hydrazine ni.'rute mixtures. 

Experimental Data 

Material tested: Stellite 21 (0.20/0.35¾ C, 25/30« Cr, 
1.75/3.75« Ni, 4.5/6.52 Mo, 2.0« max Fe, 
balance Co) 

Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Cast section of blade 
Propellant: Hydrazine hydrate (662) 
Pressure: Atmospheric 

Temperature: 14 to 25°C (59 to 75°F) 
Time: 67.5 hr 

Results: No evidence of corrosion was found. 

19. Tantalum. Two organizations have conducted com¬ 
patibility tests of tantalum in contact with anhydrous 
hydrazine. Both tests, one continuing for approximately 
a month and the other for almost a year, were carried out 
at ambient temperatures and indicate that the tantalum 
was unaffected • 1 caused no significant decomposition 
of the hydrazine. In view of the limited data, it is con-' 
eluded that additional testing under elevated-temperature 
conditions should be undertaken before tantalum can be 
considered acceptable for unlimited service. No test data 
regarding the compatibility of tantalum with hydrazine 
hydrate or hydrazine nitrate mixtures are available. 

Experimental Data 

Material tested: Tantalum 
Source of data: Ref. 10 
Number of samples tested- 1 
Shape of sample: Sheet, 10 mm X 100 mm X 37 mm 
Propellant: Anhydrous hydrazine (97.52) 
Pressure: Closed system, initially atmospheric 
Temperature: Ambient 
Time: 331 d“»ys 

Results: The sample was completely unaffected. No sig¬ 
nificant decomposition of the hydrazine was 
noted. 

Material tested: Tantalum 
Source of data: Ref. 6 

CONFIDENTIAL Pag« 25 



Memorandum No. 20-152 

CONFIDENTIAL Jôl Propulsion laboratory 

Num ber of sa mples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80°?) 
Time: 30 days 
Results: Approximately 2¾ hydrazine decomposition was 

noted (about VM higher than that found in the 
blank run in glass). 

20. Tin. ft would appear that, from a corrosion stand¬ 
point, tin can be considered acceptable over a narrow 
range of temperatures. Picatinny Arsenal noted no change 
in the weight of a tin sample in contact with hydrazine 
at room temperature for 12 mo, hut observed weight and 
surface discoloration after contact for approximately 6 mo 
at 149° F. Battelle Memorial Institute does not make note 
of any corrosion after contact for 1 mo at cither 80°F or 
140°F. 

More important, perhaps, than the corrosion aspects of 
tin compatibility is the fact that the contamination of 
liquid hydrazine by the oxides of tin lower the ignition 
temperature in air from 428°F to 230°F (Ref. 9). For this 
reason, tin is not recommended for general use with 
anhydrous hydrazine or hydrazine nitrate mixtures. 

Experimental Data 

Material tested: Tin 
Source of data: Ref. 9 
Number of samples tested: 1 
Shafye of sample: Strip 
Propellant: Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73DF) 

Time: 12 mo 
Results: No change in the weight of the sample was 

noted. 

Material tested: Tin 
Source of data: Ref. 9 
Number of samples tested: 1 

Shape of sample: Strip 
Propclhnt: Anhydrous hydrazine (95.1¾) 

Pressure: Atmospheric 
Temperature: 65°C (149°F) 

rime: 11 mo 

Results: A lori in the weight of the sample was noted, 
starting with the seventh month. By the 
eleventh month, the metal had turned very- 
dark, and the test was discontinued 

Material tested: Tin 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples. Strip 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 
Rcsidts: Approximately 3¾ hydrazine decomposition was 

noted (a blank run in glass showed 1.52 decom¬ 

position). 

Material tested: Tin 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.52) 
Pressure: Closed system, initially atmospheric 

Temperature: 60°C (140°F) 
Time: 30 days 
Residís: Approximately 4% hydrazine decomposition was 

observed (about the same decomposition as that 
noted in the blank run in glass). 

21. Titanium. Titanium is considered completely satis¬ 
factory for use with anhydrous hydrnzhu or hydrazine 
nitrate mixtures. Although only one organization, the 1T.R. 
Naval Ordnance Laboratory, hn5 undertaken a compati¬ 
bility test program, this program was detailed and con¬ 
clusive. Aspects of material corrosion, as well as solution 
stability, were determined at ambient and elevated tem¬ 
peratures (10O°F) with anhydrous hydrazine and with a 
number of hydrazine nitrate mixtures of varying concen¬ 
tration. In all cases, the test samples were entirely unaf¬ 
fected, and the solutions themselves showed no significant 

decomposition. 

Experimental Data 

Material tested: Titanium 
Source of data: Ref. 5 
Number of samples tested: 4 
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Shape of samptes: Sheet, 10 mm X 100 mm X 3 mm 
Propefíanls: 97.5¾ NÄ-1.9* H,O-0.6» NH, 

73.4¾ NSH,-18.1% NaHr.NO,-32 H20- 

0.5« NH, 
44.9« N2H4-45.3« NaHRNO,-9.4« HaO- 

0.4« NH, 
19.6« N2H4-78.4« NjH»NOic-1.8« HaO- 

0.2« NH, 
Pressure: Closed system, initially atmospheric 

Tetnperdiutc: Ambient 
Time: 324 to 355 days 
Results'. The material was entirely unaffected. No sig¬ 

nificant decomposition was observed In any of 

the solutions. 

Material tested: Titanium 
Source of data: Ref. 8 
Number of samples tested: 1 

Shape of sample: Strip 
Propellant: 70« N-Hr-25* N^NOr-S* HaO 
Pressure: Closed system, initially atmospheric 

Température: 71°Ö (180°F) 

Time: Öwk 
Results: The títánluirt strip was completely unaffected. 

No significant change in solution composition 

had taken place. 

fl ftfe. All experimental data available indicate that 
zinc is completely unsatisfactory for contact with anhy¬ 
drous hydrazine or hydrazine nitrate mixtures. A definite 
reaction takes place quickly, with severe corrosion of the 

metal and the formation of a precipitate. 

fixpertmenmi Data 

Mátétiaí tested: Zinc 
SoiiiteOf dóhf.‘ Äef. iö 
NmbM àf imple* tested: 2 

Shápe of iánifiies: Slwet 
£rt)peto¿; 41» NsHhNO,~lO« H,0 

Pressiire.1 Atmospheric 
temperature: Ambient 
Tíme: 24 hr 
Results: A definite réaction was noted, with complete 

decomposition of the sample at room tempem- 
türe, 'ílie spétímmi was hot tested At 74°C 

became of its reactivity. 

cmmtHmt 
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Material tested: Zinc 
Source of data: Ref. 9 
Number of samples tested: 1 

Shape of «impfe; ’trip 
Propellant: Anhydrous hydrazine (95.1Ï) 

Pressure: Atmospheric 
Temperature: 21 to 23°C (70to 73°F) 

Time: 2 mo 
Results: Very heavy corrosion was apparent after 1 mo. 

There was a deposit of hygroscopic crystalline 
material over the entire strip. The sample was 
cleaned and placed in the solution for another 
month. At the end of the second month, the 
same condition was apparent. The test was dis¬ 

continued. 

Material tested: Zinc 
Source of data: Ref. 9 
Number of samptes tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1*) 

Pressure: Atmospheric 
Temperature: 65°C (149°F) 

Time: 8 mo 
Results: A weight loss was noted after 1 mo. By the 

eighth tnuiith of the test, very heavy conófion 
and incrustation of the metal was apparent, Tho 

test was discontinued, 

I. rttftfks «rid fflaifoitwn 
L Cellulose acetate* Cellulose acet-te appeãrt to be 

completely unsuitable fsr contact with hydrazine- 
hydrazine nitrate-wah:* fixtures. No data on its com¬ 
patibility with anhydrous hydrazine are available. If the 
material is required tor application with anhydrous hydra¬ 
zine, additional tests should he undertaken, In the 
absence of experimental dnta with anhydrous h^dnatoe, 

this material is not recommended. 

Experimerttol Data 
: ji,|] j|j j I,: ¡": !ijí¿;:. :r 

Material tesiea: Cellulose acetate (flow PS) ¡ ‘ 

Source of data: Ref. 10 “ 
Ntimfeèr of samples tested: 2 
Shape of samples: '¡Sheet 

4Í5Í NsH4~45« NaHsNOa—10* H¿0 

TriSMtiW; Atmospheric 
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Tcmpcra/tirc: 72 to 74°C (161 to 165°F) 

Time: 7 days 
Results: This material, when placed in the propellant. 

became swollen and showed definite signs of 
chemical decomposition. The same type of reac¬ 
tion occurred at ambient temperature and at 
74°C. 

2. DUillyl phthalate. This material appears to be com¬ 
pletely unsuitable for contact with hydrazine-hydrazine 
nitrate-water mixtures. No test data concerning its com¬ 
patibility with anhydrous hydrazine arc available; 
however, because of its extremely poor behavior with the 
nitrate mixture, it would also be unsatisfactory with 
anhydrous hydrazine. 

Experimental Data 

Material tested: Diallyl phthalate (Shell) 
Source of data: Ref. 10 
Number of samples tested: 2 

Shape of samples: Sheet 
Propellant: 45* NaH4-45* NJbNOn-10* HaO 
Pressure: Atmospheric 
Temperature: 72 to 74°G (161 to 165°F) 

Time: 7 days 
flesidto.1 The sample was completely decomposed by the 

solution. 

3. Epon. Epon is not recommended for contact with 

hydrazine nitrate mixtures for extended periods of time. 
Contact times should probably be limited to a few weeks. 
No experimental data on the use of this material wit« 
anhydrous hydrazine are available; howes i r. it appears 

probable that Epon would also be acceptable in this 
application for short contact times. 

.Experimental Data 

Materiel tested: Epon 
Source of data: Ref. 10 
Number of samples tested: 2 
Sftflpe of samples: Sheet 
Propellant: 45* NaH,-45* N,HaNOn-10* H.O 
Pressure: Atmospheric 
Tcmiicmture: 72 to 74°C (161 to 185°F) 

Pave 28 

Time; 7 days 
Results: The specimens showed a definite gain in 

weight and appeared bleached. 

4. Ethyl cellulose. Ethyl cellulose appears to have been 
dissolved to some extent by a hydrazine nitrate mixture. 
In view of the degree of attack, ethyl cellulose would 
probably be acceptable for time periods of a few weeks, 
both in hydrazine nitrate mixtures and in anhydrous 

hydrazine. 

Experimental Data 

Material tested: Ethyl cellulose (E/C-232) 
Source of data. Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant. 45* N3H4-4h'* N,H,riO;,-10* H.O 
Pressure: Atmospheric 
Temperature: 72to74°C (161 to i65QF) 

Time: 7 days 
fteju/fs: An apparent material loss of 2* and a very slight 

color change were noted. 

5. Furane resin. It appears that furane is soluble to 
some extent in hydrazine nitrate mixtures. In all likeli¬ 
hood, furane resin would be acceptable in contact with 
hydrazine nitrate mixtures ami anhydrous hydrazine for 
time periods limited to a few weeks. 

Experimental Data 

Material tested: Furane resin (Resin X) 
Source of data: Ref. 10 
Number of samples tested: 2 
Shflpc of samples: Sheet 
Propellant: 45* N2H;-45* N2HnNOa-10* H20 
Pressure: Atmospheric 
Temperature: 72 to 74°C (161 to 165°F) 

Time: 7 days 
Resulto The sample showed a definite loss in weight 

(4.3*). No other physical changes were noted. 

6. Hycar. The only experimental data available indicate * 
limited acceptability for Hycar in contact with hydra* 
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zine hydrate. It is probable that it would also be accept¬ 
able with anhydrous hydrazine tor short-term contact. 
Additional tests should be made betoic use with hydro- 
zine nitrate mixtures is contemplated. 

Experimental Data 

Material tested: Hycar 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: O-ring 
Propellant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 14 to 25°C (59 to 75°F) 
Time: 67.5 hr 

Results: A slight reduction in the weight of the sample 
was observed. This material was considered 
satisfactory by M. W. Kellogg Company. 

7. Kel-F. Kel-F appears to be satisfactory for extended 
use with both hydrazine and hydrazine nitrate mixtures. 
Experimental data indicate surface discoloration, but no 
apparent effect on other physical properties. It is believed, 
however, that if there is any preference in the use of 
plastics, Teflon or polyethelene should be employed 
before Kel-F is considered. 

Experimcrital Data 

Material tested: Kel-F (NST 270, pressed) 
Source of data: Ref. 16 
Number of samples tested: 6 
Shape of samples: Jí-in, sheet 
Propetiaht: Anhydrous hydrazine (96¾) 
Pressure: Atmospheric 
Temperature: Ambient 

time: 1Í4 to 377 days 
Results: Most samples showed very slight weight 

increases. Two samples were tinted brown. Öne 
sample, at the end Of 377 days, showed ho 
weight change. 

Material tested: Kel-F 
Source of data: Ref. 10 
Number of samples tested: 2 

Shape of samples: Sheet 
Propellant: 45* N2H4-45* N,HftNO,-l0* tijO 

Jet Propulsion laboratory 

Pressure: Atmospheric 
Temperature; 72 to 74°C ( 161 to 165e F ) 
Time: 7 days 

Results: No sigi. of definite loss or gein in weight was 

noted. Tiie specimen turned brown (apparently, 
u skin effect). 

Material tested: Kel-F 

Source of data: Ref. 18 
Test conditions: None given 
Results: This material is considered by North American 

Aviation, Inc., to be suitable in contact with 
hydrazine for extended times at temperatures 
up to 390° F. 

S. Lactopreme. This material apparently changes 
physical properties rather dnstically on contact with 
hydrazine nitrate mixtures. U is likely that it would also 
lie unsatisfactory for use with anhydrous hydrazine. 

Experimental Data 

Material tested: Lactopreme (BN-Í5-298) 
Source of data: p«f. ÍÒ 

Number of samples tested: 2 
Shape of samples: Sheet 
Profilant: Á5% N2H4—45* N,.W,NO,-lO* ti:0 
Pressure: Atmospheric 
ï zmpemtürè: 72 to 74°C (Í6Í to l65°F) 
T me: 7 days 
Results: The specimens showed u slight loss in weight. 

The material cracked, became embrittled, and 
showed a color clumge. 

0. Litcite. Lucite appears to be satisfactory foi* contact 

periods of a few weeks, both with àiihydfous hÿdrÜÉhe 
and with hydrazine nitrate mixtures. 

ÈxperlnUstitd Data 

Material tested: Lücite (Métbacrÿlttte, büjkiht) 
Source of data: Ref. ÍÓ 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45* NJL-45% Nub 
Pressure: Atmöspheric 
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Temperature: 72 to 74°C (161 to 165°F) 
Time: 7 days 
Resulto: The samples showed a slight loss in weight, but 

no apparent physical changes were noted. 

Material tested: Lücite 
Sôuÿcc of data: Ref. 6 
Number of samples tested: 1 or 2 
trofièilaàt: Anhydrous hydrazine (95.5¾) 
tressute: Closed system, initially atmospheric 
TcmpeMurc; 29QC (85°F) 
Time: 30'days 
kesutis: Approximately 3¾ hydrazine decomposition was 

Observed (about twice that noted in the blank 

run in gláss). 

ití. Melamine formaltièliÿde. Mefamine formaldehyde 
was odectcd to some extent by the hydrazine nitrate mix- 

iure iised in the test, ft probably would be acceptable in 
contact with' hydrazine riifraie mixtures or anhydrous 
hydrazine for íètfhs limited to approximately a week. 

ExpêrtníeHtat tíaia 

Siateriúí tested: Mèlámihe formaldehyde (Mèímac 15ÖÖ) 
Source of data: Rèf. ÍO 
Ñithibér óf samples tested: 2 
Shape of samples: Sheet 
hopeiUnli 45¾ N JI^-45* N^NÖn-lOS W,0 
Pressure: Atmospheric 
temperature: 7Í td 74°0 (Í6Í to 105°h) 
Ttnie: 7 days 
kcmts: the samples showed a definite loss in weight 

í3.Í2!Sj. A bleaching effect was noted in both the 
liquid and the vapor phase. 

1L Nylon. Nylon appears to possess limited accept¬ 
ability fór lise With anhydrous hydrazine Or hydrazine 
riitrute solutions, tt apparently would be Usable for short¬ 
term contact, blit hot Fot extended application. 

Experimental Data 

Material tested! NylöU (iÖÖÖl) 
Source of data: Ref. 5 

^timber of samples tested: 4 

- ,>-• —Ul 

Y Y':.": 

Shape of samples: Sheet 
Propellants: 97.5¾ N.H.-l.M 11.0-0.6¾ NH, 

78.4¾ N-jH ,-18.1¾ N,HsN0j-3i FI.O- 
0.5¾ NH 
44.9¾ N,H ,-45.3¾ N ,11.,^0 ,-9.4¾ FI30- 
0.4¾ NH , 
19.6¾ NaHi-78.4? N,VU>ö.r-m H,0- 
0.2¾ NH,, 

Pressure; Atmospheric 
Temperature: Ambient 
Time: 167 to 382 days 
Results: The samples varied, but all showed yellowing 

and brittleness. The worst samples exhibited n 
roughened and powdery surface. 

Î2. Phenolic. This material woxdd probably br suitable 
for contact with both the hydrazine nitrate mixtures and 
anhydrous hydrazine for times limited to a few days. 
However, because of its definite chemical breakdown, it 

should be avoided if possible. 

Éxperimehiât Data 

Material tested: Phenolic (BN-250) 

Sottrce óf datäf Hei. xU 
Number of samples tested: 2 

Shape of samples: Sheet 
Propellant: 46* NafM5* NaH3NO,-10* tt,0 

PrCSsiire: Atmospheric 
Temperature: 72 to 74°C (ißl to l65°F) 
Time: 7 days 
Hcsirifs: the loss in Weight of the sample was slight, but 

the surface of ihc rmrferinî showed defiriite 
slgtis of chemical reaction. 

13. Polyester. Polyester appeared to be rather readily 
attacked by tlië liydräzine nitrate test mixture and, con¬ 
sequently, is hot recommended for use with hydrazine 

nitrate mixtures. Ih ôll likelihood, it would behave com- 
pàrabîÿ iii áhhydrous hydrázine. 

Experimental Data 

Materials tested: (1) Polyester (500) 
(2) Polyester (P41/Styrcnc, 5* Al, 

2* Co) 

cónfióíntíàí 
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Source of data: Ref. 10 
Numher of samples: 2 each 
Shape Of samples: Sheet 
Propellant: 45* NaH,-452 NsHnNO3-I0* HsO 
Pressure: Atmospheric 
Temperature: 72 to 74°C (161 to 165° F) 
Time: 7 days 
Results: A slight Foss in weight, a definite color chango. 

andf decomposition of the material was noted 
in all cases. A pungent gas was noted during 
and alter removal of the samples from the oven. 

Í4. Polyethylene. Polyethylene appears to be well 
suited for tisc with anhydrous hydrazine or hydrazine 
nitrate mixtures. All Experimental data indicate no change 
in tlie physical condition of the polyethylene for time 
periods of somewháé mOre than 1 yr, at both ambient and 
elevated temperatures. 

Experimental Data 

Mulcrínl tested: Polyethylene 

Sohrce of data: Ref, 5 
Nûhiher of samples tested: 4 
Shape Of samples: Sheet 
Projwllants: 97.5* tfÄ-l.Ö* 11,0-0.9* NH , 

78.4* NA-iö.i* N2W.,NOn^* ttaO- 
Ö.5* NH, 
44.9¾ N2M4-45.3* Nsllr.NO,-1.8* ll20- 
Ö.4» Nka 
19.6¾ tó*IÍ4-78.4* N,llnNOn-9.4* HsO- 
0.2* NHa 

Temperature. Ambient 
Tittle: 3Í2 to 383 dá^s 
Htóídtí; The samples were apparently unaffected. 

Material tested: Polyethylene 

Source of data: Reif. 8 
hl umher of samples tested: 1 

Shape of sample: sheet 
PràpéttMt: 70% N2H4-25% N2ttnN03-5* H20 
Pressure: ÀtmosjpheWc 
Temperature: 7ÍÒC (Ï600F) 

Time: 9 wk 
Results: À Very slight Weight increase was observed, but 

nò apparent change occurred in the physical 
condition of the specimen. 

Material tested: Polyethylene 
Source of data: Ref. 9 
Number of samples tested: 1 

Shape of sample: Strip 
Propellant: Anhydrous hydrazine 
Pressure: Atmospheric 
Teniperature: 21 to 23aC (70 to 73°F) 

Time: 12 mo 
Rè.útltá: Ño loss or gain in the weight of the sample was 

observed. ïhe material was completely satis¬ 
factory after contact with hydrazine for a 

period of ! yr. 

Material tested: Polyethylene 

Sotircc of datd: Ref. 0 
Number of samples tested: I 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 

Pressuré. Atmospheric 
Temperature: 65°C (149°F) 
Time: 12 tno ' 
Results: No change occurred iri the weight or appéár- 

artce Of the sample. The material was com¬ 
pletely satisfactory after contact with hydra¬ 
zine foi peHod of i yT. 

Material tested: Polyethylehe 
Source Of data: Ref. is 
Experimenta/ dáta: Ñ0he given 
Remití: Ute material wris considered by North Ameri¬ 

can Aviation, irte., to be sUlhble in contact with 
hydrazine fot long-time service at iemperehltes 
up to Í3P°F 

Material tested: Polyethylene 
Source of data: Ref. 6 

Number of samples tested • 1 Or 2 
Propellant: Atthydmc.s hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: ¿6°C (80° F) 

time: 3Ö dáys 

Results: App^ximately 2* hydrazine decomposition Was 
observed {about Î** mote than that POt^d for 
the blank run in glass). 

IS. Polystyrene and polydichlf/rotti/rene. ‘Doth Of these 
materials exhibited physicàl-pròpcrty changes after con- 
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tact with anhydrous hydrazine or hydrazine nitrate mix¬ 
tures. Although they will probably stand up for short 
periods of time, their use is not recommended. 

Experimental Data 

Materials testeil: (1) Polystyrene (Köppers) 
(2) Polydichlorostyrene (Mathieson) 

Source of data: Kef. 10 
Number of samples tested: 1 each 
Shape of samples: Sheet 
ProjfcUant: 45« NaH8N<Vl(K H?0 
Pressure: Atmospheric 
Temperature: 72 to 74°C (Í01 to 165°F) 
Time: 7 days 
Results: Surface changes and warping were observed. 

Material tested: Polystyrene 

Source of data: Kef. 5 
Number of samples tested: 4 
Shape of samples: Sheet 
Propellants: Ö7.5» N3H,-1.9S H2O~O.0S NHa 

18A% NA-lS.lS N3HflN03-3« tt20- 

0.5« NHa 
44;e«NîH4-45.5«Nstt„N01-9.4«H20- 
0.4« NHa 
19.6« NA—78.4« NbH||NO,—1.8« HjO- 
0.â« NHa 

Pressure: Atmospheric 
Temperature: Ambient 
î’OHc: 43 to 383 days 
Hestihs: Ail the samples exhibited large Weight increases 

and internal frosting and cracking or caused gas 
evolution and solution-composition changes. 

Thé material is not recommended For long-term 

storage. 

M, Polyvinyl alcohol. This material is completely 
unsatisfactory for use with anhydrous hydrazine. No data 
are available on its compatibility With hydrazine nitrate 

mixtures. HoWeVeT, it iä probable that it would be equally 
unsatisfactory in the latter application. 

Experimental Data 

Material tasted: ÍPòlyvinyl àlcóhôl 

Source of (lata: Ref. 9 

tdf* W 

Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (95.17) 
Pressure: Atmospheric 
Temperature: 21 to 2.3°C (70 to 73’F) 
Time: Vj hr 
Results: The material swelled and started to disintegrate 

in Vj hr 

Material tested: Polyvinyl alcohol 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (95.17) 
Pressure: Atmospheric 
Temperature: ö5°C (149°F) 

Time: 1 hr 
flesidte: The material swelled in l hr. 

17. PohjDinyl chloride (Koroseal, Vinylite). The consen¬ 
sus among the organizations which have tested polyvinyl 
chloride is that this material is completely unsatis¬ 
factory for contact with hydrazine or hydrazine nitrate 
mixtures. All orguni- ‘otis, with one exception, report 
severe changes in the physical properties of the polyvinyl 

chloride within a short time. 

Experimental Data 

Material tested: Polyvinyl chloride (B. F Goodrich) 

Source of data: Ref. 10 
Number of samples tes W* 2 
Shape of samples: Sheet 
Propellant: 45« N,H,-45« N3HaNO,-10« H,0 
Pressure.* Atmospheric 
Temperature: 72 to 74°C (lbI to 165°F) 

Time: 7 days 
Results: The samples showed definite weight gains and 

changes in physical properties. The materia! 
changed color, and the surface of the material 

cracked and blistered. 

Material tested: Polyvinyl chloride (unplasticized) 

Source of data: Ref. 8 

Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: 70« N2H<-25« NJHRN0.1-5« H20 
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Pressure: Atmospheric 
Temperature: 71 °C (160°F) 
Time: 9 wk 

Results: The specimens turned brown, swelled, and were 
extensively blistered. Needlelike crystals were 
obviously formed. The material is considered 
unsuited for use with hydrazine solutions. 

Material tested: Polyvinyl chloride 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 
Time: 7 days 

Results: The material turned deep yellow in 7 days. 

Material tested: Polyvinyl chloride 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: 2 days 

Results: The material swelled, turned deep yellow, then 
Ijecame cream-colored in 2 days. 

Material tested: Polyvinyl chloride (Koroseal, B. F. 
Goodrich) 

Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 14 to 25°C (59 to 75°F) 
Time: 67.5 hr 
Results: Small blisters on the sample were observed at 

end of the test. However, M. W. Kellogg 
considered the material satisfactory. 

Mate Hal tested: Polyvinyl chloride (Koroseal, B. F. 
Goodrich) 

Source of data; Ref. 18 
Test conditions: None given 
Results: This material is considered by North American 

Aviation, !nc., to be suitable for long-time use 

at températures up to 122°F. Some swelling 
was noted at higher temperature (150°F). 

Material tested: Polyvinyl chloride (Vinyhte, Bakelite) 
Squrce of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: O-ring linear mold 3248C 
Propellant: Anhydrous hydrazine (94.48¾) 
Pressure: Atmospheric 
Temperature: 15.2 to 23°C (59 to 74°F) 
Time: 48 hr 
Results: The entire sample became darker. There was 

some loss of flexibility. The material was con¬ 
sidered still usable at the end of the test. 

18. Rubber (natural). The majority of the otganiza- 
Hons which have tested natural rubber with anhydrous 
hydrazine report that the rubber absorbtd hydrazine. It 
is believed that natural gum rubber should be avoided, 
if possible. 

Experimental Data 

Material tested: biral gum rubber 
Source of data: Ref. 4 

Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6¾) 
Pressure: Atmospheric 
Temperature: 20°C (680F) 
Time: 24 days 
Results: Tlic mnt.?r.a! absorbed hydrazine, but remained 

strong and pliable. 

Material tested: Natural rubber 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1Ï) 
Pressure: Atmospheric 
Temfwrature: 21 to 23°C (70 to 73°F) 
Time: 22 hr 

Restlffs: In 22 hr, the specimen swelled, and the solu¬ 
tion became discolored. 

Material tested: Natural rubber 
Source of data: Ref. 9 
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Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1Ï) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: A few minutes 
Results: The sample swelled immediately on contact 

with the solution. 

Material tested: Natural rubber (U. S. Rubber) 
Source of data: Ref. 18 
Test Conditions: None given 
Results: The material is considered by North American 

Aviation. Inc., to be satisfactory for extended 
usage at ambient temperature, or at tempera¬ 
tures up to 200°F for intermittent use. 

Material tested: Pure gum rubber 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 

Temperature: 26°C (80°F) 
Time: 30 days 
Results: Approximately 1.5% hydrazine decomposition 

was observed (about the same percentage as 
that attained with the blank run in glass). 

Material tested: Pure gum rubber 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 60°C (140°F) 
Time: 30 days 
Results: Approximately 1% hydrazii ■ . ,. >:tfon was 

noted (the blank run hi r.' ir> ’¡cated 4% 
decomposition). 

19. Rubber (synthetic). Among the synthetic rubbers, 
compatibility data were found and evaluated for Neo¬ 
prene, buna N, and four samples of synthetic rubber 
especially prepared by Picatinny Arsenal. 

Neoprene rubber appears to absorb hydrazine rather 

quickly and, for that reason, should probably be avoided. 
If required for a specific application, it should be used 

under static conditions and checked often. 

Experimental Data 

Material tested: Neoprene 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (95.6%) 
Pressure: Atmospheric 

Temperature: 20°C (68°F) 
Time: 24 days 
Results: The specimen absorbed hydrazine, but still 

appeared strong and pliable. 

Although no blanket recommendation can be made for 
buna N base rubbers, the two samples tested appeared 
unaffected over a span of 23 days and would probably be 
satisfactory for at least a few months. Frequent checks 
of the material should be made if it is used. This is par¬ 
ticularly true for dynamic applications. 

Experimental Data 

Material tested: Buna N compound 27-351 (Parker 
Rubber) 

Source of data Unpublished data from test starting 
July 5, 1956 

Number of samples tested: 1 
Shape of sample: O-ring 
Propellant: 66% NBH4~24% N3 l5NO3-10% HaO 
Pressure: Atmospheric 

Temperature: Ambient 
Time: 23 day 
Results: No physical change oi eurred in the O-ring sub¬ 

merged in the test solution. At the end of die 
test, th * /--1 meter wa. the same as when the 
sample placed in .he solution. No analysis 

was h ade of the solution. 

Material tested: Buna N compound SR-349-70 (Stillman 

Rubber) 
Source of data: Unpublished data from JPL test starting 

July 5,1956 
Number of samples tested: 1 

Shape of sample: O-ring 
Propellant: &% N2H4-24% NaHaNOs-10% H,0 

Pressure: Atr lospheric 

Temperature: Ambient 
Time: 23 da s 
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Results: No physical change occurred in the submerged 
specimen. The diameter of the O-ring did not 
change. No analysis was made of the solution. 

Four samples of synthetic rubber were especially pre¬ 
pared by Picatinny Arsenal to resist the action of hydra¬ 
zine. They were compounded as follows: 

Component 

Composition in Parts 

Sam- 
plo 
A 

Sam- 
plo 

B 

5am- 
plo 
C 

Sam- 
plo 

D 

Natural ruhbtr 

Rutadianilyrtna copofymir 

Naoprent 

luladlanvacrylonltrll« 

Stearic add 

Zinc oxide 

Sulphur 

Circe-all 

Thermetemle carbon blech 

Phayl-6-naplhyleinlno 

Bantuthiazyldiiulphida 

100.0 

0.0 

0.0 

0.0 

1.0 

5.0 

u 

15.0 

J.O 

0.0 

1.0 

0.0 

100.0 

0.0 

0.0 

1.0 

5.0 

1.3 

15.0 

50.0 

0.0 

1.0 

0.0 

0.0 

>00.0 

0.0 

1.0 

5.0 

1.0 

/ 15.0 

50.0 

2.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.3 

5.0 

1.0 

15.0 

50.0 

0.0 

1.0 

All the compounded synthetic rubbers listed above 
were found to be completely unsatisfactory with anhy¬ 
drous hydrazine, as indicated below. 

Experimental Data 

Materials testai: Synthetic rubbers A, 3, C, and D 

Source of data: Ref. 9 
Number of samples: 1 each 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.4%) 
Pressure: Atmospheric 
T emperature: 21 to 23ÜC (70 to 73°F) 

Time: 22 hr 
Rcsuf/s: All the compounds reacted in 22 hr, swelled, 

and discolored the solution. The tests were dis¬ 
continued. 

Materials tested: Synthetic rubbers A, R, C, and D 
Source of data: Ref. 9 
Number of samples tested: 1 each 
Shaftc of samples: Strip 
Prope/fonf: Anhydrous hydrazine (95.4%) 
Pressure: Atmospheric 

Temperature: 05°C (149°F) 
Time: UptM'-lhr 
Results: Compounds A and B started to cwell in 2 hr. 

Compound C swelled in 4½ hr. Compound D 

started to swell and disintegrate immediately. 

20. Saran. Saran is considered unsatisfactory for use 
with anhydrous hydrazine or hydrazine nitrate mixtures. 
Deterioration of the Saran is apparent in a matter of 
hours. 

Experimental Data 

Material tested: Saran 
Source of data: Ref. 10 
Number of samples tested 2 
Shape of samples: Sheet 
Propellant: 45% NsH1-45% N.HSNOS-10% HaO 
Temperature: 72 to 74°C (IbJ to 165°F) 
Time: 7 days 
Results: The sample showed u definite gain in weight 

(8.7%) and physical-property changes. 

Material tested: Saran (Bll-K-1791, color S-192B) 
Source of data: her. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6%) 

. Pressure: Atmospheric 
Temperature: 20°C (68UF) 
Time: 24 days 
Results: At the end oí the test, the specimen was dark 

and brittle. 

Material tested: Saran 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1%) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 

rime: 3 hr 
Results: The material darkened and became brittle in 

3 hr. 

Material tested: Sarnn 
Source of data: Ref. 9 
Number of samples tested: l 
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Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.1¾) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 
Time: 2 hr 
Results: The material became brittle in 2 hr. 

Material tested: Saran 
Source of data: Ref. fl 
Number of samples tested: 1 or 2 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 

Approximately 2.5Ï hydrazine decomposition 
was noted (about 1¾ more than that for the 
blank run in glass). 

21. SiUutic. Silastic appears to be adequate, ct least for 
moderate contact times with anhydrous hydrazine. Addi¬ 
tional tests should be run before silastic is used for periods 
of more than a few weeks with hydrazine nitrate mixtures. 

Experimental Data 

Material tested: Silastic 167 (Dow-Coming) 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: O-ring from linear mold 3248C 
Propellant: Anhydrous hydrazine (94.48¾) 
Pressure: Atmospheric 
Temperature: 15 to 23.9DC (59 to 74°F) 
Time: 48 hr 
Results: No change occurred in the appearance or Flex¬ 

ibility of the sample. The material is considered 
satisfactory by M. W. Kellogg Company. 

Material tested: Silastic 
Source of data: Ref. 18 
Test conditions: None given 
Results: Silastic-type elastomers are considered satisfac¬ 

tory at temperatures up to 300°F for extended 
usage. 

22. Teflon. Teflon is considered to be completely com¬ 
patible with anhydrous hydrazine, hydrazine hydrate, and 
hydrazine-hydrazine nitrate-water mixtures. All the 

organizations that have tested Teflon report no change in 
its physical properes and no significant decomposition 
of the hydrazine. 

Experimental Data 

Material tested: Teflon 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Anhydrous hydrazine (94.48¾) 
Pressure: Atmospheric 
Temperature: 16 to 25°C (61 to 77°F) 
Time: 48 hr 
Results: No change in the appearance or properties of 

the sample was observed. 

Material tested: Teflon 
Source of data: Ref. 3 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 14 to -13C (57 to 75°F) 
Time: 67,5 hr 
Results: No attack or change in weight of the sample 

was observed. The material is considered satis¬ 
factory for this service. 

Material tested: Teflon 
Source of data: Ref. 16 
Number of samples tested. 6 
Shape of samples: Extruded Vfi-in. sheet 
Propellant: Anhydrous hydrazine (96%) 
Pressure: Atmospheric 

Temperature: Ambient 
Time: 119 to 382 days 
Results: A very slight gain in weight occurred in all 

samples. The material is considered satisfactory 
by M. W. Kellogg Company. 

Material tested: Teflon 
Source of data: Ref. 8 
Number of samples tested: 1 
Shape of sample: Sheet 
Propellant: 70%NsH«-25% HsO ' 
Vrassure: Atmospheric 
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Temperature: 71°C U60°F) 
Time: 9 wk 
Results: The sample appeared to have suffered no 

changes in physical condition. The composition 
of the solution did not change to any significant 
degree. 

Material tested: Teflon 
Source of data: Ref. 5 
Number of samples tested: 4 
Shape of samples: Sheet 
Pro¡ allants: 97.5¾ N,Ht-1.97 H,.0-0.6% NH„ 

78.4% NjHi-18.1% N2HcNO,-3% H30- 
0.5% NH., 
44.6%NaH^45.3% N,.HftNO,-9.4% H,0- 
0.4% NH, 
19.6% NjH*—78.4% N2HANO,-l .8% HaO- 
0.2% NH, 

Pressure: Atmospheric 
Temperature: Ambient 
Time: 370 to 385 days 
Results: All the samples were apparently unaffected. 

The compositions of the solutions did not 
change appreciably. 

Material tested: Teflon 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6%) 
Pressure: Atmospheric 

Temperature: 20°C (68°F) 
Time: 24 days 
Results: No change was observed. Thj material was 

strong and pliable and had absorbed no 

hydrazine. 

Material tested: Teflon 
Source of data: Ref. 18 
Tes/condfrtons: None given 
Reitif/s; The material is considered by North American 

Aviation, Inc., to be suitable in contact with 
hydrazine for long-time usage at temperatures 

up to 500°F. 

Material tested: Teflon 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closet', system, initially atmospheric 
Temperature: 26°C (30CF) 
Time: 30 days 
Results: Approximately 2% hydrazine decomposition was 

observed (about ‘irî? more than that noted in the 
blank run in glass). 

Material tested: Teflon 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Propellant: Anhydrous hydrazine (95.5%; 
Pressure: Closed system, initially atmospheric 
Temperature: 60°C (140°F) 
Time: 30 days 
Results: Approximately 2% hydrazine decomposition was 

observed (about onr-half as much decomposi¬ 
tion as that noted in the blank run in glass). 

Material tested: Teflon 
Source of data: Ref. 6 
Number of samples tested: 1 
Shape of sample: atrip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 60°C (140°F) 

Time: 4 mo 
Results: The sample was unaffected and did not decom¬ 

pose the hydrazine to any ext nt 

23. Tygon. Tygon possesses limited suitability fur use 
with anhydrous hydrazine. Contact times should be 
limited to short periods. The material should not be used 
with hydrazine nitrate mixtures without further testing. 

Experimental Data 

Material tested: Tygon 
Source of data: Ref. 4 
Number of samples tested: "l 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6%) 
Pressure: Atmospheric 
Temperature: 20°C (68°F) 
rime: 24 days 

Results: Tlie material absorbed hydrazine, but remained 
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strong and pliable. Aftor drying, the material 
shrank to its original dimensions. 

24. U. S. Rubber Plastic L792S. This material, which 
is a polymer of butadiene, styrene, and acrylic, appears 
to be adequate for use with anhydrous hydrazine and 
hydrazine hydrate for periods of a few weeks. Additional 
tests should be made if this material is to be used with 
hydrazine nitrate mixtures or for extended time periods. 

Experimental Data 

Material tested: U. S. Rubber Plastic L782Ô 

Source of data: Ref. 3 
Number of samples tested: 2 
Shape of «ampies; Sheet 
Propellant: Anhydrous hydrazine 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Time: 140 hr 
flestif/s; The hydrazine turned pink, in each case. A 

slight loss in the weight of the sample was 
noted. No change occurred in the appearance 

of the sample. 

Afaft..-1 tested: U. S. Rubber Plastic L7825 
Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Sheet 
PropeUant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Time: 168 hr 
fleiirifs; No change in the appearance or weight of the 

samples was observed. 

Material tested: U. S. Rubber Plastic L7825 

Source of data: Ref. 18 
Test condition: None given 
Results: The material is considered by North American 

Aviation, Inc., to be suitable for long-time 
ambient-temperature usage with hydrazine. 

25. (/. S. Rubber Plastic M20995. This material, which 
is a polyethylene-polyisobutylene polymer, appears to be 

U 

adequate for use with anhydrous hydrazine and hydra¬ 
zine hydrate for periods of a few weeks. Additional tests 
should be made if this material is to be ust \ with hydra¬ 
zine nitrate mixtures. 

Experimental Data 

Material tested: U. S. Rubber Plastic M20995 
Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Time: 188 hr 
Results: No change in the appearance of either sample 

was noted. A slight gain in weight occurred in 

each sample. 

Material tested: U. S. Rubber Plastic M20995 
Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered by North American 

Aviation, Inc., to be suitable in contact with 
hydrazine for long-time ambient-temperature 

uses. 

26. Veloform. Veloform is considered to be unsatisfac¬ 
tory for use with hydrazine-hyd*«zine nitrate -water mix¬ 
tures and, in all likelihood, would be unsatisfactory with 

anhydrous hydrazine. 

Experimental Data 

Material tested: Veloform (F-10CPP264) 

Source of data: Ref. 10 
Number of samples tested: 2 
Shape of samples: Sheet 
Propellant: 45* N2H4-45% N5HflNO,-10* HsO 
Pressure: Atmospheric 
Tcmjyerature: 72 to 74°C (161 to 165°F) 

Time: 7 days 
Resalís; The samples showed a definite gain in weight; 

the material decomposed and swelled, and the 
color changed from white to black. 
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C. Miscellaneous Materials 

l. Asbestos. Asbestos apparently is not physically 
attacked to any degree by anhydrous hydrazine. Its form 
of manufacture, however, appears to be the principal 
factor in determining its acceptability. In an oral com¬ 
munication from the Fairmount Chemical Company to 
the Battelle Memorial Institute, it was pointed out that 
hard asbestos was found satisfactory for gasketing and 
valve packing, but that soft asbestos, because of its porous 
nature and, hence, its large surface area, burst into Hame 
when soaked with hydrazine and exposed to air; even 
hard asbestos must be watched carefully for frayed edges, 

which may become soaked with hydrazine (Ref. 6). 
Battelle also reports, on the basis of communication with 
Western Cartridge Company (Ref. 6), that an accident at 
the Western Cartridge plant was traced to asbestos soaked 
with hydrazine. Mathieson Chemical Corporation has 
stated that asbestos acts to catalyze the decomposition of 
hydrazine (Ref. 2). 

It is recommended, therefore, that asbestos be avoided 
if possible. If it is necessary to use asbestos, only hard 
asbestos should be used, and frequent inspection should 
be undertaken. 

Experimental Data 

Material tested: Asbestos 
Source of data: Ref. 4 
Number of samples tested: 1 
Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.6¾) 
Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time: 24 days 
Results.’ No change in the specimen was noted. 

Material tested: Asbestos 
Source of data: Ref. 18 
Test conditions: None given 
Restdts: This material is considered by North American 

Aviation, Inc., to be suitable. 

Material tested: Asbestos (Pyreid) 
Source of dûta: Ref. 6 
Number of samples tested: 1 or 2 
Propellant: Anhydrous hydrazine (95.5¾) 

Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80° F) 
Time: 30 days 
Results: Approximately 2.0¾ hydrazine decomposition 

was observed (a blank run in glass showed 1.5Ï 
decomposition). 

Material tested: Asbestos (Vellumoid) 
Source of data: Ref. 6 

Number of samples tested: i or 2 
Propellant: Anhydrous hydrazine (95.5¾) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80°F) 
Time: 30 days 

Results: Approximately 2.0% hydrazine decomposition 
was observed (about ui% high« than that for a 
blank run in glass). 

2. Glass. Glass, both soft and hard (Pyrex), is consid¬ 
ered to be completely satisfactory for contact with 

anhydrous hydrazine and hydrazine nitrate mixtures. 
Picatinny Arsenal reports that anhydrous hydrazine 
stored in both hard- and soft-glass bottles at room tem¬ 
perature caused solution of the glass after 12-mo 
storage. The nonvolatile content was 0.02% at 65°C 
(149°F), indicating only a very slight amount of solution. 
The hydrazine stored in both hard and soft glass at room 
temperature underwent practically no decomposition 
after 1 year. At 65°C (149°F), some hydrazine decomposi¬ 
tion occurred; however, since the beetles were opened 
frequently to extract samples, it is believed that the 
detainpcEiiion was rot ratisd by the glass. 

Experimental Data 

Material tested: Soft glass 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Rod 
Propellant: Anhydrous hydrazine (95.4%) 
Pressure: Atn.ospheric 
Temperature: 21 to 23°C (70 to 73°F) 
Time: 12 mo 

Results: No change in the weight or appearance of the 
sample was noted. 

Material tested: Hard glass (Pyrex) 
Source of data: Ref. 9 
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Number of samples tested: 1 

Shape of sample: Rod 
Propellant: Anhydrous hydrazine (95.4¾) 
Pressure: Atmospheric 
Temperature: 21 to 23°C (70 to 73°F) 

Time: 12 mo 
Results: No change in the weight or appearance of the 

sample was observed. In a separate test a hard- 
glass bottle containing hydrazine of 95.4¾ com¬ 
position before storage showed a composition 
of 93.1¾ after 12 mo. The bottle had been 
opened and closed many times and had air 

above the liquid. 

Material tested: Soft glass 
Source of data: Ref. 9 
Number of samples testen. 1 
Shape of sample: Hod 
Propellant: Anhydrous hydrazine (95.4¾) 

Pressure: Atmospheric 
Temperature: 65°C (149°F) 

Time: 12 mo 
Results: No change in the weight or appearance of the 

sample was noted at the end of the test. 

Material tested: Hard glass (Pyres) 
Source of data: Ref. 9 
Number of samples tested: 1 
Shape of sample: Rod 
Propellant: Anhydrous hydrazine (95.4%) 
Pressure: Atmospheric 
Temperature: 65°C (149°F) 

Time: 12 mo 
flefults: No change in the weight or àppearance of the 

sample had appeared at the end of the Lest. In 
a separate test, a hard-glass boî*’" containing 
hydrazine of 95.4% composition et die start of 
the test showed a concentration o: 94.9% after 
12 mo. The container had been openod several 
times and air had been admitted above the 

liquid. 

Material tested: Glass 
Source of data: Ref. 6 
Number of samples tested: 1 

Shape of sample: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 

Temperature: 60°C (140r F) 

Time: 4 mo 
Results: The samp.’e was unaffected and did not decom¬ 

pose the hydrazine to any extent. 

3. Graphite. It is believed that graphite presents much 
the same type of compatibility problem as does asbesto*. 
That is, the form in which the graphite is processed is the 
controlling factor in its compatibility. It appears that 
physically, graphite is relatively unaffected by hydrazine. 

The use of graphite should probably he avoided, if 
possible. If it Is required for a specific upplic./Ion, care 
should be taken to utilize graphite of low porosity, and 

frequent inspections should he made. 

Experimental Data 

Material tested: Natural carton porous graphite, grade 

eo 
Source of data: Ref. 3 
Number of samples tested: 1 
Propellant: Anhydrous hydrazine 

Pressure: Atmos 1 °ric 
Temperature: 15 to 24°C (59 to 75°F) 

Time: 48 hr 
Results: The material itself was apparently unaffected; 

however, there was a greater-than-normal 
decomposition of the hydrazine. The material 
is not recommended by M. W. Kellogg 

Company. 

Material tested: Graphite vaive packing 

Source of data: Ref. 4 
Number of samples tested: 1 

Shape of sample: Strip 
PropeMani: Anhydrous hydrazine (95.6%) 

Pressure: Atmospheric 
Temperature: 20°C (68°F) 
Time: 24 days 
Rewrite: No change in the specimen was noted. 

4. GraphUar. Because of the close similarity of graphi¬ 
tât to graphite, it is believed that the evaluation given 
for graphite adequately describes the compatibility of 

graphitar. 
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Experimental Data 

Material tested: Grnphitar 2 (U. S. Graphite) 
Source of dala: Ref. 3 
Number of samples tested: 1 

Shape of sample: Cut from foil 
Propc/Jiznf: Anhydrous hydrazine (94.48¾) 

Pressure; Atmospheric 
Tempe iture: 15 to 23.2°C (59 to 74°F) 
Time: 48 hr 
ftesfi/fs; The materia! itself was apparently unaffected; 

however, there was a greater-than-normal 
decomposition of the hydrazine. The material 

is not recommended by M. W. Kellogg Com¬ 
pany. 

Material tested: Graphitar 50 (U. S. Graphite) 

Source of data: Ref. 3 
Number of samples tested: 1 

Shape of sample: Cut from foil 
Propellant. Anhydrous hydrazine (94.48%) 
Pressure: Atmospheric 

Temperature: 15.3 to 22°C (59 to 72°F) 
Time: 48 hr 
Restrifs; The material itself was unaffected; however, 

there was a greater-than-normal decomposition 
of the hydrazine. The material is not recom¬ 
mended by M. W. Kellogg Company. 

Material tested: Graphitar 2 
Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered suitable in contact 

with hydrazine by North American Aviation, 

Inc. 

Material tested: Graphitar 50 

Sdtirec of data: Ref. 18 
Test conditions: None given 
Results: The material is considered suitable in contact 

with hydrazine by North American Aviation, 

Inc. 

5, Pipe-fofnf compounds. North American Aviation, 

Inc., rates all three of the compounds listed below as 
being acceptable for hydrazine service. However, no 

CONFIDENTIAL 

detailed experimental data are given regarding test con¬ 

ditions, etc. 

Experimental Data 

Material tested: AN-C-53 thread compound (Socony- 
Vacuum and others) 

Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered suitable for hydra¬ 

zine service. 

Material tested: Oxyseal (Parker Appliance) 
Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered suitable for hydra¬ 

zine service. 

Material tested: Threud-Tite (Armite Laboiatovms) 

Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered suitable for hydra¬ 

zine service. 

6. Rags. Liquid hydrazine, when in contact with an 
organic material such as wiping rags, may smoulder and 
burst into flame. Rags should not be used to pick up 
spillage (Ref. 2). 

7. Stffcone lubricantt. The sllieo.ie lubricants listed 
below are apparently suitable foi moderate contact with 
hydrazine. Additional data should be obtained before any 
long-term applications are considered. 

Experimental Data 

Material tested: Silicone lubricant DC-710 
Source of data: Ref. 3 
Number of samples tested: 1 
Propellant: Hydrazine hydrate 
Pressure: Atmospheric 
Temperature: 19 to 25°C (06 to 77DF) 

Time: 67.5 hr 
Results: A slight scum had appeared on the surface of 

the hydrazine at the end of the test. The sili¬ 
cone was slightly decomposed. 
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Pressure: Atmospheric 

Temperature: 20 to 25°C (68 to 77°F) 
Time: 211 and 211.5 hr 

The penetration/year is negligible. 

Material tested: Silicone lubricant DC-710 
Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered by North American 

Aviation, Inc., to be suitable in contact with 
hydrazine. It will be thermally stable at tem¬ 

peratures up to 500°F. 

Materials tested: Silicone lubricants, DC-200 series 
Source of data: Ref. 18 
Test conditions: None given 
Results: The lubricants are considered by North Amer¬ 

ican Aviation, Inc., to be suitable in contact 
with hydrazine. 

Material tested: Silicone lubricant DC-550 

Source of data: Ref. 18 
Test conditions: None given 
Results: The material is considered by North American 

Aviation, Inc., to be suitable in contact with 

hydrazine. 

Material tested: Silicone plug-cock grease (Dow- 

Coming) 

Source of data: Ref. J8 
Test conditions: None given 
Results; The material is considered by North American 

Aviation, 3nc., to be suitable In contact with 

hydrazine. 

8. Solder (lead-Un). The experimental data available 

indicate that, from a corrosion standpoint, lead-tin solder 
would be acceptable In contact with hydrazine at ambient 
conditions for at least a week. However, in view of the 
poor behavior exhibited by metallic lead, as Well as the 
fact that oxides of tin reduce the ignition temperature of 
hydrazine, it is believed that the material should be 
avoided. Silver solder would appear to be a better choice 

where soldering is required. 

Experiiiiental Data 

Material tested: Solder (90S Pb, 10* Sn) 

Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Rolled sheet 
Propellant: Anhydrous hydrazine (93.23*) 
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Material tested: Solder (90% Pb, 10% Sn) 

Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Rolled sheet 
Propellant: Vapor over anhydrous hydrazine (92.23%) 

Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Time: 211 and 211.5 hr 
Residís: The penetration/year is negligible. 

Material tested: Solder (90% Pb, 10% Sn) 
Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Rolled sheet 
Propellant: Hydrazine hydrate (06.56%) 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Time: 143 and 210 “\r 
Result«; No corrosion or change in the weight of the 

samples was observed. 

Material tested: Lead-tin solder 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous Jraz^ne (95.5%) 
Pressure; Closed system, Initially atmospheric 

Temperature: 26°C (80°F) 

Time: 30 days 
'lesutto Approximately 3.75% hydra- 'R decomposition 

was noted (the blank run in glass showed 1.5* 

decomposition). 

Material tested: Lead-tin solder 

Source of data: Ref. 6 
Number of samples tested: 1 or 2 

Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 

Pressure; Closed system, initially atmospheric 
Température: 00°C (140°F) 

Time; 30 days 
Results; Approximately 3* hydrazine decomposition was 
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observed (about 1% less than the decomposition 
appearing in the blank run in glass). 

9. Solder (silver). Silver solder appears to bo accept¬ 
able, at least for short-term or intermittent contact with 
anhydrous hydrazine and hydrazine hydrate. Experience 
at this Laboratory indicates equal acceptability with 

hydrazine nitrate mixtures. 

For longer-term applications, additional tests, as well 
as periodic inspections, should be made because of the 
possibility of leaching-out the zinc. 

Experimental Data 

Material tested: Easy Flo silver solder (50¾ Ag, 15.5¾ Cu, 
10.5* Zn, 18* Cd) 

Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: X-in. rod 
Propellant: Anhydrous hydrazine (93.23¾) 
Pressure: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 
Time: 165 to 190 hr 
Results: No corrosion was evident, and the penetration/ 

year was negligible. 

Material tested: Easy Flo silver solder 

Source of data: Ref. 3 
Number of samples tested: 2 
Shape of samples: Jí-in. rod 
Propellant: Vapor over anhydrous hydrazine (93.23%) 

k Pressure: Atmospheric 
Temjicraturc: 20 to 25°C (68 to 77°F) 

Time: 211 and 211.5 hr 
% Results: No corrosion and no penetration/year were 

observed. 

Material tested: Easy Flo silver solder 

Source of dtita: Ref. 3 
Number of «mplcí tested: 2 
Shape of samples: K-in. rod 
Propellant: Hydrazine hydrate (66.56%) 

Presstire: Atmospheric 
Temperature: 20 to 25°C (68 to 77°F) 

Tima 141.5 and 142 hr 

confidential 

Results: No corrosion, penetration/year, or change in 
the weiyht of the samples was noted. 

Material tested: fctsy Flo silver solder 
Source of data: Ref. 3 
Number of satnplcs tested: 2 
Shape of samples: rod 
Propellant: Anhydrous hydrazine (96.06%) 
Pressure: Atmospheric 
Temperature: 110 to 125°C (230 to 257°F) 

Time: 50 hr 
Results: No corrosion or change in weight was noted for 

either sample. 

Material tested: Silver solder 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (95.5%) 
Pressure: Closed system, initially atmospheric 
Temperature: 26°C (80°F) 

Time: 30 days 
Rejufto; Approximately 3% hydrazine decomposition was 

observed (about twice that noted with the 

blank run in glass). 

Material tested: Silver solder 
Source of data: Ref. 6 
Number of samples tested: 1 or 2 
Shape of samples: Strip 
Propellant: Anhydrous hydrazine (05.5%) 
Pressure: Closed system, ini’ ¡idly atmospheric 
Temperature: 0O°C (Í40°F) 
Time: 30 days 
Results: Approximately 9% hydrazine decomposition was 

observed (about twice as much as that for the 

blank rurt in glass). 

10, Varnish. North American Aviation, Inc., indicates 
at least short-tenh protection with Varnishes utilizing sili¬ 
cone resins of the DC-800 series. 

Material tested: Vartish (formulated with DC-800-series 

silicone resins) 
Source of data: Ref. 18 
Test conditions: None given 
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Results: Tliis material will provide adequate splash 11. Wool Liquid hydrazine in contact with an organic 
protection and will withstand immersion for material such as ’«ool may start to bum spontaneously, 
short periods. Wool should never b* used near hydrazine (Ref. 2). 
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