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FOREWORD

This is the third and final report prepared for the Air Force Flight Test Center by the Bell
Aeivsystems Company under Contract AF04(511)-6079, '"Storable Propellant Data for the Titan II
Program,” Project 6753 and Task 30282, Mr. C.F. Emde (FTRLP) of AFFTC was Program
Manager and Mr. Glen W. Howell of the Space Technology Laboratories, Los Angeles, California,
was Coordinator. Mr. Ralph R, Liberto, Project Engineer of Beil Aerosystems, directed the
study effort. Rescarch under this contract started on 15 June 1960 and ended on 15 April 1961.
Results of the effort are reported in this handbook. At a later date, a revision to this handbook
will be prepared as part of the task under Contract AF04(647)-8486.

Harold W, Stafford
Technical Editor
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ABSTRACT

Summarized are the physical properties, materials compatibility, handlirg techniques, flam-
mability and explosivity, and procedures for storing, cleaning, and flushing of the Titan Il propellants,
N2°~\ as the oxidizer and a nominal 50/50 bierd of UDMH and Nzﬂ 438 the fuei. The data presented
was aovived both from a literature survey and from a test progran conducted at Bell Aerosystems

Company and at the U.S. Bureau of Mines.
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AFBMD
AFFTC

ARDC

ADL

JPL

STL
AEROZINE-50

50/50 FUEL BLEND
NOy

NgHy

N204

RFNA
UDMH

M.AC.
MPY

ppm
RASCAL

SIT

Metal and alloy designations used in this handbook, such as type 30488, are those established

SYMBOLS/ABBREVIATIONS USED IN THE TEXT

Air Force Ballistic Missile Division

Air Force Flight Test Center

Air Research and Development Command
Arthur D. Little, Inc.

Jdet Propulsion Laboratory

Space Technology Laboratories, Inc.

Trade name adopted by Aerojet-General (Nominal 50/50 blend by
weight of UDMH and N2H 4)

Nominal 50/50 blend by weight of UDMH and ** H "
Nitrogen Dioxide
Hydrazine, Specification Grade MIL-P-26536A (USAF)

Nitrogen Tetroxide, Specification Grade MIL-P-28539 (USAF), an
Equilibrium Mixture of NO2 and N2O4

Red Fuming Nitric Acid

Unsymmetrical Dimethylhydrazine, Specification Grade
MIL-D-25664B(ASG)

Maximum Allowable Concentration
Mils per Year
Parts per Million by Volume

Components of the LR-67-BA-9 rocket engine produced by Bell
Acrosystems for the GAM-63A (RASCAL) Missile

Spontaneous Ignition Temperature(s)

by the cognizant agencies and used in the trade.
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SECTION 1.0
INTRODUCTION

SECTION 1.0

INTRODUCTION

A storable propellant combination of Nzo 4 28 the oxidizer, and a nominal 50/50 blend of UDMH
and N2H 4 s the fuel, has been selected for the Titan II ballistic missile. Tkese nropellants were
studied by Bell Aerosystems Company and the resultant data on physical properties, materials com-
patibility, handling, safety, and flammability and explosivity is published in this handbooi'. The in-
formation was compiled from industry and government data and from trade literature. Laboratory

tests were conducted tc augment available data and to help in analyzing information.

AFFTC TR-61-32 1-1
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SECTION 20
50/50 FUEL BLEND

SECTION 2.0

PHYSICAL PROPERTIES OF 50/50 FUEL BLEND

The tuel blend, comprising a 50/50 mixture of UDMH and N2H nm is a clear, colorless, hygro-
scopic (capable of absorbing moiature readily) liquid having a characteristic ammoniacal odor.
When the blend is exposed to air, a distinct fishy odor is &vident in addition to the ammonia odor;
this is probably caused by the air oxidation of UDMH.

The UDMH and N2H 4
tendency for each to dissolve in the other. However, because of their different densities, they are

are miscible in all proportions. When combined, there is an immediate

easily layered; UDMH above the N2H ¢ especlally when UDMH is poured into a vessel containing
NZH 4 Under these conditions, a distinct interface may form (Reference 1).

In the pages that follow, additional physical property data is presented for this fuel blend.
The information wag obtained from the literature or from laboratory teste conducted at Bell
Aerosystems. Table 2.1 summarizes pertinent physical properties of the fuel blend.

The boiling point of the fuel blend listed in Table 2.1 is interpolated from the measured vapor
pressure data plotted in Figure 2.4. At the boiling point, the concentration of UDMH in the vapor
phase is approximately §2% by weight. At 77°F, the ccacentration of UDMH in the vapor phase is
approximately 95% by weight (Reference 1). During distillation of this blend, a wide temperature
range is noted between the point at which 10% by volume is distilled and the 90% by volume is dis-
tilled. This temperature difference is 80°F (Table 2.6). This blend is not a constant boiling
mixture.

AFFTC TR-61-32
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TABLE 2.1

SECTION 2.0
50/50 FUEL BLEND

PHYSICAL PROPERTIES OF THE 50/50 FUEL BLEND

Structural Formula of the Fuel

Molecular Weight (ave)
Melting Point 2
Boiling Point?
Physical State

Density of Liquid at T7°F 2
Viscosity of Liquid at 77°F 2
Vapor Pressure at 77°F b
Critical Temperature (calc)

Critical Pressure {calc)

Heat of Vaporization (calc)
Heat of Formation at 77°F (calc)
Specific Heat at 77°F {calc)

Thermal Conductivity at 77°F (calc)

N2H4'

45.0
18.8°F
158.2°F

UDRE
CHy_ "

Colorless Liquid

56.1 Ib/ft3

54.9 x 10-5 Ib/ft-sec

2.75 psia

€34°F

1696 psia

425.8 BTU/Ib

527.6 BTU/1b

0.694 BTU/1b-°F
0.151 BTU/tt-hr-°F

a - Measured on samples of the fuei blend of typical composition
(51.0% NzH4, 48.2% UDMH, and 0.5% Hz0).

b - Fuel blend composition 51.0% NgHg, 48.4% UDMH, and 0.6% H20.

(Reference 1)

AFFTC TR-01-32



.o

SECTICN 2.0
50/50 FUEL BLEND

21 TFUEL BLEND SPLCIFICATION

A tentative specification, MIL-P-27402(USAF), is available for the 50/50 fuel blend. This
specification containg a method for performing analyses to {ulfill the chemical requirements given
in Table 2.2. This method is the salicylaldehyde method which is based upon a differential titration

and determines UDMH directly and N H, indirectly. Water contert and other soiuble impurities are

274

calculated by differeace.

TABLE 2.2

PROPELLANT SPECIFICATION — 50/50 FUE!. BLEND

Chemical Requirements Specification
(wt %,
UDMH 47.0 (min)
NoH4 51.0 +0.8
Total NgH4 and UDMH 98.2 (min)
Hg0 and Other Soluble Impurities 1.8 (max)

AFFTC TR-61-32 2-3
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SECTION 2.0
50/50 FUEL BLEND

2.2 MELTING POINT

Figure 2.1 contains melting point data for various mixtures i UDMH and Nzﬂ 4 obtainea
from JPL, Aerojet-General Corporation, and Bell Aerosystems Company. The Bell and Aero-
jet data for the fuel blend composition agree. The melting point of the fuel blend, as estimated
by Aerojet, can range from about 17¢ to 21°F, thereby meeting the composition requirements of

the procurement spe~ification (see Table 2.2).

40 7 ] i [l il ]l
e i AN N X L 1 T EE
s Lt B ] T
=l Bl . =il
ap b S
' L I . = __F__
s | =14 ] + | ARE b =|
= o 1 1 I
e
-20 . E
MELTING POINT ~ h
°F x
=40 -
1 u
i | 1
-80 o JPL -
&4 AERJET-GENERAL u
O BELL AEROSYSTEMS [ !
¥ B
- 1
o 1] - i i 1
o 20 40 a0 B0 100

UDMH in NgHg — wt %

Figure 2.1. Melting Point vs Percent Weight of UDMH in NgH4
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2.3 DENSITY

SECTION 2.0
50/50 FUEL BLEND

jgures 2.2 and 2.3 present density and specific gravity data for the fuel blend as reported

by Aerojet-General Corporation (Reference 1).

DENSITY — lb/cu ft

SSETT LTTH

IS

EE

-
-
]

a0 40 60 80 100

TEMPERATURE — °F

(Reference 1)

Figure 2.2. Density of 50/50 Fuel Blend
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SPECIFIC GRAVITY
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SECTIGH 2.0
50/50 FUEL. BLEND
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Figure 2.3. Specific Gravity of 50/50 Fuel Blend
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SECTION 2.0
50/50 FUEL BLEND

2.4 VAPOR PRESSURE

This fuel ir a mixture of UDMH and N2H & with UDMH possessing the higher vapor pressure,
The vapor pressure of a liquid mixture depends upou iie composition of the mixture and is the
sum of the pariial pressures of each gas at a constant te mperature. However, as one of the more-
volatile comporcnts vaporizes from a liquid mixture (in this case UDMH) into a large volume
space (ullage) above it, the vapor pressure of the resulting liguid mixture decreases. Inversely,
as the volume space above the liquid mixture decreases, the vapor pressure of the liquid in-
creases. A preliminary experiment was conducted at Rell to determine the effect this would have
when the vapor pressure of the fuel hiend was measured at different ullages employing an all-glass
evacuated systemn and an isoteniscope. At 80°F, the vapor pressure at 20% ullage was 3.7 psia, at
50% ullage 3.3 psia, and at 75% ullage 2.3 psia. Although the fuel blend used was slightly out of

specification, the effect of ullage was demonstrated.

Table 2.3 and Figure 2.4 contain the vapor pressure of the 50/50 “uel blend at various tem-
peratures and at 46% ullage. The Bell experimental points were obtained with ti:e apparatus shown
and described in Reference 2.

TABLE 2.3

VAPOR PRESSURE OF 50/50 FUEL BLEND AT 46% ULLAGE

Temperature Vapor Pressure
(°F) (psia)
14.02 0.55
23.02 0.71
32.02 0.92
68.0 2 2,09
77.02 2,75
85.3 P 3.08
86,02 3.42
104.0 2 5.00
1089 b 5.20
122.0 2 7.30
135.3 b 9.29
140.0 2 10.50
i59.8 2 18.10

a - Aerojet-General Corporation experimental data {Reference 1).
b - Bell Aerosystems Companyexperimenta'! data (Reference 2).

AFFTC TR-61-32 2.7



PRESSURE — psia

SECTION 2.0

50/50 FUEL BLEND
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AFFTC TR-01-32 2.8



et S RN 3K

-t

[,

SECTION 2.0
50/50 FUEL BLEND

2.5 VISCOSTY

The viscosily of the 50/50 fuel blend was measured by Aerojet-General Corporation over the
liquid range (Reference 1). Figure 2.5 is a plot of viscosity in centistokes versus temperature of
the fuel blend.

VISCOSITY = centistoke

.00 I R TTEIT T 1
1] T AP e S 1
EEEE A i I 1] ] &
- = 4 - 15 I __. - T u -
H H H T 1t &
{ ] a LEE = EHEEESN J. -
o X 2 I TiH +
- ! L]
1.50 F R Hr -
. I‘ -l
=HARE RRgd AuEnE -
44 i |} IS S 4_
5 -
||
.04 =
1 1
I
|4-1 | ‘ -
s ]
-
‘E-..‘_'
0.50 nw
FissaE
i -
p R ' :
0 20 40 60 30 100 120 140 160

TEMPERATURE - °F
(Reference 1)

Figure 2.5. Viscosity of 50/50 Fuei Blend
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SECTION 2.0
50/50 FUEL BLEND

2.6 HEAT CAPACITY

Heat capacity data of the 50,'50 fuel biend, as calculated by Aerojet-General Corporation, is
presented in Table 2.4 and plotted :n Figure 2.6. Dell measured the heat capacity of the fuel blend
at two temperatures using the method of inixtures described in Reference 2. The Bell experimental
data agrees within 0.5% of the Aerojet calculated data.

TABLE 2.4

HEAT CAPACITY OF 50/50 FUEL BLEND
(Calculated by Aerojet-General)

Temperature Heat Capacity
_ P _ (BTU/1b-"F)
21 0.68°
35 0.684
63 0.692
81 0.696
99 0.702
135 0.709
153 0.715
250 0.743
350 0.780
420 0.814

AFFTC TR-61-32 2-10
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2.7 FLASH AND FIRE POINTS

Flash and fire point measurcments made with a modified Cleveland Open-Cup Tester (Ref-
erence 2) resulted in the data presented in Table 2.5 and plotted in Figure 2.7. The tests indicate
that the fuel blend must be diluted with at least an equal volume oi water before the fire hazard is
reduced appreciably. A dilution of three volumes of water to two volumes of fuel blend i3 required

iv increase the flash and fire point temperature to 160°F,

TABLE 2.5

FLASH AND FIRE POINTS OF 50/50 FUEL BLEND
WITH VARIOUS WATER DILUTIONS

(Using a Modified Cleveland Open-Cup Tester)

Hy0 in Fuel Blend Flash Point Fire .-oint
(vol %) _CRn _CP_

Undiluted 38 38

10 40 40

29 35 35

50 110 125

60 160 160

65 180 200

5 > 212 > 212

AFFTC TR-61-32 2-12
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Figure 2.7. Flash and Fire Points of 50/50 Fuel Blend with Various Water Dilutions
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2.8 DISTILLATION RANGE

Tho distillation range of the 56/50 fuel blend, together with analyses ~f various fractions, is
shown in Table 2.6, When the fuel blend is heated, the initial condensed vapors are richer in the
more-velatile UDMH; as the distillation process continues with increasing temperature, the con-

densed distillate becomes richer in the less~volatile N2H ¢

TABLE 2.6

DISTILLATION RANGE OF THE 50/50 FUEL BLEND

Blend Composition by Weight %

UDMH 48.7
N2oH4 50.4
H20 + impurities 0.8
Temperature Volume % Distillate
(°F) (Distilled) Analyses
149.0 First Drop Distilied -
158.0 10 86.0% UDMH, 8.0% NgH4
161.6 20 85.0% UDMH, 9.0% NaH4
167.0 30 -
170.6 40 -
194.0 50 79.0% UDMH, 18.0% NaHg4
233.6 6V -
235.4 70 -
235.4 80 100% NoH4
239.0 90 95% NoH4

NOTE: Fuel fractions were analyzed spectrally employing calibration
curves covering the UDMH and NaH4 concentration range of 45%
to 55% by weight. The analytical results, obtained by extrap-
olating the culibratior curves, aic approximate, N_H  at the
90% fraction protably contains hydrazine hydrate. a4

(Reference 2)

AFFTC TR-61-32 2-14
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2.9 SOLUBILITY OF PRESSURIZING GASES

SECTION 2.0
50/50 FUEL BLEND

The solubility of nitrogen, helium, and ammonia in the 50/50 fuel blend was determined using

the apparatus shown in Reference 2 aud the procedure described in Reference 3. Resuiis of liwse

tests are shown in Table 2.7.

TABLE 2.7

SOLUBILITY OF VARIOUS GASES IN 50/50 FUEL BLEND

Pressurizing ‘femperature Solubility Final Gas Pressure
Gas (°F) {wt %) (psia)
Nitregen 70.0 <0.01 86.0
32.0 <0.01 79.4
Helium 71.5 0.012 + 0,008 63.6
33.0 < 0,008 #0.7
Ammonia 57.5 0.26 10.01 38.0
70.0 0.25 :0.01 44.4

2.10 SHOCK SENSITIVITY

To determinc the shock sensitivity of the 50/50 fuel blend, tests were conducted at room tem-

perature using a drop-weight tester and a procedure developed by Olin Mathieson Chemical Corpor-

ation. The procedure is acceptable to the Joint Army-Navy-Air Force Panel on Liquid Propellant
Test Methods. Results of these tests show that the liquid fuel blend is not shock sensitive at the
highest impact value (8 foot-pounds) produced by the tester (Reference 2).

AFFTC TR-61-32
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NzO‘

SECTION 3.0

PHYSICAL PROPERTIES OF N20 4

The compound Nzo 4 is an equilibrium mixture of nitrogen tetroxide and nitrogen dioxide
(N0 4: 2N02). At 68°F and at a pressure of one atmosphere, the liquid consists of 84.2% Nzo A

in equilibrium with 15.8% N()2 as shown in ‘'Table 3.1 and Figure 3.1,

In the solid state, Nzo 4 i3 colorless; in the liquid state, the equilibrium mixture is yellow to
red-brown; aud in the gaseous state, it is red-brown. The fumes exhibit 2 characteristic pungent

and irritating odor.

The oxidizer, N20 & reacts with water forming nitric acid and nitrous acid. The nitrous acid
undergoes decomposition immediately forming additional nitric acid and evolving nitric oxide
(Reference 30). This strong oxidizer is hypergolic with fuels such as UDMH, Nzl-l‘, and aniline.

"hig gection of the handbook contains physical property data for Nzo e The information
was obtained from a literature survey. Table 8.2 summarizes the pertinent physical properties
of N204.

TABLE 3.1

EQUILIBRIUM VALUES ~ PERCENT DISSOCIATION OF NO4

NaO4 =T 2NO3
Temperature Pressure
(CF) (psia)
1.4 14.7 20.4
88 19.5 15.8 7.2
104 38.7 31.0 15.1
140 66.0 50.4 28.2
176 85.0 73.8 46.7
212 93.7 88.0 66.5

(Reference 5)

AFFTC TR-61-32 3-1
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Empirical Formula
Structural Formula

Molecular Weight
Physical State
Mzlting Doint

Boiling Point

TABLE 2.2

PHYSICAL PROPERTIES OF NaOy

Heat Formation at T7°F (Liquid)
Vapor Pressure at 17°F

Viscosity at T1°F

Density at T7°F

Heat Capacity at 70°F
Critical Temperature

Critical Pressure

Thermal Conductivity at 40°F

and 200 psia
Heat Vaporization
Heat of "usion

AFFTC TR-61-32

[

N9O4 == 2NOz

0\ /0
4N'N§
0 0
92.016

Red-brown liquid
11.84°F

70.07°F

-87.62 BTU/1b
17.7 psia

0.0002796 1b/ft-sec
0.410 centipoise

80.34 1b/t3

0.370 BT'G/io-°F
316.8°F

1469 psia

0.0812 BTU/ft-hr-°F

178 BTU/Ib
68.4 BTU/Ib
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N204

31 N204 SPECIFICATION

The chemical requirements for procuring Nzo 4 vere taken irow. Specification MIL-P-26539
(USAF) dated 18 July 1960. These requirements are presented in Table 3.3. The specification
contains procedures for performing propellant analysis. The Nzo4 assay is determined directly
hy titration. The water content is determined directly by evaporating N20 4 and weighing the nitric
acid remaining. The water equivalent in this acidic non-volatile inatter is based upon the assump-
tion that it is 70% nitric acid, Nitrosyl chloride (NOCI) content is determined by colorimetric
means. The non-volatile ash is determined by evaporating Nzo 4 to dryness and igniting the
residue at high temperatures. The percentage of non-volatile ash is calculated from the ash that
remains.

TABLE 3.3
PROPELLANT SPECIFICATION — NoO4

Chemical Requirements Specification
_m %)

NgO4 Assay 99.5 (min)
H20 Equivalent 0.1 (max)
Chioride aa NOCI 0.06 (max)
Non-Volatile Ash 0.01 (max)

AFFTC TR-61-32 3-4
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3.2 VAPOR PRESSURE

SECTION 3.0
No0y

Vapor pressure data, as a function of temperature, is presented in Table 3.4 and plotted in

Figure 3.2.

Temperature
I 5 N
11.8
14
32
50
68
70
80
90
100
110
120
130
140
150
160
170

TABLE 3.4

VAPOR PRESSURE OF N204

Vapor
Pressure
(psia)

2.0
2.90
5.08
8.56
13.92
14,78
18.98
24,21
30.69
38.62
48.24
59.98
74.12
91.06
111,24
i35.14

Temperature
__n___

180

190

200

210

220

230

240

250

260

270

280

280

300

310

316.8b

Vapor
Pressure
{psia)

163.29

196.35

235.01

281,56

332.8

393.2

463.3

543.9

636.3

732,68

864.1
1000.5
1160.1
1336.52
1460.02

a - Value extrapolated.
b - Critical pressure estimated from measured critical temperature.

(References 1 and 5)
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PRESSURE — psia
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3.3 DENSITY

Table 3.5 and Figures 3.3 and 3.4 contain density and specific gravity values as a function of

temperature for Nzo 4

TABLE 3.5

DENSITY OF LIQUID N204
(Under its Own Vapor Pressure)

Temperature Specific Density

(°F) Gravity (1b/1t3) (Ib/gal)

11.8 1.315 94.54 12.62

- 32.0 1.470 93.05 12.44
l 50.0 1.4100 91.77 12.27
68.0 1.447 90.34 12.08

! 7.0 1.431 89.34 11.94
95.0 1.412 88.15 11.76

I 104.0 1.400 87.40 11.66
118.0 1.388 86.61 11.56

1 118.4 1.379 86.08 11.49
' 122.0 1.815 85.80 11.46
120.2 1.363 85.08 11.38

(References 1 and §)
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N204
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SPECIFIC GRAVITY
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3.4 VISCOSITY

The viscosity of Nzo 4 in the liquid phace from 40° to 480°F is pr2sented ir Table 3.6 and

SECTION 3.0

N204

plotted in Figures 3.5 and 3.6. Figuve 3.5 shows the effect of temperature on the viscosity of

Nzo & Figure 3.6 shows the effect of pressure on viscosity of Nzo e

Pressure (psia)
Bubble Point

200

400

600

800
1000
1250
1500
1750
2000
2200
2500
2750
3000
3500
4000
4500
5000

(Reference 5)

40

0.4990
0.5021
0.5055
0.5090
0.5121
0.5150
0.5190
0.5230
0.5270
0.5310
0.5345
0.5382
0.5422
0.5405

AFFTC TR-61-32

TABLE 3.6

VISCOSITY OF N3O4 IN THE LIQUID PHASE

70

14.8

0.4132
0.4155
0.4180
0.4208
0.4232
0.4260
0.4207
0.4330
0.4366
0.4400
0.4433
0,4470
0.4502
0.453%
0.4593
0.465%
0.4714
0.4782

100

30.7

0.3420
0.3441
0.3470
0.3495
0.3520
0.3544
0.3566
0.3587
0.3608
0.3628
0.3649
0.3670
0.3681
0.3713
0.3783
0.3792
0.3830
0.3869

Temperature (°F)

130

160

180

Bubble Pressure (psia)

60.0

111.2

196.4

Viscosity (centipoise)

0.2784
0.2800
0.2820
0.2840
0.2861
0.2880
0.2906
0.2919
0.2949
0.3965
0.2990
0.3010
0.3024
0.3042
0.2070
0.3085
0.3118
0.3145

0.2235
0.2250
0.2281
0.2310
0.2334
0.2355
0.2380
0.2400
0.2420
0.2440
0.2459
0.2480
0.24086
0.2510
0.2540
0.2568
0.3600
0.2625

3-10

0.1752
0.1753
0.1804
0.1850
0.1896
0.1939
0.1375
0.2010
0.2040
0.2083
0.2060
0.2008
0.2110
0.2127
0.2151
0.2183
0.2200
0.2229

220

332.8

0.1325

0.1350
0.1420
0.1482
0.1539
0.1599
0.1646
0.1686
0.1720
0.1742
0.1764
0.1785
0.1800
0.1822
0.1850
0.1880
0.1900

250

543.9

0.0924

0.0948
0.1028
0.1100
0.1179
0.1252
0.1319
0.1370
0.1400
0.1430
0.1444
0.1470
0.1510
0.1532
0.1555
0.1579

280

864.1

0.0570

0.0630
0.0713
0.0798
0.0881
0.0040
0.0890
0.1045
0.1080
0.1120
0.1170
0.12i0
0.1249
0.1280
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3.5 HEAT CAPACITY

SECTION 3.0
Na0y

Table 3.7 contains experimental heat capaclity data for NZO & Figure 3.7 {5 a plot of these

points, as well as calculated points obtained by T.F. Morey (Reference 9).

AFFTC TR-61-32

TABLE 3.7

HEAT CAPACITY OF LIQUID N204

Temperature
20.5
27,0
36.1
48,8
56.8
64.8

(Reference 8)

-3

-

Heat Capacity

(BTU/1b-°F)
0.3564
0.3578
0.3508
0.3624
0.3652
0.36867
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NZO‘
3.6 SOLUBILITY OF PRESSURIZING GASES

The sclubility of nitrogen and helium in Nzo 4 Va8 determined using the apparatus shown in
Reference 2 and the procedure described in Reference 3. Results of these tests are presented in

Table 3.8.

TABLE J.8

SOLUBILITY OF NITROGEN AND HELIUM
IN LIQULD N204

Pressurizing Temperature Solubility Final Gas Pressure
Gas CF___ (wt %) _ (psia)
Nitrogen 70 0.20 +0.01 63.7
32 0.14 +0.01 64.2
Helium 73 0.04 +0.01 54.3
32 0.02 £0.01 £5.4

(Reference 4)

AFFTC TR-61-32 3-1%
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SECTION 4.0

MATER7ALS COMPATIBILITY, 50/50 FUEL BLEND

4.1 EFFECTS OF FUEL BLEND O¥ METALS

As a result of laboratory tests interpreted on the basis of practical experience, the individ-
ual metals have been placed into four ratings simiiar tc those used by the Defense Metals Informa-
tion Center (Reference 17).

A: These metals are suitable for unrestricted use with the 50,/50 fuel blend.
Corrosion rates are less than 1 MPY. | Typical uses are storage containers
and valves where the propellant is in constaut contact.

B: These metals are for restricted uses with the 50/50 fuel blend, such as transient
or limited contact. The corrosion rates are a maximum of 5 MPY. Typical uses
are for valves and lines on aerospace ground equipment, for hardware that
contacts the propellant intermittently in the liquid and vapor phases, and for
pumps and feed lines in which the residence time is limited to loading and unloading.

P R

C: These metals have limited resistance and corrosion rates between 5 and 60
MPY. Typical use is where the motals are exposed to spillage and momentary
contact, such as test stand hardware and acrospace ground equipment. These
metals also have application where corrosion can be tolerated to tho extent that
; it will not affect functional operations.

D: These metals are not recommended for use because their corrosion rates exceed
50 MPY and ihey cause propellant decomposition.

Table 4.1 contains pertinent compatibility data, references, and ratings for some metals
and metal alloys exposed to the 50/50 fuel blend.

41,1 Aluminum Alloys

Aluminum alloys are protected from corrosion by naturally occurring oxide films on
i their surfaces. In certain alkali media like, 50/50 fuel blend, the aluminum alloy is highly resistant
to attack. Often, the presence of foreign substances in the medium, rather than the degree of alka-

AFFTC TR-61-32 4-1
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linity, is the controlling fuclor in the corrosion of aluminum alloys. The non-sparking tendencies

of these alloys are desirable when handling explosive and flammable liquids,

The mechanical properiics of the alumirum alloys are not affected by exposure to the
50/50 fuel biend (References 4, 10, and 11). There is no apparent corralation between the alloying

constituents of the aluminum alloys znd corrosion resistance in this fuel blend.

Welded 2014-T6 was given a "B" rating after exposure to fuel blend containing 3%
water. Except for this case, the other aluminum alloys show excellent resisiance to the 50/50 fuel
plend. Rather than weight loss, mosi of these alloys experience slight weight gains after fuel ex-
posure. Consideration is to be given to the proper cleaning and surface preparation of aluminum
alloys lu reinove any hetercgeneity on the surface resulting from fabrication techniques.

4.1,2 Stainless Steels

The fucl blend is a reducing agent and is siightly alkaline. From the standpoint «f
corrosion rate, the stainlcss steels are unaffected. Staining and minor deposits have been found in
the vapor phase of 304L, 321, 347, 17-7 PH, 410, and 440C stainless steels which had not been acid-
pickled prior to test (Reference 4). Acid-pickling remedies the deposit formation on the 300 series

less steel allovs which did not receive acid-pickling (Reference 4). Apparently, the existcnce of
molybdenum in these alloys affords protection from the formation of deposits.

In general, the use of molybdenum-bearing stainless steel alloys with NzH 4 Are
avoided; however, instances are cited in Reference 3 where Rocketdyne, Aerojet, JPL, and Beli
Aerosystems have nsed alloys of this type with Nzl-! 4 without adverse incident. Testing of these
stainless steel alloys with the fuel blend at 160°F for 80 days (Reference 4) resulted in an "A"
rating fcr each alloy. Type 316 stainless steel was given an A" rating when tested with th: fuel

blend containing up to 16% water.
4,1.3 Fcrrous Alloys

Under ordinary temperatures, both moisture and oxygen are necessary for the cor-
rosion of ferrous alloys in neutral or near-neutrsl media. Low concentrations of alkali have little
to no effect on the corrosion of these alloys. Care should be exercised when using ferrous alloys

because of the possible catalytic decomposition of the fuel blend due to rust.

Fuel blend spread on a rusted iron surface in contact with air may generate enough
heat to cause spontaneous ignition. Experiments at Aerojet show that the probability of such re-
actions is low at ordinary ambient temperatures. Drops of fuel blend on heavily rusted surfaces
in an air atmosphere at 150° to 160°F did not ignite (Reference 1).

AFFTC TR-61-32 4-2
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Rust oxidizes N2H 4 and may be a decornposition catalyst under certain conditions.
Aerojet rapidly added a laboratory quantity of N2H 4 to a few grams of ferric oxide at room tem-
perature without any evidence of gruss effects (Refereace 1), However, if iwo to three drops of
N2H 4 2re dropped onto a layer of ferric oxide spread on the bottom of a glass flask, ignitior cccurs
in air at room temperature (Reference 44). The Nzl-l 4-air interface in the latter case is relatively
large and the decuomposition due t0 oxidation by both air and ferric oxide is 80 rapid that the
N2H 4 quickly igrites. In a nitrogen blanket, ignition did not occur until the nitrogen was replaced
by air.

These experiments indicate that the surface area of the rust, the volume of liquid
Nzﬂ @ and the presence of air are jmportant factors in the rapid decomposition of Nzl-l e Vapors

of Nzﬂ 4 near 236°F are especially susceptible to explosive decomposition and metal oxides such

as rust undoubtedly contribute to this reaction.

41,4 Nirkel Alloys
In general, nickel and nickel alloys are corrosion resistant to the 50/5¢ fuel blend.
4,15 Titanium Alloys

Titanium alloys are resistant to 50/50 fuel blend corrosion, Titanium C120AV has been
tested with the 50/50 fuel blend containing as much as 16% water without adverse effects.

4,1.6 Magnesium Alloys

Magnesium alloys show poor resistance to the 50/%50 fuel tlond.
4.1.7 Cobalt Alloys

Haynes Stellite 25, a cobalt-chrome alloy, cxhibits good resistance to the fuel blend.
4.1.8 Copper Alloys

Berylco 25 darkens during exposure to the fuel blend, but exhibits good corrosion re-
sistance. In general, copper alloys are recommended only for limited use with the fuel blend

(Reference 15).
4,19 Platings

Gold-plated Berylco 25 darkens during exposure to the fuel blend, but exhibits good
corrosion resistance. iNon-porous chromium and nickel platings are satiafactory; electroless
nickel is unsatisfactory for fuel blend service. Cadmium and silver plutiﬁg are satisfactory for
use with the fuel blend.

AFFTC TR-01-32 4-3
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4.1.10 Conversion Coatings

Sulfuric acid anodize, Hardas (hardcoat) anodize, and iridite are the most resistant
conversion coatings used on aluminum alloys. A simple fluoride coating on 2014-T6 aluminum is

benefii:ial after exposure to the fuel blend (Reference 45).
4.1.11 Miscellaneous

Titanium carbide with & nickel binder is resistant to the fuel blend. Microseal 100-1
and 100-1CG graphite-ceramic type coatings on two magnesium alloys do not protect the alloys

from corrosion,

AFFTC TR-61-32 4-4
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TABLE 4.1

COMPATIBIL! 'Y OF METALS WITH 50/50 FUEL BLEND

MATERIAL TEMPERATURE STATIC EXPOSURE

LIQUID | VAPOR ‘| m'rmncn
7 /
DEGREES /
FAHRENHEIT /(> S f
"

S8/ $s
CYEA LI
[ ALUMINUM
ALLOYS
1100 55.60 §180 | A | 15
55-60 ] 90 | A | 15 % H,0
; 2014-T6
Sheet
Unwelded |55-60 M180 | A | 15180 | A | 15f180 [ A | 15
‘ 160 f 90| aA®| afoo| AP 4] s0 | A | 4| uptorenHs0, stain
at interface and
VIDOI'PM
welded  |565-60 [[180 | A | 15 {180 | A | 15 1% H,0 addod
55-60 136 | B | 15 % Hg0 added
160 14 | A 4 Staining in vapor
i Spotwelded |65-60 [[180 | D | 15 “D" rating because of
! cracks in heat
affected zone
21418 i ) .
Extrusion |160 90 | AP| 400 | A®)] ajf00 | A | 4

Unwelded 55-60 |/180 | A 18
: and

i stressed
: to 30,000
psi

' Welded 55-60 180 | A 18
| and

stressed
to 30,000
! pet

2024-T6 160 90 | A 419 | A 449 | A 4

{ a -- Definitions of ratings are given on page 4-1
3 b —Predicted rating from interface data.

ety
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TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/5G FUEL BLEND

MATERLAL TEMPEHATURE FTATIC DNPOSURE
LIQUID um MTERFACE
DEGREES s
FANRENHEIT
¢ ‘,5 ‘yf ¢ 445 ¢ 4& /
: 4‘* ¥, T A RS
ALUMINTM
ALLOTR
L]
A3ie-TH Bl RABOD | A b1 ]
Walded
i}
| Unwelded
J000-HI4 | 180 I v lal
BEIEE- I
Uroslded | L80D wo | a¥| a Al almolal o
| weises  [im0 | 2e | a I
siar  fis0 foe | A7| 4 Al wfe | & | 4 Up o 105 g0 dts-
ealoratins in both
| —
B4R HY M-8 180 | A il
sassann Jiea [ wo | A% 4 A alee lal 4
Urwelded [B8-00 || 80 | & | 18 g
iso 4 | A i
Stramead o |B5-80 || 90 | A 6 w0
30,000 pai
watded  |M-m0 fae | A | T8 'RE " Hg0
189 | A L
strossed o [0-80 [ 20 [ & | 1t I mee
| 0000 o | |
801 -TH , |
Chrwwlided | S8-80 1 | A/ ;li-. i ol
5 o fae | Al o«
| k
| TR | — i L=
u—Deunmonlotraunn are given on page 4-1. =) i) ] m”-
b — Predicted rating from interface data. - ; . e
AFFTC TR-61-32 46, R
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TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/50 FUEL BLEND

MATYE HIAL TEMPERATUME : STATIC EXFOSURE
gun | vAPGR HHTERFACE
CEGREER #
FANNFNAEIT ¥ i
g aﬁ‘;
& @5 é.ﬂi;
& 3
ALUMINUM
ALLOYR
TN
0ot -Td
tnwelded | 189 oo | A"l 4] oo | A% I.I 2| A -IIStamln!nterface.up
| to 16% Hz0
Walded 5080 | 100 A 18
NE-00 | 80 | A | 1B T Ryl
10 Wl Al 4
Ui mluu‘qnn"tlnaq
vorsre  |esems | se | A | 1] I
wo Qoo a®| «lse| &®| «f w0 | o | 4 ] muticolorationin
vapor phase
| dressetio [ns-00 | %0 | A | 18 2% H0
B0, ylald
e wo fBeo| a® af so| a®| afoe | a| «] vpwores Hgo,
staining in vapor
phase
si-80 fva | A | 18
Tema 80 140 g | a"| 4l se | A"| «f w0 | A | 4 ] Stainingin vapor
ATAINLES
FIEELA
ga T H.i.h llﬂl‘l“.ﬁ. 4 [ Stain in vapor
ol £8-80 {18 F 1%
196 IH A i
1aa W |8 # § Deposits in vapor,
up to 16% HZO0
Waldgd 180 14 A 4

& — Delinitions of ratings are given on page 4-1.
b — Predicted rating from interface data.
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TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/50 FUEL BLEND

MATERIAL | TEMPERATURE | STATIC EXPOSURE
LIQUID VAPOR INTERFACE
DEGREES
FAHRENHEIT /.©&
9‘?’ (3 i‘"@
/O
‘&.‘9 &/
S/ F REMARKS
STAINLESS
STEELS
CO
316 160 [ 90| A" 4l oo a® 4fs0 | A | ¢ staweinvapor,wp
to lvp HgO
3 160 %0 | B 4 ¥ Deposits in vapor
160 4] A 4 Stains in vapor
Welded 160 14| A]| ¢ Stains in vapor
56-60 iig0 | A | 18
347 160 %0 | B 4 ] Deposits in vapor
160 14 A] ¢
Welded 55-60 J100 | A | 150100 | A | 15100 | A | 18
160 14| A 4
pR15-7Mo 160 [ 90 | A®| «f s0| A®| «f 90| A | « ] statnin vapor; o
Cond. A deposits
17-4 PH 160 90 | A®| all 90| AP| 4l 90| A | 4} seaininvapor; mo
deposits
17-7 PH 160 90 | B | 4 ] Deposits in vapor
Cond. A
AM 355 100 f10o | aA| slis0| A®] «fiso | A | ¢« | seainin vapor; mo
Cond. H deposits
410H&T |[160 0B 4 § Deposits in vapor
Welded 160 14] B 4 Deposits in vapor
“0C 160 901!B 4 | Deposits in vapor

a ~— Definitions of ratings are given on page 4-1.
b — Predicted rating from interface data.
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TABLE 4.1 (CONT)

CCMPATIBILITY OF METALS WiTH 50/50 FUEL BLEND

e il . .s:.u.‘,ms._u:ﬂ,&ﬂgﬁ&m@ﬁli#h&bki;#axﬁf

ET]
N ”.
€
%
.m WV ﬁ : SE
m ﬁuv..u‘&. - - - - -
g &I. - <« = - <
m - £ B 8 £
ﬂ._-hu-v. .n... - W - -
5!. < % " "« ™ .. )
_ g g8 8§ E g m -
m ”.M.vfu-. = = = u...un u..a.-... u_..,.. - n.., mm
.!. LS T < T ) o = o ' e o4 a - .W.m
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TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/5¢ FUEL BLEND

MATERIAL TEMPERATURE _ STATIC EXPCSURE _ i
' LIQUID VAPOR INTERFACE
DEGREES
FAHRENHEI'T .fo /
9 » fo
s w % ‘45 &
&’ S/ &’ ) MARKS
COPPER
ALLOYS
Beryico3s 160 J 90| a®] a0 | aA®| 4f o0 | A | 4 ] Darkenea
PLATINGS
Cadmium [56-60 | - | € | 18
Chromium [55-60 | - | A | 15
(non-porouq$
Copper 500 | - | c | 18
Gold on _ b b
Berylco 28 | 160 90| A°| 490 | A°] 490 | A | 4 ]| Darkened
Nickel
Klectroly- | 55-60 - A 18
tic (non-
porous)
Electroless{85-60 | - | D | 18
Silver 85-60 - D 15
Tin s5-00 | - | D | 18
‘Zine 50 | - | D |18
COATINGS
ON ALUMI.
NUM ALLOYS
Iridite
2014-T6 |66-60 f180 | A | 18
Alodine
2014-T6 | 160 90 | B | 4] Lost weigit; stain at
interface; up to 10%
420
oo1-Te |160 J 90| aA®| «l oo | AP] a0 | A | 4] Catnedweight; wpto
10% 40
Hardas
(Hardeoat)
Anodise
2014-76¢ |56-60 J100 | A | 15
n-DmnmomctuMlm ven 4-1.
- Predicted rating from m.‘l{(uo

AFFTC TR-61-32 4-10
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50/50 FUEL BLEND

TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/50 FUEL BLEND

~ TSTATIC EXPOSURE

MATERIAL TEMPERATURE
LiQuiD ] VAPOR | INTERFACE 4
DEGREES
FAHRENHEIT > >
5 S S &
Q O /v INIL
$ INVEYL TR IS
/5 YL S/&
& &/ >/ &/ REMARKS
COATINGS
ON ALUMI-
NUM ALLOYS
(CONT)
Sulfuric
Acid
Anodizo b b
2014-T3 | 160 90 A 4% 90 A 41 %0 | A 4 § Lost weigldt; up to
16% Hgz0; no deposit;
some stain
eos1re 160 | 5! 4Pl af so| A®| 4f s0o | A | 4] Gainedweigtt; upto
16% Hz0; stain at
interface
Fluoride
2014-T6 | 70-80 9 A 495 A" rating based on
visual examination
NEOUS
Tianom (160 [ 90| AP af ool A®| alleo | A | 4
Carbida wit!
Nickel
Binder
Silver Solder| 55-60 1180 | A 18
Microseal 160 90| D 4 ] Coating porous
100-1 metal attacked
coating on
AM 100A
Magnesium
Microseal 160 $|{D 4 § Coating porous,
100-1CG metal attacked
Coating on
AZ N1C
Magnesium
a — Definitions of ratings are given on page 4-1,
b — Predicted rating from interface data.
4-11
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TABLE 4.1 (CONT)

COMPATIBILITY OF METALS WITH 50/50 FUEL BLEND

MATERAL TEMPERATUNR ETATIC EXPFOSURE

LGuD
PANRENMEST & &
o f o
& &+ o
& qr‘éﬁ#**ﬁ #‘dﬁé’
BILAZEL
AND
| B0 TR
B =T A1 | I8 I4 A L]

Rirawas] widh
TiE Filler

134 186 14 | A i
Haldurad
wiih Pure
Tin

HT dilver 180 14 | & i
Brpawd wilk
Eaay Fip
T -
381 Clasn 4
47 M Wi 180 4 | A 4
crobraaed
AR 47TH

{ectpii

mid-Taal [s5a0 oo | A [0 heo | & | 18
Bailted o
. |
Wi Al [siem (w0 | A |18
Balled b
BAL - 4V
T LRy

HI4-TO AL (180 A 4
Walted ta
EO81-TH A1

ElaL-TH Al (8880 f 30 (D | 18 "I rallng becasiss of

Tun solder darisned

Btain in yepor

a - Definitions of ratings are given on page 4-1.
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TABLE 4.1 (CONT)

4 50/50 FUEL BLEND

MATERIAL TEMPF A TUHHE

DEGHEES
FAMAENELIT .r,'.'-

$25%

i

“ETATIC EXPORURE

VAPOR INTRRTACE

28574

&

ETAL

i

BoAi-TA Al | 550D
Fpirwelded
| o 2014-TH

AFFTC TR-61-32

Hon-9, "D ratlng
tecauss of weld
I oracks
|
1
|
1

I
a — Definitions of ratings are given on page 4-1.
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4.2 EFFECTS OF FUEL BLEND ON NONMETALS

Government :3peciii(‘ationz.=.a on rubbers 2nd plastic fabricated parts intended for packings and
seals show that the physical property effects tv be minimized are volume change, durometer change,
effect on media, and visual examination in terms of surface appearance. The specifications contain
different values for volume change and durometer change. Using the ranges called for in the spec-

ifications, the following ratings were derived for the nonmetals:

A B C D
Volume Ch-;nge, % 0 to+25 -10 to +25 -10 to +25 <-10 or> +25
furometer Reading +3 +10 +10 <-10 or>+10
Change
Effect on Progellant None None Slight Change Severe
Visual Examination No Change No Change Slight Change I¥ -solved, severely

blistered or cracked
Definitions for these ratings are as follows:
A:  Satisfactory for service under conditions indicated.
B:  Use with knowledge that it will swell or shrink and/or change in hardness.

C:  Satisfactory for ground support where preventative maintenance can be scheduled,
Also good for actual missile service where slight discoloration of propellant and

extracted residue is tolerable,
D: Unsatisfactory for use,

Table 4.2 contains compatibility data, references, and ratings for several nonmetals ex-
posed to the 50/50 fucl blend.

The fuel blerd can dissolve, attack, or decompose nonmetals such as plastics, elastomers,
lubricants, and coatings. These reactions usually cause degradation or complete destruction of the
material. The fuel can extract compcnents from the material or be absorbed by the material,
thereby altering the physical properties. The nonmetals investigated embrace a wide variety of

a-Government Specifications:

MIL-R-2765A Rubber, Synthetic, Oil Resistant (Sheet, Sirip, and Molded Shapes).
MIL-R-3085E Rubber Fabricated Parts.
MIL-R-8791A Retainer Packing, Hydraulic and Pneumatic, Tetrafluorethylene.
HH-P-131C Packing, Metallic and Nonmetallic, Plastic.
HH-P-166A Packing, Nonmetallic.

AFFTC TR-61-32 4-14
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chemical and physical structures; as such, methods of fabrication and geometrical factors greatly

intluence the behavior of the material,

For example, many materials can be used as gaskets or seals where a definite compression
et limitation, and in all probability a volume change limitation, is required for sealing. The gasket
or seal can he enclosed between two metal surfaces with only a sinall portion exposed to the fuel.
The swelling characteristics of this type exposure are of less importance than the swelling obtained
irom complete immersion in the fuel where volume change is magnified. Tansile properties play
a small role in the application of a material as a gasket. For this reason, use of the nonmetals

must be weighed in terms of the physical properties desired.
4,2.1 Plastics
Teflon and Teflon products are chemically resistant to the 50/50 fuel blend.

Nylons 31, 63, and 101 vary in composition and are highly inert to most solvents;
however, their resistance to the 50/50 fuel blend is limited to 80 to 120 days at 70° to 80°F (Ref-
ereuces 1 and 15). At 160°F, the nylons failed within 30 days (Reference 4.

The polyethylenes have fair resistance to solvents and have a limited use temperature
range. In the 50/50 fuel blend, they are subject to stress cracking (Reference 1). The irradiated
polyethylene is the most resistant. Kel-F 300 shows cracking tendency (Reference 1) after 70 days
at 70° to 80°F and darkens and becomes brittle within 30 days at 160°F (Reference 4).

4,2.2 Elastomers

Butyl rubbers are characterized by good resistance to aging and superior properties
over natural rubbers. They are compounded to attain desirable properties. Most butyl rubbers
exhibit good resistance to the 50/50 fuel blend.

The fluorosilicones characterized by good heat resistance and fair resistance to
solvents show poor resistance to the fuel blend. This is also true of the fluororubbers.

4,2.3 Lubricants and Sealants

All lubricants except Microseal 100-1 digsolve or wash out to varying degrees when
exnoced to the 50/50 fuel blend. The UDMH Lube is the most satisfactory based upon service and
dynamic tests performed on an O-ring (Reference 4). Lox Safe, ANDOK-C, and §#58-M oil show
promise and could be considered for service. Reddy Lubes 100 and 200 and water glass/graphite
blend are satisfactory sealants with the fuel blend.

AFFTC TR-61-32 4-15
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4,2.4 Potting Compounds and Ceramics
Only Crystal M & CF, a potting compound, is satisfactory for limited use with the
fuel blend. Temporell, Sauervisen P-1 and 31, and Rockflux are ceramics satisfactory for ser-

vice with the fuel blead.

o

.2.3  Adhesives

Armstrong A-6 and HT 424 are adhesives reported satisfactory for service with the
fuel blend.

4.2.6 Paints

Tests to date indicate that no paints arc compatible with the fuel blend.

AFFTC TR-61-32 4-16
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COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

MATERIAL TEMpEmATURE | STATIC
VAPOR
DEOREES
FARRERMEIT J F
< f &
¢ /8
(L) 7 REMARKS
Polytetra-
fluorethyl-
one I
Teflon (TFE|55-60 Im Al IS in 3% g0
Tm-B0 138 | A i
18 n| B 4 4T
ioaw
Teflon Be-00 J1m | A | I8 Ay
filled with
‘l‘i'ﬁlﬂ“
Teflon G660 JIBD | A | 19 s Bg0
filled with
molydisul-
fide
Teflon as-gn § 00 | A | BB M o
filled with
asbestos
Armalon [S8-86 § P2 ) C | 1N ™ , fanl
7700 im-
prognated
with Tefion
fibers
Armalon [84-00 J§ #0 [ A | 1B M ugd
7700B im-
pregnated
with Teflon
fibers
Fuorobes- |85-80 | B | & | 18 R e
tos filled
with asbes-
tos
TFE-folt |[#8-80 | 80 | © | 18 k] . haal
7580 l:ﬂid

s — Definitions of ratings are given on page 4-
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TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

MATERIAL TEMPERATURE STATIC EXPOSURE I
LIQUID | VAPOR
DEGREES
FAHRENHEIT /
C%
@ <]
$ & 4
S/ /S
PLASTICS
(CONT)
Fluorinated
Propylene
Co-polymer
Teflon (FiP)55-60 #180 | A 18 u;ma%n,o
70-80 60 | A 1
160 0|8 4 hrinks 15.0%
Polychioro-
trifluoro-
ethylene
Kel-F 300 [88-60 J100 | A | 18 Up to 3% HyO
Unplasti= lr0-00 | 70 | B | 1 Hardened, cracking
tendency
160 D 4 Blackened, bscame
fragile
Kei-F 86-60 [ 90| A | 18 1% HO
Annealed |
Polyethylene
mmm 85-680 0} A 11
Hi Density | 160 ! C 4 Shrinks 10.8%
Marlex80 |85-60 | 90 | B | 15 1% HgO, shrinks 3.3%
Hi Density
Polyolefin
White insu-| 160 0] A 4
Iation
Black insu~| 160 | C 4 Fuel discolored
lation
I
a — Definitions of ratings are given on page ¢-1
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COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

TAELE 4.2 (CONT)

SECTION 4.0

50/50 FUEL BLEND

MATERLAL TEHPERATURE l'l'aluﬂf.‘ EXPIURE
VAPOR
NEGREES /
FAHNREMHEIT
,ﬁ’& ) 453 I
é‘ REEMAREF
FLASTICE
CONT)
Futypropy <
imna
Frum g8 f o0 | & | io
Aartulan
EI:: 180 W | A L
agn
I
Products
Palyamido -
Mricm
Triwl 31 To-80 Jie0 | &
I 1865 T| D
Zpeitd (7080 | - [ D
Tjrtal 101 Bi-B0 Fimd | D
To=-8 130 | I
160 T|D
HE-80 I ¥ | D
na-80 jida | ©
s8-00 JIBG | ©
Epusy (cormq 5080 (1N | B

a — Definitions of ratings are given on page 4-
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TABLE 4.2 (CONT)
COMPATIBILITY OF NONMETALS WITH 50/560 FUEL BLEND

MATEILAL TEMFERATURE ETATIC DLPOSURE
LG VAR
DECHEFES
VANRENHEIT /% &
1"‘ -a?
4‘
4"? 0”’ ¥ REMAMKE
FLABTICS
(CONT)
Polyeninr | 5580 k] 5] i Delamrisitad
feomponi -
Han =
hndra)
Prdpringll-
dania
Chiaride
fwran ww | % | o |n
C
e iy
Dlrin -80 |0 | D | W |8t tnks 2%, 1nc
in hurdesas
Palpearben-
Al
laman ha-00 ¥ ol il Iﬂl-l'ﬂ
Prdyrinyl
Fluarids
Teslar §5-00 ] B i | Bhz-inds 4. 4%
Polymstini
Metharryl-
uin
Plamgiass |B8-00 | 08 | D | L8 Cracking and dis-
||| =
"OTYL
AUNAERS
r;rmlﬂ- To-Br § 142 | B 1 Bofmned X%
Preglabon [ N0 | 80| B 1 Bofrened LT,
EfuiEmr
BINT, BAEY

a — Definitions of ratings are given on page 4-14.
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TABLE 4.2 (CONT)

SECTION 40
50/50 FUEL BLEND

COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

oshen 1357

Enjay 268

Enjay 551

Precision
214-907-9

Hycar 2202

Linear 7606-
70

Parker
XB800-71

Parker
B496-7

Parker
318-70

60 §%|c

70-80 68 | D
160 ijC
§5-80 i C
35-80 | C
160 1| D
70-80 7 -
55-60 | 30

160 3| D

160 301 A

160 3011 A

160 0] C

18

18

MATERIAL TEMPERATURE STATIC EXPOSURE
| LIQUID | VAPOR
DEGREES
FAHRENHEIT ©
£3
£
. REMARKS
BUTYL
RUBBERS
{CONT)
Parker 70-80 [[162 | D 1 IJSottmmd 20%
D486-7
Parco 805- |70-80 || 68 | D 1 ISottened 3T%, fuel
70 discolored amber

Precipitate extracted,
tensile loss 26.8%

Softened 12%, fuel dis-
colored amber
Precipitate extracted,
tensile loss 26.5%

Fuel discolored
yellow

Fuel discolored
yellow

Violent reaction -

compound similar to
Enjay 62790

No violert reaction
43%, fuel yellow

Precipitate extracted,
cracked

Tensile loss 6.8%

Tensile loss 11.4%

Precipitate extracted,
tensile loss 20.7%

AFFTC TR-61-3¢
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SECTION 40
50/50 FUEL BLEND

TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/50 FIJEL BLEND

MATERIAL TEMPERATIRE ETATIC EXPOSURE
VAPOR
DEGHEES
FAHRENHEIT ..:-
d’{" <, .fdi:mu
L
HUESERS
IC0HT)
il man (L] W | C i gpitate peirasted,
813-T8 loas 10%
m-8a |40 1] u
it
BWE (18 W |c i reclyiisis
Luss L3S
FWE G40 (1080 W | C | eEtracted
e loma 4199
WK B30 160 | c i
loas 53.7%
i WK (100 o |C 4 prwpilats en -
sl M
Lisass nrw aimblar
Philipe s
il (] N | D i 2% volums swall,
EX 04 =80 jons T1.0S,
(B deopel] b JLkda
LA 83 | BBy i m | D is
HWaaltmr 10 M | O 4 Lpllals watriated,
BETIN-330T loas 1895
!

3 — Definitions of ratings are given on page 4-14,
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SECTION 4.0
50/50 FUEL BLEND

TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

MATERIAL TEHFERATURE ~ ETATI: EXPONURE
LIGLID VAPMOR
nmm &
FAM T &
o o
& & &5
e /S REMARKS
FLUGER N
AUHHERE
Wilews A gu-E8 § 30 | D il Detnmposed
Vitan m.e0 (3|0 |12 Dissnived
E#l-F L1881 o ow L Enamnived
Elumnmes I i
Tinorel 5580 M (D s
Garloch 900 | 55-00 Iﬂl o HI Fusl pellow, crystala
on sperimen
Oaripck 13 |55-80 M je 18 Pusl disssiored
paliow
Prina ¥ 280 (30 | D |1 Busple blistared
Meoprwma [38-60 06 | D | 1D Fool discolored red,
Cohriastie | S0=B0 | D ] TLurdmmed
1o )
ftypalee 30 [3-80 [ 00 | D | 10 Binsh purticies in hisl
LUBRICANTS
oM Lube [To-sa | 1% € | # Pa———
geE-M |10 I le | 4 P RR———
Loxgare  [10-m0 | *le | 4 I Bome wassed off
amor-c (ve-m | ®le | 4 Bame wantwd oft

a = Definitions of ratings are given on page 4-14,
b — Dynamic tests with Parco 805-70 tmtyl rubber O-rings.
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SELTWIN 40
50/50 FUEL BLEND

TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

MATERIAL TEMPE HATURE ETATIC EXPOSURE
LIQUID VAPOR
DEGREEY
FAHREHHEIT o ¥
F o
11&4&5 '*,‘d‘g
&/ TS 4"*13' RN AR
A/ BMCANTS
COMTI
BE-11 ww | 1°| e Some wazhed off
wose Q16 | e | o o] e | & |wnstedatrin tiged,
partip bn vRpor
seressal (020 | F| m | 4
1001 [dry
liatrir}
Aoewwell (b0 | 1°| e | 4 Scooe waahed off
! sordatrom
a0
De-55 ﬂ:-lul Ple | s My wilect byl
Tl
wao J|c | «Ju|c |4 otf tn liguid,
parily tn vigos
DC-Hl wao | e | 4 May affect O-ring
Na— ss.e0 oo | e | 10 Bome washed off
wm |14 | e | af 1a] e |4 [wushes olf in liguid,
parily o TRpOT
KelFO0 (5580 o0 (D | M Roactsd
Mobyiols T [58-80 | ¥ | D | W Rtk mnd evnlved
)
oriee 08 [55-00 | %0 | B | 11 it wvotved
Maprc-32 (w880 | 30 | D | 11 franTym———
qo-3-0000 (8500 § %0 [ o | 12 Disactved
QC-2-0083
Dlsctrofim |55-80 | %0 | & | 1 Bwclinn
H-C

a — Definitions of ratings are given on page 4-14,
b — Dynamic tests with Parco 805-70 buty! rubber O-rings.
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50/50 FUEL BLEND

TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/60 FUEL BLEND

———
s

WA TEMIAL TEMPERATURE ETATIC DUPOSUKL
LIGHAD VAFOR
BEGHEES
TAHRENHEIT ..:l
ﬁﬁ "o AEMAHKS
| I
owm |
raEy-3, 00 (8000 | 30 | D | 11 Broken up I
Palpgiysal (To-00 | M D€ | 14 iu— bl L
Ol |
1.-1111 wm || D i 1 phas=s, el turnes
' l
Rty Lubw
g w-pn | 1| A lI
=0 0-50 I W la |«
I Waler Clusa-| 000 4| A 4
Orraghits
| vy A a=ng I 4| C i I
Irl 14n1 pe-a0 | 0 | o | 11
RTV-0 e (| D |10
I:.mm w00 | m | D | U
Paraglen 6880 Iu o |1
P&l
Prosesi TE0 (.00 |50 | B | 11
Fuirprans  (S8-40 D |u
3T I
[ o

a — Definitions of ratings are given on page 4-14.
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SECTION 4.0
50/50 FUEL BLEKD

TABLE 4.2 (CONT)

COMPATIBILITY OF NONMETALS WITH 50/50 FUEL BLEND

| maTemaL TEMPERATURE __ATATIC EXPOSURE |
Ligtnn VAFOR
promi /0 4
FAHA T
& 4 !
¢ ¢ AE'
7 i) o REMARKE
(CONT
cepumm i (5iae f o | c |0 Iu-m-a
crF
|
ADHESIVES \
Armmrong  (BE-B0 § B0 | A | 3D
Asl

EC M) san 3 | D | L I
il L bo-m0 | B9 | A | 1O

|cznanace I
Temporall (8280 | 90 | A | 10
Besereinen |B0-80 | B0 | A | 10

R

Buweraismn (8580 | B0 | A 10
1]

Bssoreisen |78 . c [}
" I

Riookiluz ™ - A 4

|lplll|']ﬂ.'l H-80 | ® | D | 13

Medifted  |to.80 | %0 | D | 31
Epoxy Mo, 8

a = Definitions of ratings are given on page 4-14.
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COMPATIBILITY OF NONMETALS V

TABLE 4.2 (CONT)

SECTION 4.0
50/50 FUEL BLEND

‘H 50/30 FUEL BLEND

MATEMAL TEMPE HATURE ETATIC EXPOSURE
VAPOR
DhoREES
FARRERHRIT # 4%
& f j
4*" FE
PARTE
WCONTY
Epemy Ha, T |83-80 | 30 11 Erbpped off
Foprmy Fa, 0 | BB-00 30 i Hams)ved
| Bpoxy da.  |88-80 || 20 1 Pealad oft
Atkyd Ha, 4 |B8-00 § 30 1" Stripped alf
Polyursthane| 5-00 I 0 1 Pr——
Aciylis W= |35-80 | 30 i Dimsalved
o e bl
Wiyl =00 | 20 i Blimured
Primar w80 | 30 1] l Btripped off
I ML~ -8 I
Crialne
Primar end [180 L ] L} Prioe ooul 1fied lm-
Tinteh mesaisly ke other
whthin 7 days
Tmpraved | 106 - [+ i Pulo Fifned writbin
I 1 mibmatas
T K 180 - ] i I Talnl Bistered williin
| homr
Co-Polymar |168 - o 4 Palsl washad off
Pl O B mdmatos
CA it 18 S - 4 Miistarad und dle-
Primer pokvpd within 10 mia=
I Lo
Corroalls  |ivd - | D i Punatered withiln |
Claxr 081 I
-

a — Definitions of ratings are given on page 4-14.
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4. KLFFECTS OF FUEI BLEND ON MATERIALS OF CONSTRUCTION

Table 4.3 is a list of construction materials showing the compatibility results of short ev-
posure to fuei blend liguid spillage, fuel blend vapors. and watered fuel blend, Details of these tests
arc given in Kefcieuce 4. Coatings and/or surface treatments were applied to various materials to
ascertain life expectancy. Of the organic coatings, Sauereisen 47 exhibits the best resistance.
Rockflux, an inorganic cencrete coating material having a viscous consistency when mixed with
water, appears to be resistant to the 50/50 fuel blend. However, bare concrete is unaffected by
the fuel blend.

TABLE 4.3

COMPATIRILI FY OF CONSTRUCTION MATERIALS WITH
50/50 FUEL BLEND

Temperature Exposure

Matertal (°F) Time Remai ks
Birch Woad 5 2 hr 30 min Wood grain split
Concrete
Bare %5 13 hr No visual effect
Coated with water glass 5 1 hr 30 min Water glass crystalized
and powdered off
Coated with water glass ki) 1 hr 15 min Paint blistered

and floor enamel (Esco
Brand 41138)

Coated with water glass 75 6 min Paint blistered

and Chex-Wear floor

enamel

Coated with Rockflux (] 10 hr 30 min No visual effect

Mild Steel Coated with

Tygon K paint 5 1hr Paint blistered

Catalac improved paint 15 1 hr 30 min Grainy appearance; lifted
when totally immersed

Co-Polymer P-200G i 3 min Paint was recmoved

Sauereisen 47 5 7 hr First coating was removed

(4 coatings) in one hour; blistered but
did not penetrate 4
coutings

CA 3747 Primer paint 75 10 min Elistered and discolored

Corrosite Clear 581 75 1 hr 15 min Blistered

AFFTC TR-61-32 4-28




SECTION 4.0
50/50 FUEL BLEND

4.4 EFFECTS OF METALS ON FUEL BLEND DECOMPOSITION

To determine the effects of materiais on fuel decomposition, portions of unweided, welded,
brazed, and soldered meta. specimens were gealed in Pyrex glass amputes with a small quantity
of 50/50 fuel blend and placed in test for 14 days at 160°F. Blanks containing only fuel blend also
werc included as controls. After test, a weight loss of the {uel blend was indicative of decompos-
ition. Details of this test are presented in Reference 2. The metals tested are shown in Table 4.4,
Although the dota obtained with this procedure 1s inconclusive, the specimens do not show signs of
attack or discoleration and the fuel blend does not show signs of discoloration. Since the fuel
samples subjected to spectral anaiyscs are no worse than the control samples, no decomposition
is attributable to the metals.

N
'

TABLE 4.4

METALS TESTED FOR DETERMINING
50/50 FUEL BLEND DECOMPOSITION

Aluminuin Ailoys

o B )

2014-T6 manual welded and unwelded
2014-T6 machine welded

I 5086 H-36 manual welded and unwelded

i‘ 5456 H-321 manual welded and unwelded
6061-T6 manual welded, brazed, and unwelded

Stainless Steels

; ‘ 304L annealed, manual welded and unwelded
" 321 annealed, manual welded and unwelded
3417 annealed, manual welded, nicrobrazed, and unwelded
410 H & T, manual welded and unwelded
A-Nickel manua) welded and unwelded

L AFFTC TR-61-32 4-29
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SECTION 4.0
50/50 FUEL BLEND

4.5 EFFECTSOF CONTAMINANTS ON FUEL BLEND

¥ilings of 2014 aluminum alloy and types 304, 316, and 347 stainless steels were exposed to
50,/50 fuel blend at 160°F for 14 days to determine the potential effects of contaminants on the fuel
blend picked up during systems manufacturing. The metal filings were sealed in Pyrex glass am-
pules with fuel blead and, after test, the fuel blend weight loss indicated decomposition (References
2 and 4). Although the data obtained from each test is inconclusive, no visual changes are apparent
in ~ither the fucl blend or {ha metal filings. Also, no positive pressure was detected upon opening

the test ampules.

Tests were madc with 6061 aluminum alloy, type 347 stainless steel shavings, and lint ex-
posed to the 50/50 fuel blend contained in glass flasks fitted with reflux condensers (Reference 2).
After one week at 160°F, no visual changes were detected in either the fuel or the metal, and
spectral analyses of the fuel indicated no decomposition. With lint, the analysis of the fuel blend
is hampered by the absorption of the lint dyc; however, observations during test indicate no

decomposition.

AFFTC TR-61-32 4-30
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SECTION 5.0
N204

SECTION 5.0

MATERIALS COMPATIBILITY, NzO 4

5.1 EFFECTSOF }1204 ON METALS

As a result of laboratory tests interpreted on the basis of practical experience, the: individual
metals are placed into the classifications described in Section 4.0, page 4-1 of this handbook.

Table 5.1 contains pertinent compatibility data, references, and ratings of several metals and
mectal alloys.

5.1.,1 Aluminum Alloys

Aluminum alloys behave as stable materials because they are covered with a naturally
occurring thin oxide film that is highly resistant and protective. These alloys have been known to
withstand nitric acid above 82% by weight. Moist Nzo 4 produces 60% to 70% by weight nitric acid.
The radical difference between aluminum alloys snd stainless steel alloys is that the corrosion rate
of stainless steel alloys in nitric acid decreases as the concentration is reduced, whereas the oppo~-
site is true of aluminum alloys.

Certain aluminum alloys exhibit higher corrosion rates when exposed to N’o ¢ €O
taining varying water contents. The ginc-bearing 7075 aluminum alloy corrodes at a faster rate than
the copper-bearing 2024 aluminum alloy. Under identical test conditions, both alloys corrode faster
than 50532 and 3008 aluminum alloys; 3003 aluminum alloy exhibits the lowest corrosion rate
(Reference 1). The evidence indicates that the purer the aluminum, the less the corrosion in N’O‘
containing increased water conterit. The significance is not apparent until Nzo4 contains greater
than 0.3% water.

The alloys tested cover a varisty of casting and wrought alloys that are characterized
by good strength, weldability, formability, and corrosion resistance.

There was no major difference in mechanical properties as a result of the testing in
the presence of Nzo 4 having a water content of 0.2% maximum and un to a temperature of 168°F.
There was no effect on the aiioy tested when in coat.w:t with Teilon (Refcrence 16). The criterion
for resistance of the alloys is the water content of the N,O e

The application of a heavier oxide film by electrolytic means or chemical conversion
does not result in a major difference in corrosion regardless of the water content of the Nzo e

AFFTC TR-61-32 5-1
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SECTION 5.0
N20,

5t 2 Slainless Steels

The stainless steels mentioned in Table 5.1 are a cross-section of alloys that are
duraile, heat- and corrosion-resistant, and non-contaminating. They contain ut least 12% chrom-
ium, often T% or more nickel, and additives such as raolybdenum, columbium, and titanjum. In-
ciuded are the hardenable heat-resistant alloys which lack nickel. All thege alioys are resistant
to '.\I204 oxidizing conditions, including the presence of nitric acid.

Maximum corrusion resistance of the stainless steels can be attzined by proper
fabrication techniques. The effect of welding, brazing, and improper heat treatmenis on the
corrosion resistance of stainless steels is well known, inciuded in Table 5.1 aie specimeus pre-

pared by means of acceptable fabrication procedures.

A limited number of N204 metal corrosion tests conducted by the Nitrogen Division
of Allied Chemical Corporation (Reference 18) indicates that the presence of Teflon can increase
the corrosion rate of type 304L SS. However, corrosion rates of 304L SS with and without Teflon
are less than 1 MPY with specification-grade N,0, at 185°F for 10 days and with N,0, con-
taining as much as 2% water at 115°F for 109 days.

Under the test conditions stated in Table 5.1, regardless of the source of informa-
tion, there is no major difference in the mechanical properties of stainless steel. This includes
welded, nicrobrazed, tin-coldered, and silver-brazed joints. Tin solder and silver brazing are
readily attacked by dilute nitric acid; iherefore, this fabrication procedure must be used with
discretion because severe corrosion could occur with increased water content of the N204.

5.1.3 Ferrous Alloys

The ferrous alloys are not known to have high resistauce to oxidizing conditions and
their use is a matter of economics. This is specifically true when nitric acid is the oxidizer;
however, at high concentrations of nitric acid, the corrosion rate reaches a low value. The
ferrous alloys are unaffected by Nzo A having 0.4% water maximum up to 165°F. A limited number
of tests conducted by the Nitrogen Division of Allied Chemical Corporation (Reference 16) indicates
that the presence of Teflon can increase the corrosion rate of carbon steel. However, corrosion
rates of ASTM-A285 grade C are less than 1 MPY when exposed to specification-grade NzO A

at 115°F for 109 days and 165°F for 70 days.
5.1.4 Nickel Alloys

In general, oxidizing conditions promote corrosion of nickel alloys. Nickel can pro-
tect itself against certairn fc.is of attack by developing a passive oxide film; thus, oxidizing con-
ditions do not always accelerate the corrosion of nickel. While these alloys show good resistance

AFFTC TR-61-32 5-2
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to dry N20 & caution is advised in their use with molist Nzo 4 An exception to this is Inconel which

has good corrusinn resigtance to oxidizing conditiors.
5.1.5 Titanium Alloys

Commereially pure titanium is outstanding among structural maierials in its resis-
tance at ordinary temperatures to oxidizing conditions. Titarium, when pagsivated, is the noble
metal in a galvanic couple with all structural alloys except Monel and stainless steels. The
titamum allcvs are generally less resistant to corrosion than commercially pure titanium. Care
has been exercised in exploring new combinations of titanium alloys and corrosive mediums. This
;s due to its pyrophoric properties in RFNA and its impact sensitivity with liquid oxygen and
fluorine. However, it is only iu the case of liquid oxygen that the reaction may propagate and
completely consume the titanium. In most cases, evea though ignition occurs, the damage is not
significantly greater than that resulting from the impact alone. A smooth; surgically clean titanium
surface minimizes the reaction (Reference 22). The data in Table 5.1 shows that the titenium alloys
are virtually unaffected by Nzo 4 and moist Nzo 4 UP to 25% by weight. No iil effects oceur when
coupled to 2014-T6 aluminum alloy in Nzc e (See Propelliant Handling, Section 8.0, for additional
data substantiating the use of titanium with Nzo 4.) All testing to date indicates that titanium
alloys are satisfactory for use with Nzoa.

£.1.6 Magnesium Alloys

Magnesium alloys corrode in Nzo M and corrosion products form on the surface of the

5.1.7 Copper Alloys

Berylco 25 exhibits a corrosion rate of less than 1 MPY; however, because corrosion
products form on lhe surface of this alloy and arc easily remu.ve4, a "C" rating i8 assigned.

5.1.8 Cobalt Alloys
Haynes Stellites No. 6K and 25 exhibit good corrosion resistance with N204.
3.1.9 Platings

Gold-plated Berylco 25 exhibits a corrosion rate less than 1 MPY; however, because
corrosion products form on the surface and are removed easily, a "C" rating is assigned. Non-

porous chromium, nickel plating, and electroless nickel are gatisfactory for Nzo 4 service.

AFFTC TR 61-32 5-3
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5.1.10 Conversion Coatings

There is evidence to show that sulfuric acid anodize, Hardas ano . and iridit
aluminum conversion coutings are resistant to NZO 4 exposure,
§.1.11 Miscellaneous Alloys
Silver solder, as reported ii: Reference 10, becomes badly pitiac -‘120 4 after cue

month and exhibits a high corrosion rate. Tantalum exhibits good corrosion r~ .. tance to NZO 4
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¢ SECTION 5.0
N2O4
] TABLE 5.1
/'A "MPATIBILITY OF METALS WITH N,0,
,"’*‘
S ERAL | TR BTATIC EXPOSURE
” VAPGR INTERFACE
DEFGe
Fatin WL %
¢° 9'. (S &
S/ e/
: YIS ey .
i ¥/ REMARKS
ALUMINUM
ALLOYS_
1100-0 55.60 f 90 , A (15,11
19
100 T A |18 0.1 to0 0.3% H,0
{
2014-T6
Sk .
Unwelded [55-60 f o0 | A l:s,u % | A l:s,u.J 90 |A |18
Welded 55-60 90 | A Ps,a1feo | A DS
63-67 H14 [ A | ¢
Spotwelded [S5-80 180 | D ps.uiuo D [ji5,11 “D" rating because of
cracks in spotweld
2014-T¢ .
H Kxtrusion
b - - Junweidea [5-60 90 | A |15
\! “f-Stressedto PB5-60 90 | A |18 0.2% B0
50,000 pst
s Welded 5-60 90 | A |15 90 |A |18 0.6% HyO added
g ( Stressedto [85-60 90 | A |18
i ‘ %0,000p8t les. g0 030 | A |18 0.9% HO
! Stressed to [65-60 NiA 18
! { 50 % and 80%
; Yield
b 2240 608 Jos | A" |10 Jos [A® |10 J es|a |10
L 00 7 1A |19 “B" rating at 0.3%,
; "C" rating aoove 0.7%
! { j 140 nla 10
50 7 ({8 (14 ] 7]Aa |14 0.0% 1.0
n - 50 7 |a {1a 1A |1e
L u — Definitions of ratings are given on page 4-1.
A b ~ Predicted ruting from interface data.
i
AFFTC TR-61-32 8.5
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SECTION 5.0

N0,
TABLE 5.1 (CONT)
COMPATIBILITY OF METALS WITH N,O‘
MATERIAL TEMPERATURE STATIC EXPOSURE
LIQUID ] VAPOR | INTERFACE
DEGREES /
FAHRENHEIT %
o &
S y &
A )
/ &8 E REMARKS
aLoMiNUM |
ALLOYS
(CoNT)
2219-T81 55-60 ]| 90 | A | 15 No effect, up to 0.2%
Welded and| nao
Unwelded
3003-H14 100 K A 1,19 Up to 0.4% HzO
, 150 7 A 14 7 A | 14 Up to 0.6% HzO
5052-0 100 1 A l,l&J "B" rating at 0.3% to
1.0% uzo
140 29 B 19
5086-H34
Unwelded 15 56 A 16 Up to 0.4% H’O
70 an A 16 Up to 0.8% lle
70 27 B 16 1.6% 320
70 27 (o] 16 3.2% ll’O
115 109 A 16 Up to 0.5% lle
118 109 B ié 1.0% HzO
115 109 C 16 3.0 to 3.0% H'O
120 217 A 16 Up tc 0.4% Hzc
120 27 B 16 6.8% n,o
120 n (o 16 i.6% HSO
120 27 D 16 3.2% lle
165 0 { A 16
165 70 B 16 0.5% Hzc
165 70 C 16 1.0% HzO
165 70 D 16 2.0 to 3.0% lle
Welded 15-165 ¥ 27 A 16 <0.4% wzo
15-1685 | 27 B 16 0.4 to 3.2% H?O

a — Definitions of ratings are given on page 4-1.

AFFTC TR-61-32 5-6
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N204
. TABLE 5.1 (CONT)
- COMPATIBILITY OF METALS WITH N,0,
MATERIAL | TEMPERATURE | BTATIC EXPOSU
LIGUID VAFOR INTERFACE
DEGREES
FAHRENHEIT & j
¢$ A &
6#“" "J? #ir 45
! & L 4 MEMARES
: T s =
ALLOYS
(CONT)
|
5086.-H36
ﬁ Unwelded (6367 I oo | AP | a o | A% a e |a | «
weided  |63-67 } 14 | A
§384-F 6367 Joo | A% a oo | A% ¢ |n | «
i 5e56-H24 [s8-60 § 82 | A u.r
i Welded
Unwelded
; 5456-H321
Unwelded [55-60 | 90 | A | 15 0.3% H,0
P 6367 J1ea | A ]| 4
Stressedto [55-60 J %0 | A | 18 0.3% B0
30,000 psi
Welded [55-60 § 30 | A |16 f %0 | A {15 0.0% H,0
Stressed to {556-60 30 I A {15 0.3% nao
20,000 psi
i oot so-60 00 | A | 1000 A «foo|alf s
s Unwetded [63-67 | 90 | aA®| « oo | A° ola | 4
. 130 30 A1 0.5% H,0
Iﬁ 100 1A |18 0.5% H,0
150 Tl A el 7] A [1e Up to 0.0% H,0
i Welded s5-60 J 00 | A |18
i 6307 Q1e | A | 4
| ¢0ss o307 Yoo | AP| afoo | AP| affoofa | 4
: 7075-T6 55-60 § 90 | A | 15 0.6% HyO
i
i. a — Deflnitions of ratings are given on page 4-1.

b — Predicted rating from interface data.

1. AFFTC TR-01-52 5.7
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TABLE 5.1 (CONT)

COMPATIBILITY OF METALS WITH N20 4

SECTION 5.0
NaQy

MATERIAL TEMPERATURE STATIC EXPOSURE
LIQUID | vAPOR | INTERFACE /
7 V4
DEGREES
FAHRENHEIT & o S %
S/ e SIS S
PE YIS S
@ Q*' &9 ‘¢ Qﬁ'
L) &/ ¥/ REMARKs
ALUMINUM
ALLOYS
(CONT)
7075-0 100 7| a |14 "B rating at 0.2%
H%O; "C" rating above
0.5% H0
150 Al 7la |1
150 B 14 7|8 |14 0.3% H,0
5565 30 | A% [10 30 | A |10 [[ 30 [A |10
356-T6 55-60 || 90 | A |15 0.3% H,0
s5-65 || 30 | AP |10 50 | AP |10 || 30 19
Tenss0  la3-67 floo | AP ! 4 Qoo | A®] « [ 90 -4
AINLESS
STEELS
302 100 7 a |10
308 6367 90 | AP ] 4] oo [ AP| a oo A | 4
100 nla |
304 65-65 |63 | A® |10 [es | AP (10 fl e3{a |20
304L
Unwelded [56-60 [l 80 | A |15 0.2% Hy0
6367 {14 | A | 4
15-165 1 27 | A |16 Up to 3.2% H70 Incl
Welded [63-67 fl14 | A | 4
316 63-67 § 90 [ A® 90 | A° % |A
6367 |90 | A 0 | A° % | A

a — Definitions of ratings are given on page 4-1.
b — Predicted rating from interface data.

AFFTC TR-61-32
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SECTION 5.0
N204
TABLE 5.1 (CONT)
COMPATIBILITY OF METALS WITK N,o4
MATERAL | TEMPERATURE | STATIC EXPOSURE
Liglin VAVOR DFTERYACE
DEGHEES

A fim | & |8 fiw | A
A (1]
A |
A |
AP oo [ A% alm|a
A 1
' in
A |18
' ]
A alm | A" aflm|a
A |4
Ed AT (w00 [ A | 2 [a
T e wla |u
TH 04D
1TeE [we WA |
RHTS
PH 1T Mo Pl I L I O
Cund. A
TRT N 10 Up o 2.4 g0
AM 308 o (A% 4 fe | A% 4 e fa |4
Cand. |
;g

2 — Defintlions of ratings are given on page 4-1.
b = Predicied rating from interface data,

AFFTC TR-61-32
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TABLE 5.1 (CONT)

COMY'ATIBILITY OF METALS WITH 3,0

274

SECTION 5.0

N204

MATFRIAL

TEMPERATURE

L.

STATIC EXPOSURE

LIQUID | VAPOR | INTERFACE J/
DEGREES
FAHRENHEIT
£
Q)
S
STAINLESS
STEELS
(CONT)
AM350 Ann. J100 [ 10 | A |18 10% H,0
A286 Ann. 5560 oo [ A |15
100 7 {a |14 Up to 0.8% HyO
aonaT o367 Joo [AaP | « oo [ AP ]| 4 floo [a | ¢«
Welded  [63-67 [[14 | A | 4
410 (Re 41) |100 A |1e Up to 1% H,0
150 A |14
416 55-65 [ 30 | AP |10 f30 | AP |19 [[30 {A |10
440C 6367 (00 | AP | 4 Qoo (AP a [[oo (A |
A, 100 7 (A |14 Up to 0.6% Hy0
RROUS
LOYS
ASTM A-285
GradeC) {15 |27 | A |18 Up to 3.3% 140 Incl
0 far |a |16 Up to 0.8% Hq0 Incl
0 [27|8 |16 1.6 to 3.3% Hy0
in ll2n | A [ Up to 0.4% Hz0 Incl
120 27 |8 |16 0.8% Hz0
120 21 | C |18 >0.8% HyO to 3.8%
Incl
185 21 |A |16 Up to 0.4% HgO Incl
65 |21 | B |16 0.8% H,0
165 21 |c |18 >0.6% HyO to 3.9%
Incl

a — Definitiuns of ratings are given on page 4-1.

b -- Predicted rating from interface data.

AFFTC TR-61-32

(7]

[
[~




LeBFR LhoteaEE

MR e

P

TALLE

- Nibc

5.1 {CONT)

COMPATIBILITY OF METALS WITH NJO,

MATERIAL TEMs s ATURE

DEGREES
FANREMHEIT

&

f*?&‘{;*?&’ﬁ‘:} -

A |1s
A |
18
AR CRES
o | a® e Jea | A"
1" i
Bao | & [0
w (A |10
%o | & |18
o s |w ]
ol |
THFRE |
wla |
|
atoar mmt v A" ]y A

b = Predicted rating from interface data.
¢ — These alloys are highly susceptible to corrosion in nitric acid.

AFFTC TR-G1-32

a - Definitions of rwul'ar.o given on page 4-1.

5-1i1



SECTION 5.0

N204

TABLE 6.1 (CONT)
COMPATIBILITY OF METALS WITH N.O A

MATEILAL TEMFERATIRE _ IH'I'I‘: EXPEUEE
LIGUTD VAPCE DITERFACE

WM nATE (5500 | 20 | A |1
azmc®  |ss.m @ o |w

Nayrn

Rallise

= |ua @ | A" o | A% ]l

= eaer oo | a®| afoo || a]ve|a]

PLATINGH

Cadmium (98-80 |- | D |10

Cliromium u-ul A |
I{u-ﬂﬂi

Coppes” |88-m0 |- | € |48

Gl um ga-27 ¥ |cC 4 | Fliiing poross,
Berylos B l coTPomion products
| |

a — Definitions of nunu are given on page 4-1.
b — Predicted rating from inter{ace data.
¢ — These alloys are highly susceptible to corrosion in nitric acid,

AFFTC TR-81-32 5-12



i

piet  Quendg  po

v m—

-~
| st

1
N

SECTION 5.0

N0,
TABLE 5.1 (CONT)
COMPATIBILITY OF METALS WITH N,0,
ATEREAL | TRMPENATURE ETATIC EFPOBURE
LIQUID YAPOR INTEPPACE
DEGEEES
FAHRENNELIT
5 df A g JJ &8 f 4
é" 15? 4.’"‘ HEMARKS
o |
K |l I I
Electrolytic|f8-80 | - | A |18
Ly = 1 I
Kirpoieplean | 100 Tl A |1R upun.ﬂu.u
Silwar weoo §- | o (1]
Tuuie £h-hn 1] I
| o |
lrkddie 1 p I
FIA-TH
welded  [85-00 Q30 | A [184 0., 10
| |
si-80 | s | a4 ftoa
Upwelded  [58-80 s | A |10 LIS U0
{amprn |s-00 [0 | & |10 | rmengo
Whalded
AqBl-udd  (EB-80 | %8 | A tI-I
Welded |
sonl-Te  [se.ee R0 | A |18
W ek I l
Bulfurie Anid
Anpdize
TS0 100 T m | I'rhoeoumgudomx
o oo | 1|8 (0] improve resisance
10 B e scattered for conclu-
sive evidence
HI

a — Definitions of ratings are given on page 4-1.

AFFTC TR-61-32 5-13
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TABLE §.1 (CONT)
COMPATIBILITY OF METALS WITH NzO‘

MATERIAL TEMPERATURE STATIC EXPOSURE

VAPOR | DVFEAFACE

DEGREES
FAHRENHEIT /&

COATINGS O!
ALUMINUM

ALLOYS
(CONT)
2014-T6 Al HH-O'I . WA |4

Hardas
Anodize

2014-T6 Al 65-60 | 30 | A |15

Hard Crist
{Dwnizrise)
14
18

i 7
4204 7
o 0 7|8 |18

> o

‘ﬁrolc::l LS-G‘I 10| D 4 ] Coating porous,
I AM100A
Magnesium

Microseal [83-67 ™D 4 | Coating porous,
100-1 CG on metal atiscked
AZ 31C

Magneninm

Microseal #\3 - 100 | A 4 ] Coating porous, see
100-1 on data above for coating
2014-T6 Al on Magnesium

Hsum Boldercr’)-ﬁn % |p |10 Pitting

Tantalum 5-88 30 19 §30 | A |29 SO|A |19

a — Definitions of ratings are given on page 4-1.
b — Predicted rating from interface data,
¢ — These alloys are highly susceptible to corrosio. in nitric acid.

AFFTC TR-61-32 5-14
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N204

TABLE 5.1 (CONT)

COMPATIBILITY OF METALS WITH N,0,

THMPERATUNE mu.*ru: EXPONLURE
' VAPOR mm

i “‘%5 @ /

| BRAEING

A081-TH Al
Grumed will
T8 [l

WIES w0l
e Wil
P Tin

M58 wilver
braasd wilh

Clams 4

AME ITTE

Bl4-TH Al
ouplad to
Talion

4-Te Al
paited to
Al =AY Ti=
e i

2014-T6 Al
bolted to
32188

3014-T8 Al
welded to
6061-T6 Al

Euay Flo
per QOE-LET '

T niera-

bl ' |

Ei=a7 14

z
e
-
-
- -
- -
=
Bl a————————
e
T

u-ulu 'R |

{os.m 30 | A | 4 | Tetion intape or bas
I Eirm hd 5o afecis

s Jo0 | A 1S ol

II-HIH A “I IE-HHP

=11 4 | A L !

a — Definitions of ratings are given on page 4-1.

AFFTC TR-61-32
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N204
TABLE 5.1 (CONT)
COMPATIBILITY OF METALS WITH Nzo 4
MATERIAL TEMPE RATURE ATATIC EXPORIIRE
L FUID VAFOA HTERFACE
DEGREES /
FAHHEHHEIT # % F o ’
£ o o, /
s 4’# < 'l" V AEMARKY
METAL
COUPLES
(CONT)
30458/ Ist-00 30 | & |15 CF -}
Teflon/331 "0 I
88 bolted
304L coupled| L& M| A 18 Upto 1.9% n,o Incl
withTeflon |0 biow |4 |10 Up to 2.0% H,0 Incl
18 k1] & 1.
18 ™ |8 |18 0.5 to 3.0% H,0 Incl
LEE b I A i | Tape or bar Teflon
had no effect
ASTM A-285
(Grade C. A
In presence | 15 w3 | A |18 Up to 1.6% II’O Incl
of Teflon  fyg  Hi0e | & |18
115 o B (16 >0.1% t0 2.0% H’O
Inel
1156 fi0e | c |16 3.0% H,0
165 7 | A |18
165 7 (B |18 0.5 to 1.0% ll'O Incl
165 0 [c |16 2to 3% HO0 Inel

a — Definitions of ratings are given on page 4-1.

AFFTC TR-61-32

8-16
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SECTION 5.0
N204

5.2 EFFECTS OF N204 ON NONMETALS

Table 5.2 contains comipatibility data, references, and the ratings of several nonmetals ex-
posed to N20 4 The ratings are identical with those described in Section 4.0, page 4-13, on the

50,/50 fuel blend materials compatibility.

An intimate knowledge of the pehavior of plastics, rubbers, and elastomers under the con-
ditions of their intended use is a prerequisite tor engineering desis 2. Being chiefly organic, the
nonmetals are generally sensitive to Nzo 4 and their mechanical properties in this environment

are more susceptible to changes in a short range of temperature.

The chemical anvironment can act on these materials in geveral ways. 7The propeliant can
dissolve, attack, and decompose the material causing degradation, or it can completely destroy
the material, Moreoy <, the prcpellant can extract some components, thereby altering physical
properties, or it can be absorbed by the material and thus affect the strength, In addition, the
chemical environment can affect the dimensional stability and finish appearance without seriously
affecting the mechanical properties. The nonmetals tested emhrace 2 wide variety of chemical
and ke T.al strmctires and, as such, geometrlcal factors, methods of fabrication, and similar
Vacigtues con gietty _sf*aaace the behavior of a part fabricated from any of the nonmetals

shown in Tanle 5.2.

For example, many of these nonmetals can be used as gaskets or seals where 2 definite
compression set limitation and, probably volume change limitation, is required for sealing.
The gasket or seal can be enclosed between two metal surfaces with only a small portion ex-
posed to the medium, The swelling characteristics of this type exposure differ in magnitude
and importance when compared with the swelling obtained from complete immersion in the
mediun: where volume change i8 magnified. Tensile properties play 2 small role in the appli-
cation cf the material tor a gasket; when used as an O-ring, tensile properties are important.
Therefore, the application of any of the nonmetals must be weighed in terms of the physical

properties desired.
5.2.1 Plastics

The Teflon and Teflon products exhibit the best resistance to Nzo & however,
NZO 3 permeates and is absorhed by Teilon. The important considerations are the retention of
properties after outgassing the Nzo 4 Teflon swells approxlmately 5% before outgassing and

returns to its original volume after outgassing.

The polyethylenes absorb Nzo 4 and increase in brittleness with time. Certain
polyethylenes ghow good resistance to Nzo 4 for pericds up to 30 days.

Ay FTC TR-61-32 5-17



SECTION 5.0
N20,
5.2.2 Elastomers

The fluororubbers swell considerably in N204 and have a negative volume change

after outgassing.

Phenolic resin-curred bulyls and flucrosilicone rubbers show resistance to N204.

Even these arc good for only short-term service,
5.2.3 ILubricants and Sealants

Reddy Lubes 100 and 200 and water glass/graphite mixture are satisfactory
thread sealants, All the lubricants eith.er react or wash off in N204; however, for asserably
purposes, Nordeeseal greases can be used satisfactorily. Dry lubricants Molykote Z, Drilube
703, and Electrofilm 66 C are satisfactory for use with N204.

5.2.4 Potting Compounds and Ceramics

Ouly Sauereisen P-1, a ceramic, exhibits satisfactory resistance to Nzo 4 There

are no potting compounds satisfactory for service with Nzo Pe
5.2.5 Adhesives
Testing to date indicates that there are no adhesives satiafac ary [ -. service with
N 20 &
5.2.6 Paints
Testing to date indicates that there are no paints satisfactory for service with Nzo‘.

5.2.7 Miscellaneous

Graphitar 2 and 50 are satisfactory for service with N204.

AFFTC TR-61-32 5-18
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TABLE 5.2

COMPATIBILITY OF NONMETALS WITH NgOg4

SECTION 5.0
N20,4

MATERIAL

TEMPERATURE

DEGREES
¥ AHRENHEIT /.;

Y
A S/

STATIC EXP“URE

LIQUID VAPOR

b/ sl 4

U
‘l
£ 0" & REMARKS

PLASTICS

Polytetraflu-
oroethylene

Teflon (TFE]

Teflon
filled with
graphite

Teflon
filled with
molydisul -
fide

Teflon
filled with
asbestos

Armalon
7700 im-
pregnated
with Teflon
fibers

Armalon
7700B im-
pregnated
with Teflon
fibers

Fluorobes-
tos filled
with asbes-
tos

TFE-felt
7550

55-60
63-87
70-80

55-60

55-60

55-60

55-60

55-60

55-60

30
30

100

90

90

30

> w >

11

1,11
15

15

15

15

15

11

11

1% to 3% Hz0

Softencd 20%

Increased hardness
3%

Sample coming apart

a — Definitions of ratings are given on page 4-14.

AFFTC TR-61-32
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETALS WITH N0,

MATERIAL TEMPERATURE STATIC EXPOSURE
uqum 1 VAPOR
DEGREES /
FAHRENHEIT .,{9 % /
; o S S V’ &
& Qy \ ¢
A
@y@" 45 REMARKS
PLASTICS
(CONT)
Fluoro- 55-60 30 A 15
green
tilled with
ceramic
Fluorinated
Propylene
Co-polymer
Teflon(¥EP} 55-60 §f 30| C | 11 1% to % Hy0,
eflon(F'E -60 0 scitened 3% to 10%,
63-87 30 A 4 sample turned brown
70-80 00! A | 12
160 71 A} 12
Polychioro-
trifluoro-
ethylene
Kel-F300 |55-60 J] 30| C | 11 Up to 3% H,0, sample
Unplasti- discolored and sof-
sized tened 16%
63-67 || 30| A 4 30% loss in strength
70-80 § 70| C 1 Softened 76%
Annealed 55-60 30 C 11 Sample discolored
and softenc:d
Genetron
GCX-3B 55-65 30] A} 19
XE-2B 55-65 30 A} 19
Trithene A | 70-80 80| C 12 Hardened 12%
Polyethylene|
Low Density 55-60 | ¢ i1 Sample turned brewn
Iradiated 55-60 30 (o i5 Linmited service
Hi Density | 55-60 30 C 15 Limited service

a — Definitions of ratings are given on page 4-14.

AFFTC TR-61-32
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TABLE 5.2 (CONT)

COMPATIRILITY OF NONMETALS WITH NqO4

MATEHIAL

TEMPEHATURE

STATIC ZXFUMLUIRE

DEGHREES

FAMRENHEIT /

d"”'qr#

Liguie VARDK

5t

oo

Poiynletin

Fayteene M
firusiimtin)

‘White anal
lahaih in-
wullliom

Palypra-

b wm
From
Horealas

Pud pambile-

myion
wytldal

o bymater
Wiylar

I Laminagan-
{1 T ]
Biligana

{erepaeay s
Won whe

b0

3-8

RLELY

5200

00

D]t
o} Il,li
o) 11

Craciod

Bl ight dimaaional
changs

Bampla tarmed gresn

[T —"

a — Definitions of ratings are given on page 4-14.

AFFTC TR-61-32
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETALS WiTH NyO4

MATEHAL

ThEMFERATUHE

DELHEES

FAMHENERIT .0

FETATIC EXPOEURE

LA %

LEQuLD YaAROR

2 Y

RLASTICH

Poiyeuster
{compost
ticn un-

known)

Dolyviny -
dene
Chioride

Saran
Polyform-
aldehyde

Delrin
FuiyLai-
bonate

Lexan
Polyvinyl
Fluoride

Teslar 30
Polymethyl

Methacry!-
ate

Plexiglass
Polyvinyl
Chloride

Ultron

hE5-f0

55-60

§5-60

55-60

55-60

70-80
160

30

30

30

90

£3y REMASNS
5] 11 Delaminated
Dl 11 Softened 17%
D 11 Reaction
D 11 Dissolved
A 4
D 11 Dissolved
D} 12 Surface tacky
D 12 Crumbled

a — Deftnitions of ratings are given on page 4-14.

AFFTC TR-61-32
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SECTION 5.0
N0,
TABLE 5.2 (CONT)
COMPATIBILITY OF NONMETALS WITH N204
MATERIAL TEMPERATURE STATIC EXPOSURE
LIQUID | VAPOR
DEGREES /
FAHRENHFIT g
o oA G/
. &é ¢<.‘ % ,é‘é
/. YA
J/ &/¥/ REMARKs
PLASTICS
(CONT)
Hydrocarbon
Polymers
Formulas | 70-80 1 D 24 Crumbled
4-27
(polybuta-
diene)
Formula 39} 70-80 { Cl o 26% volume swell,
(polyethyl - fair to good strength
ene) retention
Formulas | 70-80 7| D} ¢ Degraded
41-43 (iso-
butylene co
polymers)
Formula 44 | 70-80 | D| 2 Degraded
(ischutylicne
co-polymer)
Forrauias | 70-80 7 D | 24 Degraded
45-52 (iso-
butylene co+
polymers)
Formula 33| 70-80 0| A 2 19% volume swell,
(polyethyl- g0od strength reten-
ene + iso-~ tion
butylene)
Formula 68| 70-80 0| D| 2 Degraded
(polyethyl-
ene + car-
bon black)
Formulas | 70-80 7| D | 3¢ Formulas 69 and 70
89-74 blistered or deterior-
(polytsobu- ated, 71 and 72
tylenes) swelled 1459,

a ~ Definitions of ratings are given on page 4-14,

AFFTC TR-61-32



TABLE 5.2 (CCN

COMPATIBILITY OF NONMETALS WITH NaO4

MATERIAL

TEMPEMA TURE

DEQHEES

FAURENRETT .8

_#-u"

S

HTATIC EXPOSURE
LIGLHD VAFOR

4?11‘ EEMARKS

SECTION 5.0
N204

r
\CURT)

[ T,
bastylene po-
g
Formuln 100 74-
limokmryiesp
Eo+iymny

{18oinilylean
o =polymer)

{imiats [ene

enpolymir)

N 1oN-pnn gag
I AT (sl
tvione £o-
patymers)

{palyaterin)

{palyatain)

116-117
(ethylene-
propylene
rubber)

(polyethylend
+ butene)

Formulan | T0-80 = L] =

Formulas 100 | 70-60 n i b i}

Formuly 109} T0-80 b D | m

| Formudas (w80 | 7 | b |20

' oroe g (e | 1] o |

Farmuia 110 T0-80 T|{b |80

Formula 00 T| Do |8

Marlex 5008 | Ti-ia H | D (W

a — Definitions of ratings are given on page 4-14,

AFFTC TR-61-32
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TABLE 5.2 {CONT)

COMPATIBILITY OF NONMETALS WITH NgOy4

MATERIAL TEMPERA TURE STATIC EXPOSURE
LIQUID ] VAPOR
DEGREES
FAHRENHEIT
AN
BUTYL
RUBBERS
Enjay 268 55-60 - D 15
Fniay 551 565.60 | 30| D | 11 Dissvived
Hyear 2202 | 55-60 - D 15
Garlock 22 | 55-60 - D | 15
Parker 805- | 55-65 1 D 19 Became tacky
0
Parker XB- | 70-80 1 D 1 63% volume swell,
1235-10 softened 71%
FLUORO
FUDBERS
Parker
Xv-1235-2 | 70-80 71D 1 500% volume swell,
softened 35%
XV-1245-5 | 70-80 T D 1 430% vuiume swell,
softened 92%
TFNM-TFE | 70-€0 71D 20 174% volume swell,
(Trifluoro- poor elastomeric
nitroso- properties, different
methane oven cures reduce
tetrafluoro- swell to 48% but ret
ethylene) poor elastomeric
properties
Viton A 55-60 3| D 11 Dissolved
Viton B 63-67 30! D 4 i81% volume swell
(Stillman Ex
T74M-1)
Parker 63-67 3| D 4 202% volume swell
V404-7

a -- Nefinitions of ratings are given on page 4-14.

AFPTC TR-61-32 5.25
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETALS WITH NoO4

MATEHIAL

FLUORO
RUBDERS
(CONT)

Formulas
75-79, 84,
85 and 94-
99

Kel-F 3700,
5500

Stillman
TH 1057

FLUORO
SILICONE
RULDERS

LS 53
Formuias
55-687 and
80-83

L8-63

Hadbar
Series
58789-23

58780-23GT

MISCELLA-

70-80

65-65

§5-65

63-67

70-80

63-67
70-80

63-67

55-60
55-60

un

D
D

STATIC EXPOIURE

|

VAo

15
15

Fluoro rubbers with
added fillers did acf
reduce volume sweil
below 199%, poor to
good strength reten.
tion

>> 300% volume sweil
in 45 minutes

205% volume swell

> 200% volume swell

Fluorosilicone rubbor*
with added fillers did
not reduce volume
swell below 120%

172% volume swell
> 185% volume swe!l

145% volume sweli

a — Definitions of ratings are given on page 4-14,

AFFTC TR-61-32
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETAILS WITH N9Oy4

SECTION 5.0
N2O,

MATERIAL TEMPERATURE STATIC EXPOSURE
LIQUID | VAPOR
7
DEGREES /
FAHREWHEIT %
] 9
’/ w é
© @
& / 43" REMARKS
MISCELLA-
NEQUS
RUBBERS
(CONT)
Hypalon 55-60 - D 15
Cohriastic | 55-60 - D 15
500 (Stlicone
Silicone O- | 55-65 63| D 19 Core shredded
ring with
Kel-F Cover
LUBRICANT:
DC 11 63-67 14 C 40 14 (> wWashed off in liquid,
partly in vapor
DC Hi Vac 63-67 14 C 40114 C Washed off in liquid,
partly in vapor
$5-60 3] D 11 Dissolved
Rayco -30 | 55-80 3! D 11 Decomposed
Grease
Kel-F 90 55-80 30 D i1 Dissolved
Polygylcol | 63-67 141 D 4 Reaction
Oils
L-1111-0il | 63-87 14 C 4 2 - Phase layer
washed off
Molykote Z | 65-80 | 30 A | 11 Satisfactory
Drilube 703 | 55-60 30 A 11 Satisfactory
Electrofilm | 65-60 | A 11 Satisfactory
66-C
TMSF-1,3,3]| 65-60 | so| D | 11 Crysiallized
QC-2-3G33 | 55-60 |l D 11 Broken up
QC-2-0026
Dow

a — Definitions of ratings are given on pags 4-14.
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETALS WITH NgO,4

MATERIAL TEMPERATURE STATIC EXPOSURE
LIQUID |  VAPOR
DEGREES
FAHRENHEIT
A&
Y
LUBRICANTS
(CONT)
Rayco -32 | 55-60 ! DI 1 Decomposed
Grease
Halocarbon | 63-67 i4 C 4414 (o] Washed off in liquid,
Grease partly in vapor
Nordccseal | 70-80 - C 14,18 Used satisfactorily
147 and 421 for hardware
assembly
THREAD
SEALANTS
'Nao4-ea1ant 70-80 | 0| A} 1 Satisfactory
160 T A 1 Satisfactory
Rcddy Lube
100 63-67 141 A 14 A Satisfactory
200 63-67 1) A 14 A Satisfactory
Waterglass | 63-67 141 A 14 A Satisfactory
Graphite
Vydax A 63-67 14| C 4|l 14 Cc Partially washed off
ADHESIVES
Armsirong | 55-60 0| D| 11 Fell apart
A-8
EC 847 35-60 30| Dj 11 Fell apart
HT 424 55-C0 36y Dj 1 Fell apart
CERAMICS
Temporell | 55-€0 3] ¢ 11 Slight precipitate
1500

a — Definitions of ratings are given cn page 4-14,
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COMPATIBILITY OF NONMETALS WITH NyO4

TABLE 5.2 (CONT)

SECTION 5.0
N0y

MATERIAL TEMPERATURE STATIC EXPCSURE
LIQUID } VAPOR
e
DEGREES
FAHRENHEIT .{o % >
* 2 S
Y Y TN
N K QQ & <)
S/ /SIS /S remancs
CERAMICS
(CONT)
Saucreisen | 55-60 30; A1l Satisfactory
P-1
Sauereisen | 55-60 30| C |11 Slight preciptiate
3i
Sauereisen | 75 - D 4 Dissolved withia 10
47 minutes
Rockflux (L) - Ci 4 NgO4 was absorbed,
slight lifting from
conerete
PAINTS
Epoxy No.1 | 55-60 3| D (11 Dissolved
Moditied £6-60 30! DIt Digsolved
Epoxy No.5
Epoxy No.7 | 55-80 ! D! Dissolved
Epoxy No.9 | 565-60 | D |11 Stripped off
Epoxy 6809 | 55-60 30| D11 Dissolved
Alkyd No.4 | 55-60 | DI Dissolved
Polyurethanq §5-60 | DN Strippad
Catalac
Primer and| 63-67 10| D | 4 Paint lifted within
Finished on minutes
Mild Steel
Improved | G347 - D | ¢ Paint lifted, and
blistered within 2
minutes
Acrylic §6-60 30| D1 Dissolved
Nitro-Cellu-
lose
Vinyl 55-60 3| pi11 Blistered

a — Definitions of ratings sce given on nage 4-14,
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TABLE 5.2 (CONT)
COMPATIBILITY OF NONMETALS WITH NgOy4
MATERIAL TEMPERATURE WTATIC EXPOSUAE
LDy VAPOR
DEGHELS ’
FANEENHEIT /# { &
o o
o & ‘J
j A -S"‘I o REMARKS
pans
Fiimer A=00 | & Hrippes ol
Wlan“"uﬂm
I'ygom h p | 4 Blistered within &
' il

Co-Polymsr| T8 - (L0 A Diasclvsd i 1 =l
P-200n 1 utes
L8 b b ™ . bl a4 Heaslsd pnd dissalvesd
Frimer within 3 mimiten
Corrneite ™ I - Bloa Blisteeed within 0
Claas B mirmkes

o f
TH 4 =80 3| D1 l DHlmmc] vt I
ETV 5. 8 i) b1 Dass]vad
Epon e |S8-00 | | 0|1 Diusalved
Pwrapiag Be-00 | W) D |11 Dilmgalvand
P43
Prossel Tl | 5580 0| B |1 Dasaived

G3-80 M| Dl Partiaily dissolwd

alna
Crystal M &) 85-80 | b0 | © |11 Limlied wes anly
CF

a — Definitions of ratings are given on page 4-14.
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TABLE 5.2 (CONT)

COMPATIBILITY OF NONMETALS WITH NgO4

SECTION 5.0
N20y4

a — Dcfinitions of ratings are given on page 4-14.

AFFTC TR-61-32
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Juhns sl 1| ol Baits formeid
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Mis, 80
Craphitar
"o, 3 ur..ul sa| Al
Ho. 58 aos | 20| A [w
Garlock P00 | 18-00 | 30| D 11.1‘ Bungie delamingesd
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53 EFFECTSOF NZO‘i ON MATERIALS OF CONSTRUCTION

Tabie 5.3 mentions materials trequently used tor construction. Included are the compati-

bility results of short exposures to N20 4 vAPOrS and to watered N204. Reference 4 gives the
details of these tests in which coatings and/or surface ireatments were applied to various ma-
terials to ascertain resistance to Nzo 4 spills. Of the organic coatings, none exhibit sufficient
resistance to N20 4 Water glass protects concrete from N204 and from nitric acid which is

formed when Nzo 4 combines with water.
TABLE 5.3

COMPATIBILITY OF CONSTRUCTION MATERIALS WITH N204

Temperature
Material (°F) Exposure Time Remarks
Birch Wood () 30 min Surlace darkened; attacked
at HgO-N204 interface
Concrete
Bare % 1 hr 42 min Concrete attacked
Coated with water glass ([ 1hr No apparent reaction;
aftords protection
Coated with water glass 7 80 min Reaction at HoO-Ng0Oy
and floor enamel (Esco interface after 8 minutes;
Brand 41138) strippcd to water glass
Coated with water glass % 3 min Only paint removed
and Chex-Wear floor
enamel
Coated with Rockilux (it 1hr 15min  NgOg absorbed; adhesion
weakened; material turned
white
Mild Steel Coated with
Tygon K paint 75 20 min Paint blistered
Catalac, improved % 10 min Paint blistered; lifted when
totally immersed
Co-Polymer P-200G % 2 min Dizsolved immediately
Sauereisen 47 75 10 min Dissolved
(4 coatings)
CA9747 Primer Paint 5 2 min Reaction and discoiored
immediately
Corrosite Clear 581 75 30 min Blistered

AFFTC TR-61-32 5-32
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5.4 EFFECTS OF CONTAMINANTS ON I\'204

Traces of type 347 SS, 6061 aluminum alloy, and lint may be found as contaminants during
missile sys:ems manufacturing. Tn determine the effects of such contaminanis on NzO g Quau-
tities of lint and shaviugs of type 347 SS and 6061 aluminum alloy were exposed to N20 4 at 70°F
for seven days. No severe pressure build-ups were encountered during these tests and the
NZO 4
bines with Nzo 4 to form dilute nitric acid vhich exhibits more-corrosive properties than Nzo n

composition was unchanged (Reference 19). Water is a serious contaminant since it com-

Alsc, the preserce of organic compound, such as alcohols, acetones, and gasoline, are undesirable

contaminants because of their reactivity with N204.

AFFTC TR-61-32 5-33



R e B A S

AFFTC TR-61-32

5.34



~t

SECTION 6.0

PROPELLANT HANDLING



promi  meet

u._A‘
*

SECTION 6.0
50/50 FUEL. BLEND
AND N0

SECTION 6.0

PHOPELLANT HANDLING

8.1 FIRE FIGHTING

The 50/50 fuet blend is flammable in both liquid and vapus states. Since the vapor over the
fuel blend at 72°F is predominant'y UDMH (Reference 3), the flammability hazards of the mixture
are the same as for UDMH. Based upoi the lower limit of flammability of UDMH, 2.3 volume
percent in air at one atmosphere and 5°F (Reference 23), the fuel blend vapors are flammable in
air in concentrations from 2.3 to 100 volume percent. Thus, mixtures within these limits can be
ignited by electric spark, hot wire, or open flame.

Large quantities of water shouid be used to extinguish fuel blend fires. Based upon the flash
and fire point data reported in Section 2.0 of this handbook, a dilution of three volumes of water to
wo volumes of the fuel blend is required to increase she flash and fire 1.cint temperature in air to
160°F.

-r

Atlantic Researca 7. ipuaation (Roference 45, nns ignueroiiquid Nzﬂ , and UDMH at 80°F with
a jet of Nzo 4 vapor. Similar tests were conducted with each fuel diluted w;th water until no ignition
occurred. No ignition orcurred when the Nzﬂ 4 was less than 60 volume percent and when the UDMH
was less than 70 volume percent. Based upon these tests and the fiash and fire points data given in
Section 2.0 of this handbook, all fuel blend spills at 80°F should be diluted with water to a concen-
tration leas than 63 volume peresnt., Thic dilution will preclude fires caused by electric spark, hot
wire, npen flame, or Nzo‘ vapors.

Atlantic Research Corporation also reported that water sprays directed at fuel fires supported
by air or by Nzo4 vapors are more effectivc extinguishing sgents than foams.

Nitrogen tetroxide is a stable, nonflammable, shock-insensitive compound. Alone, Nzo 4 will
not burn, but its vapors will support combustion. If fire supported by Nzo‘ occurs, shut off the
Nzo 4 supply and use a extinguisher that s compatible with the burning material.

The explosivity of ine iiquid phase reaction between the 50/50 fuel blead and N204 is discussed
under Flammability and Exploaivity, Section 8.C of this handbook.

AFFTC TR-61-32 8-1
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6.2 FUEL MIXING

As mentioned under Physical Properties of 50/50 Fuel Blend, Section 2.0 of this handbook,
UDMH and NZ‘ 42" miacible in all proportions. However, becausc their densities di . for, they are
easily layered, UDMH above the NZH 4

With sufficient agitation, the N2H 4 and UDMH are readily mixed so that the smallest unit volume
of the mixture contains as many molecules of each component as every other unit volume., Upon
attaining this state of mixing, there is no tendency whatever for the compounds to separate provided
that the more-volatile UDMIT is nol permitted tv evaposatc irom the vessel. The same forces that
cause the layered components tu mix will assure the permanence of the completely blended mixture.
This does not mean that NZH 4 and UDMH cannut be separated, but separation can be accomplished
only by the transfer of energy in certain types of physical processes (fractional distillation) and

chemical processes (formation of chemical derivatives) (Reference 1).

Under conditions where only partial mixing has occurred, strata of different compositions and
densilies can exist, Gravity will cause these strata to rise and fall in relation to each other. How-
ever, this phenomeunon carnot be interpreted as a separation of the compounds because complete
mixing was never atiained. Thus, any condition shoit of coniplate blending cuni i be tolerated »nd

Y

the measures required to effect complete blending must .ot he negiected (leicrence i,

When N2H 4 and UDMH are mixed, small bubbles of dissolved gas zre formed, there is a de-
crease in temperature, and the mixture occupies a smaller volume than the original combined
volume of both. The shrinkage in volume is partly due to the drop in temperature; however, [reshly
mixed fuel blend that is allowed to warm to the temperature of the unmixed components still incurs
a shrinkage of about 1.6%. The additional shrinkage is due to some form of loose bonding be-
tween the Nzﬂ 4 and UDMH molecules which results in a more-compact molecular arrangement

when the two are mixed (Reference 1).

Quaniitics ui fuel were mixed using various mixing techniques as discussed in the following
paragraphs.

8.2,1 Mixing by Agitation

Approximately 35 gallons of the fuel blend were mixed by adding Nzﬂ 4 tc UDMH in a
type 304 SS 55-gallon drum (Reference 2). Mixing was accomplished by first rolling the drum on
its side then end over end for 15 minutes.

68.2,2 Mixing by Diffusion
Approximately one pint of Nzﬂ 4 V28 added to on equal amount of UDMH in a glass

container, The fuel mixture remained undisturbed except for sampling. After 50 days, a homo-
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geneous mixture through diffusion was obtained (Reference 4). This method is not recommended
for use because of the time element and the uncertainty oi its effectiveness when blending large

guantities.
6.2.3 Mixing by Mechanical Stirring

Approximately one quart of fuel blend was mixed in a giass container. Mixing was
accomplished in a nitrogen atmosphere with a glass stirrer turning at 760 rpm for five mirutes
and 1 rpm for 72 hours. The ratio of the arca of the stirrer (2.5 in. ) to the volume (48.7 in. )
of ihe biend was 0.05. If this technique i¢ feasible for large-acale mixing, it can be used with

SucCcCess.

6.2.4 Mixing by Gas Bubbling

Approximately one quart of fuel blend was mixed successfully with a nitrogen gas
stream. This method is not recommended because UDMH losses are incurred during the opera-

tion (Reference 4).
6.2.5 Mixing by lmpingement

A mixing chamber similar to that descrihed by W. R. Ruby (Refercnce 26) was used
to mix laboratory quantities of the fuel blend. Photographc of the apparatus and 2 detailed pro-
cedure is presentcd in Refr rence 4 Vixing waz accomplished when two streams of UDMH im-

pinged tangentially with two strcams of Nzﬂ "

Wyle Laboratories (Reference 37) successfully mixed approximately 41,000 pounds
(110 drums) of the fuel blend by recirculating the fuels through a blender (which caused mixing
similar to the impingement technique) and into a storage tank. Following the initial transfer of
each fué! into the storage tank, two centrifugal pumps provided continuous circulation through the

blender for approximately twc hours before mixing was accomplished.

Aerojet-General Corporation (Reference 1) also has blended thousands of gallons
of the fuel blend by pumping the fuel components simultaneously from each tank into 2 concentric
nozzle containing a swirling mechanism to enhance mixing, and then into the fuel blend storage
tank.

6.3 FREEZE AND THAW OF 50/50 FUEL BLEND

A laboratory test was conducted to determine the effect of alternate freezing and thawing
of the fuel blend. The apparatus used, a desc ription of the test procedure, and the dctailed test
results are presented in Reference 2. Results of these tests indicate that the fuel blend separates
when subjected to freezing and thawing conditions. When freezing occurs, the Nzﬂ 4 solidifies
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first because its freezing point 18 35° ¥, The solid N?H 4 particles tend to fall to the bottom be-
cause they are more dense than UDMH. Since analyses indicate that separation occurs, fuel

blend subjected to {reezing point temperature should be re-mixed prior to use.

6.4 STORAGE

Fuel blend wag stored for six months at 60° +5°F in a two-quart 1100 aluminum alloy tank
and a one-quart Pyrex glass bottle, No fusl decomposition was detected in either container

(Reference 4).

Spectral analyses of the fuel blend in a one-quart Pyrex glass bottle gave no evidence of

fuel blend separation after three months (Reference 4).

The fucl hlend was stored in sealed Pyrex glass ampules at 200°F for 12 weeks (Ref-
erences 2 and 4). Employing the weight loss technique for measuring fuel decomposition re-
sulted in inconclusive data. However, spectral analyses and visual examination of the fuel
indicated no significant change aiter the storage period. Also, no positive pressure was
detected when each ampule was opened. These observations indicate no decomposition.

Low-temperature and high-temperature storage tests were condvets:i with N.O . AMed
Chemical Corporaticn reports that Nzo4 was storad vat-ui-teors io 2 oo 7l earben stecl 200
tainer for nine years at teinperatures ranging from 68° to 100°F. Post-test analyses showed

no change iu propellant composition.

In another test, Nzo 4 ¥as stored in 10-galion tanks made from PH 15-7 Mo stainless
steel and 6061-T6 aluminum salloy for six months at temperatures ranging from 0° to 100°F.
Chemical analyses after the test showed no change in propellant composition and a visual
examination of the interior of the tank indicated no metal attack (Reference 19),

For three months, N,0, was stored at 270° :110°F in two-quart tanks made from PH 15-7 Mo
and 347 SS and from 6061-T6 aluminum alloy. The Nzo4 remained unchanged except for a trace
of nitric acid found by spectral means and an indication of the entry of water. Visual examina-

tion of the tanks disclosed salt deposits.

In the foregoing high-temperature storage tests, moisture was prevented from entering the
system to preclude ihe Iormation of nitric acid from tiie sz' e The acid in turn would have re-
acted with the stainless steel and aluminum alloy to form nitrates that are insoluble in N204.

Because titanium tends to react with oxidizers such as RFNA (Reference 27) and fluorine
(Reference 28) to form unstable compounds which violently decoiupose, a one-month storage test
of N204 in a titanium tank (C120AV) was conducted at cycling temperaturea between 80° and
150°F (Reference 18). No abnormal pregsures were detected during the test period; at the con-
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clusion of the test, a 50-pound weight was dropped from a height of two feet ontn the tank to de-
termine if shock-sensitive deposits had formed. No reaction to this shock was observed. The
chemical composition of the NoO, remained unchanged and examination of the tank interior

shcwed no signs of deposits,
6.5 CLEANING AND FLUSHING

Field experience with missiie systems indicates that components such as valves, flow reg-
ulators, lines, fittings, and filters which have been serviced and/or uscd with propellants should

be decontaminated prior to being set aside for down-time or storage periods.

Bell Acrosystems evaluated various flush procedures for 90 days storage using RASCAL
thrust chamber bipropellant valves (Reference 4). A crcss-section of the valve and a list of the
flush procedures are given in Reference £, The best flush procedure for the oxidizer system
proved to be a tri-liquid flush and, for the fuel system, an alcohol flush.

The tri-liquid flush procedure involves water inhibited with chromium trioxide, methanol,

and methylene chloride. The water dissolves any metal nitrate salts and removes excess Nzo &

- at-lane chloride combines with residual methanol. The final purge with warm nitrogen easily

y2pus.228 the low-bolling methylene chloride,

For the fuel system, an isopropanol or methanol flush procedure is recommended. The
fuel blend is soluble in either of these alcohols, Briefly, the flush proceduse 1s as follows:

(1) Drain the propellants and purge the valve with nitrogen gas.

(2) Flush the oxidizar system with inhibited water, cycling the valve ten times
(15 seconds open and 15 seconds closcd).

(3) Flush Lhe fue! system with isopropanol or methazol, cycling the valve
ten tinies (15 seconds open and 15 seconds closed).

(4) Flush the oxidizer system with methanol, cycling the valve ten times
(15 s=conds open and 15 seconds closed).

(5) Flush the oxidizer system with methylene chloride, cycling the valve ten
times (15 seconds open and 15 seconds closed).

(6) Purge the oxidizer and fuel systems dry with warm nitrogen (140° to 160°F),
cycling the valve ten times (15 seconds open aid 15 seconds closed).

The cycling time may be extended, depending upon the complexity of the systeius.
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Aerojet-General Corporation (Reference 1) is evaluating a liquid flush procedure for flight
test engines. Triethanolamine solutions with various additives are heing used to neutralize
residual oxidizer and hydroxyacetic acid solution, and variovs additives are being used tc
neutralize tie residual fucl. The flush procedure they used after acceptance lesting is as

follows:

(1) Drain propellants,

(2) Open tiirust chamber valves and place plug in nozzle of the thrust chamber.

(3) Fill and drain fuel and oxidizer systenis simultaneously wiih waier.

(4) rill and drain oxidizer systen three times with alkaline (triethanolamine)
neutralizing solution,

(5) Fill and drain fuel system three times with acid (hydroxyacetic) neutralizing solution.

(6) Fill and drain fuel and oxidizer systems simultancously with water,

(1) Fill and drain fuel and oxidizer systems simultaneously with alcohol for drying.

(8) Purge fuel and oxidizer systeras dry with hot nitrogen gas.

Several pickling and degreasing procedures were applied to type 316 SS and 2014-T6 alum-
inum alloy coupons that were partly immersed in the 50/50 fuel blend at 160°F for about two
months. Sume of the aluminum alloy coupons were welded. These tests were conducted to de-
termine whether or not certain degreasers and/or pickling solutions would result in severe

discoloring ~f the metal coupones or the fuel blend (Keference 4).

Three pickling procedurer and three degreasers were applied to 2014-T€ covpons. The
pickling precedures used are described in Reference 4. The degreasers used were trichlor-
ethylene, trichlorethane, and Arseco (a safety solvent principally containing kerosene). Each
test coupon exhibited good corrosion and was assigned an " A" rating. The fuel blend was un-~
affected and only slight staining was detected on the surface of the coupcn.

Type 318 S8 welded and unwelded coupons were acid-pickled and then degreased with
trichlorethylene, trichlorethane and Arseco. The pickling procedure used is described in
Reference 4. Agaln, thc fucl blend was unaffected and the corrosion rates merited an "A"

rating. Slight staining was observed in the vapor phase.

AFFTC TR-61-32 6-6



]

SECTION 7.0

SAFETY



SFCTION 7.0
50/50 FUEL BLEND

SECTION 7.0

SAFETY

7.1 NOMINAL 50/50 FUEL BLEND
7.1.1 Healith Hazards

Generally it is suggested that any handling mishaps or similar situations be treated as
though caused by UDMH or N2H 4 alone, depending upcn which cf the two fuels causes the more
serious effects,

Arthur D. Little, Inc. has reported on fuel blend toxicity (Reference 29). Arimal
experiments conducted at ADI failed to show significant synergistic effects causad by tie combined
toxicity of UDMH and Nzﬂ ¢ The M.A.C.% value for Nzﬂ " is 1 ppm and for UDMH it is 0.5 ppm.
ADL graphically {llustrated that when the vapor is contaminated with 0.25 ppm UDMH, the maximum
allowable NzH " is 0.5 ppm (see Figure 7.1). Regarding short-term exposure, Dr. Leslie Silverman
of the Harvard Medical Schoui of Public Health has suggested that the M.A.C, value can be excecded
salely by u factor of ten watn the U/ ov 1uei bieuu ior @ i0-minute period. Dr. E, C. Wortz (Reference
45) of The Martin Company has calculated data to show that the M.A C. value can be sxceeded by 2
factor of five for each fuel separately. Dr. Wortz's data is considered as safe short-term exposure
limite,

Studies of the effects from repeated exposure of rodents and dogs to UDMi! vapor were
conducted at the Army Chemical Center (Reference 42) io ubtair data for estimating the quantity of
toxicant to which man may be exposed without harmful effectc. Based upon the results of these ex-
periments, the M.A.C. ¢f UDMH vapor for man should be well below 5 ppm. Uniil more data and
experience are available, 0.5 ppm should be used as a guide to good industrial handling and safe
practice.

Experience with human exposure to N2H 4 and UDMH is limited, but cases of delayed
and possibly curzulative conjunctivitis have been reported among men in plants manufacturing
Nzll " These employees complained of nausea, dizziness, and headache. The occurrence of
dermatitis also was reported.

a=- Maximum Allowable Concentration. These ropresent values to which man can be exposed for a
normal working day, day after day, without adverse effects upon his health,
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Figure 7.1. Combined Tclerabie Vapor Contamination

In sufficient amounts, UDMH is toxic by inhalation, ingestion, and skin contact produc-
ing several significant systemic effects. In addition, it produces local irritating effects upon the
eyes and the respiratory tract; UDMH has little or no local effect on the skin, but is readily ab-

sorbed into the body by this route.

7.1.2 Protective Clothing

Personnel handling the fuel blend should wear protective clothing. In general, rubber

suits, boots and gloves, and hoods will suffice. The recommended protective clothing is:

M
@
@

@
()
(6)
M
®

Boots and gloves - GRS rubber.
Gloves, vinyl-coated, type R-1, under specification MIL-G-4244 (Reference 30).

Gloves, Bluettes, DuPont neoprene rubber, Pioneer Rubber Company,
Willard, Ohio.

Gioves, Edmont, Cadel style, 7897, Edmont Inc., Coshocton, Ohio.

Suit, vinyl-coated fiberglass, inner type MA-1, MIL-8-4553 (USAF) (Reference 30).
Suit, MIL-5-12527 (QMC) (Reference 30).

Polyethylene clothing may be used (Reference 30).

Fiberglass clothing impregnated with Teflon or Kel-F (Referencc 30),
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When eatering an area where a high concentration of fuel blend vapor is present, a self-
contained air source such as a Seott Air-Pack shoulid be woiii., A canisier-type protective hreath-
ing apparatus is effective up to 30 minutes for contamination 'evels up to 10,000 ppm (Reference
29).

Large quantities of the fuel blend should be transferred in ciean, closed metal systems,
The fuel blend should be blanketed with nitrogen at all times.

7.1.3 First Aid

Skin areas splashed with the fuel blend should be washed copiousiy with water. The eye,

if contaminated, si.ould be flushed copiously and thoroughly with water.

Personnel suspected of inhaling fuel vapor poison should leave the contaminated area
and hreathe deeply of fresh air. If fuel is taken internally, induce vomiting. Individuals over-
exposed should be examined by a physician; regular nandlers should be examined by a physician

periodically.
7.1.4 Disposai

Leaks or spills of fuel blend should be dealt with only by persounel wearing adequate
protective equipment. Dilution with minimum quantitics of water, {lushing down drains into catch
basins, should be accomplished as soon as poscible. Minimum quantities of water are recom-
mended so that the diluted fuel eventually may be disposed of by burning.

During testing at Bell under another program, an undetected UDMH spill drained into
a nearby waterway. Shortly thereafter, dead fish were reen floating on the surface of the water.
Stale water pollution authorities attributed the dead fish to UDMH which eventually led to exten-
sive testing by the Water Pollution Control Board and the U. S. Public Health Service. These tests
revealed that one ppm of UDMH and/or Nzn 4 had an adverse effect upon fish (Reference 31). Be-
cause of this, steps were taken at Bell to destroy UDMH and/or Nzl-l " Subsequently, caicium
hypochlorltea was used for the chemical destruction of small quantities of UDMH and Nzl-l 4 prior
to draining into a public waterway.

Because the fuel blend in water can nave adverse effects on fish and animals, it should
not be added deliberately to drainage ditches or ponds. Bulk quantities should be collected in
suitable containers for burning. When the fuel biend enters drainage systems by accident, it must
be reduced to safe limits by addition of a chemical such as calcium hypochlorite which will decom-
pose the blend (Reference 32).

a - Calcium Hypochlorite Needed: 1.8 Ib/gal of solution containing 1% by weight N,H ; 0.8 1t/izal
of solution containing 1% by weight UDMH.
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R. W. Drake of The Martin Coropany has prepared a procedure for fuel blend disposal.
When a water solution contains 1% or less fuel blend, calcium hypochlorite is used to destroy the
fuel chemically; fuel concentratiuns in the range of 1% to 40% are burned in a furnace; fue! con-

cenlrations greater than 40% are burned in air.
7.1.5 Detection Devices

A portable detection kit for fuel, manufactured by the Mine Safety Appliance Company
of Pittsburgh, uses a colorimetric test specific for UDMH. This device car measure quantities
of UDMH in waste water and air samples (Reference 1). The range of this deteciur is 0 to 10 ppm.

Another device, mauufactured by the American Systems, Inc., is reported capable
of measuring small quantities of UDMH or Nzﬂ 4 in the order of 0.25 ppm.

However, these devices have not been fully evaluated. One problem in pariicular
concerns the effectiveness of the instruments when both fuel and cxidizer vapor come in contact

with the sensing media simultaneously.

7.2 N204 OXIDIZER

7.2.1 Healik Hazards

Dr. Tamas of the Aerospace Medical Division of WADD has indicated that, at vapor con-
centrations of 100 ppm or lower, Nzo 4 does not exist for purpuses of practical measurement, but
the vapors are primarily Noz. Even at concentrations as high as 10,000 ppm, only about 0.1% is
Ny
Devices later in this handbook, instruments that are sensitive to NO2 vapors are desirable.

O 4 at room temperature and one atmosphere, Thus, as mentioned in the section on Detection

Liquid NzO 4 spillage on the skin or splashing in the eyes causes burns similar to
those caused by 60% to 70% nitric acid. Brief contact of the liquid with the skin or other tissues
results in yellow staining; if the contact is more than momentary, a severe chemical burn will
result. The Nzo4 vapors that contact the skin are less harmful than liquid contact for a com-
parable period of time. A stinging sensation results on the skin similar to that caused by nitric
acid fumes. If splashed in the eyes, Nzo 4 Can cause blindness. Taken internally, the burn can

be sudden and severe, resulting in death (Reierence 33).

Because of its toxic effects, inhalation of Nzo‘ vapors is normally the mest serious
hazard in the handling operations. The M.A.C. of this vapor is expressed as five parts of NOz per
one million parts of air (2.5 ppm as N204) (Reference 34). Dr. Leslie Silverman (Reference 29)
of the Harvard Medical School of Public Health has suggested that the M.A.C. value can be ex-
ceeded safely by a factor of five for a 10-minute period. Also, Dr. E, C. Wortz (Reforence 3%)
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of The Martin Company has comp’:.d data for short-term exposures to NZO & for a 10-minute
period, the M.A.C. value also may he exceeded by a factor of five. The Nitrogen Division of
Allled Chemical (Reference 36) reports that a person was exposed to 158 ppm of NO2 for 10
minutes without apparent effects; this value excecds the M.A.C. by a factor of 30. Thusz, Dr.

Silverman's and Dr. Wortz's data appears to be safe values for short-term exposures,
7.2.2 Protective Clothing

Personnel handling Nzo 4 should wear protective clothing. Rubber suits, boots and
gloves, and hoods will sutfice. The protective clothing previously listed in the section on fuel
blend safety is satisfactory for use with Nzo 4 Personnel at Wyle Laboratories (Reference 37)
while wearing two-piece protective suits develeped nitric acid burns around =xposed wrists and
ankles. These burns resulted from nitric acid formation when NO2 vapors and moisture came
in contact with the skin. Recurrence of this was prevented by taping the jacket sleeves und pants
cuffs to the wrists and ankles.

7.2.3 First Aid

When liquid or vapor Nzo 4 Comes in contact with the skin, immediately wash with
large quantitics of water. When splashed into the eyes, flush the eyes with water continously
for 15 minutes, with a fellow emplovee assisting the injured by holding the eye cpen. Medical
assistance should be summoned immediately. Administration of anything else, such as neutral-
izing agents, should be done only at the direciion of a physician.

Persons exposed to excessive Ngo 4 fumes should be removed from the contaminated
area immediately. The patient should be carried and not allowed to walk because exertion in-
reages the effects of pulmonary edema. Administration of oxygen by trained personnel is de-
sirable. Personnel exposed seriously should be remcved to u hospital.

Swallowing of N,O 4 should be treated by drinking large amounts of water (or milk,
if available); medical attention should be summoned at once.

7.2.4 Disposal

Small and large quantities of Nzo 4 S8 be vented slowly out-of-doors through elevated
stacks. Rucketdyne uses a 50-foot stack from 15,000-gallon tanks for venting when atmospheric
conditions are favorable. The Nitrogen Division of Allied Chemical Corporation indicates that
quantities of Nzo 4 Can be drained or pumped into a pond where the Nzo 4 €0 be neutralized with
soda ash, or allowed to boil off, provided that the area is not populated. Neutralization should take
place prior to dumping into a waterway. Because water is only slightly soluble in Nzo o and Nzo4
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is heavier, {his process is time-consuming; the N20 4 might remain at the bottom and slowly con-
verl tronitric acid, In additior, large quantities of N20 4 May he disposed of by burning with a fuel

suci us Kerosene. Rocketdyne also burns NZO 4 near test stand locaticns with liquid petroleum gas.

7.2.5 Detection Devices

Therc are several instruments available specifically for detecting the presence of
oxides of nitrogen in air. The Kitagawa Company manufactures a portable detector for air sampling,
A dry reagent turns yellowish brown at N()2 concentrations of approximately 2.5 ppm. This instru-
ment is distributed by the Union Industrial Equipment Corporation, Port Chester, New York
(Reference 1). Mine Safety Appliance Company, Kruger Instrument Company, and American
Systems Incorporated manufacture a recording 2:vice for detecting oxides of nitrogen in the order

of 1 ppm. However, these devices have not been fully evaluated,
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SECTION 8.0

FLAMMABILITY AND EXPLGSIVITY

8.1 FLAMMABILITY

The introduction of hypergolic fuel-oxidant systems into the missile propulsion field has
created many new problems. These problems arise in part from the hazards associated with the
handiiug and storage of the fuel and oxidant in close proximity; accidental or premature contact of
fuel and oxidant (liquid or vapor phase) can result in a sudden energy reiease. In an effort to
understand the behavior of such systems under accidental spill conditions, the Bureau of Mines
and Bell Aerosystems Company agreed to study the 50/50 fuel blend-NzO4 system. A detailed
report is given in Reference 43. Briefly, four accident situations were considered:

(1) Spillage of liquid fuel blend into NgO4-air atmospheres.

(2) Spillage of liquid fuel blend onto a hot surface and subsequent contact of the vaporized
fuel blend with NgO4-air atmospheres.

(3) Contact of vapors leaking from a container of fuel blend with NgO4-air mivtures.
(4) Passage of NgO4-air-fuel blend mixtures over an external ignition source.

Spillage of liquid fuel blend into N9gO4-air mixtures was investigated over u range of tempera-
tures by determining SIT at approximately one atmosphere in an apparatus described and discussed
in Reference 2. The SIT is plotted versus NaO4 concentrations in air for liquid fuel blend, NaHg,
and UDMH (Figure 8.1). The short horizontal lines on the curves in this figure represent the un-
certainty of the NgO4 concentration measurement. In addition, the dew-point line for NgOy4 is
plotted (Reference 4).

The results given in Figure 8.1 show tkat the SIT of the fuel blend, Nzl-l " and UDMHY differ
little for NgO4 concentrations below 6%. Above 6% concentration, the SIT of the iuel blend is less
than that of N, H,; above an NzO4 concentration of 9%, the SIT of the fuel blend is greater than that
of UDMH. Thz double-valued nature of the SIT curves at the lower temperaturee is due to the shift

in N9Oy4 equilibrium with decreasing temperatures.

AFFTC TR-61-32 8-1



SECTION 8.0
56/50 FUEL BLEND
AND N,04

T i o ' T T
IR !m z |1'E LEEEH-D =k "!

-

TEMPERATURE —
°
F

N204 CONCENTRATION - vol %

Flgure 8.1. Spontaneous Ignition Temperatures of Liquid 50/50 Fuel Blend, N2H4, and UDMH
in Contact with NgOg4-Air Mixtures at 740 +10 mm of Hg as a
Function of N20O4 Concentration
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Spiilage of vaporized fuel blend iuto NgOg4-air mixtures was investigated using the rame
apparatus. The Lests were conducted by injecting N9Og4-air mixture into an atmosphere of vaporized
fucl blend-air mixture held at a specified temperature. Since vaporized fuel blend reacts with air,
the residence time was held to one minute before injection of the NyO4-air mixture. The results
shown in Figure 8.2 correspond io trials in which this residence time was used. The vertical
arrows in the figure correspond to combustible concentrations below which igniiions were not

ohrained at temperatures up to 550°F.

Figure 8.3 shows a comparison between the SIT of vaporized fuel blend and UDMH in contact
with 1004 NpOq vapors. The vertical dotted lines in Figure 8.3 represent the lower limits of
flummabi’ity fo: each of the two combustibles in air at the maximum temperatures at which spon-
taneous ignition uf each combustible air mixture was obtained in NgOy. The UDMH curve, unlike
the fuel blend curve, extends to a combustible concentration equal to its lower limit of flammability
in air at 360°F; the lower limit of flammability of the fuel blend is below the lower concentration
limits at which spontaneous ignition occurs. This behavior may be due to the air oxidation of the
NyH4 vapors in the vaporized fuel blend before the addition of NgOy4.

Spountaneous ignition temperatures were detcrmined for the equilibrium vapors cf liquid fue!
blend in contact with NgOg-air miatures. Liquid fuel blend was evaporated at consiant pressure
from a vented container for a period of time sufficient to ensure vapor-liouid equilibrium. A
mixture of Ng 0Oy and air at room temperature (about 77°T) was injected into this vapor-air
atmosphere and any ensuing reaction was noted. Suificient liquid fuel blend was used to ensure
that no appreciable change in its composition would occur, Results plotted in Figure 8.4 show the
relation between the temperature of the equilibrium ignition and the composition of the NgOg4-air

mixtures which are injected into the hot vapors.

The vapors of NgH4 and UDMH from the fuel blend react in contact with NaO4 to produce a
dense white cloud of fine particles, gaseous and solid. Such reactions were observed over a wide
range of fuel concentrations at pressures as low as 2 mm of Hg. Because of this, flame propaga-
tion (flammability) tests conducted on NgH4 and UDMH in N204-air mixtures are, in reality, tests
on the reaction products. The only combustibles found in the gaseous products were ammonia and

hydrocarbons.
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Figure 8.2. Spontaneous Ignition Temperatures of Vaporized Fuel Blend and Ali Atmospheres
in Contact with Various N3O4-Air Atmospheres at 740 +10 wum of Hg
for Residence Times of One Minute
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Figure 8.3. Spontanzous Ignition Temperatures of Vaporized (A) Fuel Blend-Air and (B) UDMH-
Air Mixtures in Contact with 100% NgO4 at 740 ::10 mm of Hg
as a Functicn of the Combustible Concentration in Air
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Figure 8.4. Vapor-Liquid Equilibrium Temperatures of Fuel Blend Required for Spontaneous
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In the absence of NgOy4, the vapors of NgH, and UDMH form fiaramable mixtures between 2.3
and 5.0 volume percent of the combustible vapor in air. The lower limilg of flammability of NoH -
UDMH mixtures were calculated by using LeChatclicrs' Law (Refecence 38). Results of these cal-
culations :re given in Figure 8.5 where the lower limit concontration of combustitle vapor (NgHg4
plus UDMH) is plotted as a fun::lion of the concentration of UDMH in the combustible, Because of
the high dew point of NgHy, nct all of the vapor-air mixtures represenied by points 5u the curve
in Figure 8.5 are physically possibie at 77°F and one atmosphere of pressure. Noie that the por-
tion of the curve rorresponding to impossihle vapor-air mixtures is dotted. The vertical line in
the figure represents a combustible vapor coinposition equal to that of the fuel blend. To determine
the lower limit of flamanability of a realisiic vapor-air mixture from Figure 8.5, the vapor com-
position must he known  Accordingly, the presgure-compogition diagram for mixtures of N»yHy4 and
UDMH at 72°F was determined and plotted in Figure 8.6. The dotted line in this figure corresponds
to the vapor pressure of the fuel blend at 72°F, The interseciion of this dotted line with the vapor
curve gives the composition of the equilibrium vapors over liguid fuel blend at 72°F (80 mole per-
cent UDMH and 20 mole percent NgHg). From Figure 8.5, the lower limit of flammability for this
vapor mixture in air at 77°# is 2.6 volume percent. However, the presence of NoOy in the air tends
to increase the measured value because the NoH4 and UDMH is converted to gaseous and solid pro-

ducts not all of which are combustibles.
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Figure 8.5. Lower Limit of Flammability of NoH4-UDMH Blend (Combustible) in Air at 77°F
as a Function of UDMH Concentrations in Combustible
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8.2 EXPLOSIVITY

Testing was conducted with laboratory quantities of NgOy4 and the fuel blend

4) to determine whether or ot propellant spills would lead to detonations. In Refe
Penner distinguishes between explosions and detorations as follows. In an exploci
lease rate and/or the number cf molecules per unit volume increase with time mo
formily throughout a confined volume. A detonation wave, on the other hand, is sp
and is propagated through unreacted combustible mixtures by an advancing shock !
exothermic cliemical changes occur in such a way that the chemical heat released
support further propagation of the detonation wave.

A closed chamber, approximately 1/150-scale version of the actual Titan II
propeliant spill tests (References 2 and 4). Spills were conducted with laboratory
and fuel blend at various mixture ratios with fuci leads und oxidizer leads. The la
combined propellants spilled into the chamber at a 2:1 mixture ratio was 0.1 pound
this mixture ratio, when 0.066 pound (3¢ grams) of Ng04 was added to 0.033 pound
fuel bleud, an explosion occurred damaging the test chamber.

Based upon these tests, the following facis are presented:

(1) Spmage of these propellants may cause explosions, but not detonations.
{2) An increase in propellant quantity increases the reaction violence.

(3} For the most part, spills are more rcactive when fue) is added to the ox
the oxidizer is added to the fuel at identical quantities and mixture ratio

Multiple spill tests were performed by Rocketdyne (Reference 40) on the Tits
Spills were conducted with 50 and 300 pounds of propellants in simulated Titan I of
scale and 1/18-scale versions)., A 2-to-1 oxidizer-to-fuel ratio by weight was use
The following spill conditions wera employed: simultaneous spills into a dry silo,
spills, fuel lead spill, and ane simultaneous spill into water. Small-scale spills on

concrete also were conducted with 2.5 pounds of propellants. The data reported by
indicates that all explosions result from vapor phase reactions. In addition, the fo

tion was reported:
(1) Silo epills with fuel leads werce less severe than with either the simultan

leads. The simultaneous spills resulted in the most violent explcsions.

(2) Increase in propeliant weight increased the reaction violence on spills m
simultaneous and oxidizer lead conditions; however, fuel leads resulted i
in reaction vioience, The maximum overpressures measured for the 30(
tesi3 were equivalent to 2 pounds of TNT; for the 50-pound spill tests, 0.
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5.2 IEXPLOSIVITY

Tegting was conducted with laboratory quantities of N9Oy4 and the fuel blend (References 2 and
4) to determine whether or not propellant spills would lead to detonations. In Referonce 39, S.8.
Penner distinguishes between explosions and detorations as follows. 1n an explosion, the heat re-
lease rate and/or the number cf molecules per unit volume increase with time more or less uni-
formily throughout a confined volume. A detonation wave, on the other hand, is spacially non-uniform
and is propagated through unreacted combustible mixtures by an advancing shock front behind which
exothernic clhiemical changes occur in such a way that the chemical heat released can be utilized to

suoport further propagation of the datonation wave,

A closed chamber, approximately 1/150-scale version of the actual Titan I stlo, was used for
propeliant spill tests (References 2 and 4). Spills were conducted with laboratory quantities of NyO4
and fuel blend at various mixture ratios with fuel leads und oxidizer leads. The largest quantity of
combined propellants spilled irto the chamber at a 2:1 mixture ratio was 0.4 pound (45 grams). At
this mixture ratio, when 0.086 pound (30 grams) of NgO4 was added to 0.033 pound (15 grams) of
fuel blcud, an explosion occurred damaging the test chamber.

Based upon these tests, the following facts are presented:

(1) Spillage of these propellants may cause explosions, but not detonations.
(2} An increase in propeilant guantity increases the reaction violence.

(3} For the most part, spills are more reactive when fuel :8 added to the oxidizer than when
the oxidizer is added to the fuel at identical quantities and mixture ratins,

Multiple spill test., were performed by Rocketdyne (Reference 40) on the Titan II propellants.
Spills were conducted with 50 and 300 pounds of propellants in simulated Titan 1I open cilos (1/10-
scale and 1/18-scale versions). A 2-to-1 oxidizer-to-fuel ratio by weight was used on all tests,
The following spill conditions were employed: simultaneous spills into a dry silo, oxidizer lead
spills, fuel lead spill, and anc simultaneous spill into water. Small-scale spills on dirt, water, and
concrete also were conducted with 2.5 pounds of propellants. The data reported by Rocketdync
indicates that all explosions resuit from vapo;phase reactions. In addition, the following informa-
tion was reported:

{1} Silo spills with fuel leads were less severe than with either the simultaneous or oxidizer

leads. The simultaneous spills resulted in the most violent explesions.

(2) Increase ih propeliant weight increased the reaction violence on spills made under
simultaneous and oxidizer lead conditions; however, fuel leads resulted in a decrease
in reaction vioieuce. The maximum overpressures measured for the 300-pound spill
tesia were equivalcut to 2 pounds of TNT; for the 50-pound spill tests, 0.2-pound of TNT.
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(1 The addition of water to the bottori of the silo reduced maximum temperatures and pres-

sures resulting from the reaction of the propellants,

The Atlantic Research Corporation (Reference 25) reported two explosions when laboratory
onto 0.033 pound (15 grams) of NoQOy, one explosion vccurred dnving five tests; however, when 0.10
pound (4.5 grams) of NgO, was spilled cnto 0.006 pound cf fuel blend, an explosion occurred for the
one tesl. No pressure measurements were reported for any of these tests since the primary pur-

pose of this work was tc study contirol ui {ires involving NgH4-type fuels with air and NpQy4.
8.3 REACTION PRODUCTS

During the spontaneous ignition temperature and flammability tests conducted by the U. 8.
Bureau uf Mines, a dense white cloud of fine particles was forined when the vapors of the pro-
pellants react. The gaseous products obtained when NgH4 and UDMH vapors and an excess of NoOg
vapors combined ware analyzed with a mass spectriscope. ‘These gasecus products are shown in
Table 8.1. An infrared absorption spectrum of the solids fiom both ~<cactions also was obtained and

the predominant structural groups and their corresponding wavelzngths are given in Table 8.2.

No specific information is available concerning the products of combustion of the 30/50 fuel
blend and the oxidizer. Only theoretical products can be predicted, such as carbon monoxide,

carbon diox:dc, water, nitrogen. and certain chemical radicals.

TABLE 8.1

MASS SPECTROSCOPE ANALYSES OF THE GASECUS PRODUCTS
OF REACTION BETWEEN EXCESS N304 AND NaH4 AND
EXCESS N2O4 AND UDMH AT 20 mm OF Hg AND T71°§

Reactants
NaH4 UDMK
Products __(mole%) (mole %)
NoO 30 35
Ng 38 34
H20 29 27
NHj 2 0
Bydrocarbons - 4
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TABLF 8.2
STRUCTURAL GROUPS ASSOCIATED WITH ABSORPTICN FEAKS
IN THF. INFRARFED ARSGRPTION SPRCTRA OF THE
SOLID PRODUCTS OF REACTION BETWEEN NgHg AND NgO4
AND BETWEEN UDMH AND NoOg4 AT 22 mm UF llg AND mer
NoHy4 UDMH
Wavelength Structural Wavelength Structural
(microns) _Groups (microns) Groups _
3.0 N-H (not H bondeA) 2.8 OH
3.1 O (H bonded) 3.2 NH, CH
6.3 ) 3.4 C-H
6.5 )r N-H (hording) 5.8 >C=0
6.2 -COOH
6.8 CH2 or CH3
1.2 RgN-N = O
7.9 RagN-N = O
9.6 RyN-N=0

AFFTC TR-61-32 8-12



AR R P T W) VRS R S
SECTION 9.0
RFFERENCES
.
1



eawad ‘—p

s

[S¥)

REFEREN(ES

SLECTION 2.0

REFERENCES

Aerojet-Genera! Coirporation, Liquid Racket Plant, "Storable Liquid Propellants Nitrogen
Tetroxide,/ Aerozine-50," Report LRP 198, Revision B, Oriober 1960,

AFFTC, Edwards Air Force Base. "Storable Propellant Pata for the Titan II Program,"
Bell Aerosystems Company, Quarterly Progress Report No. 2, FTRL-TOR-61-21,
January 1961,

3. AFFTC, Edwards Air Ferce Base, "Storable Propellant Data for the Titan I Program,"
Bell Aercsystems Company, Quarterly Progress Report No, 1, AFFTC TR-60-62,
October 1960,

4. Air Force Dallistic Missile Division, "Storable Propellant Data for the Titan II Program,”
Bell Aerosystems Company, Progress Report, AFBMD TR-61-55, June 1061,

5. Nitrogen Division of Ailied Chemical Corporation, Produrt Bulletin, "Nitrogen Tetroxide,"”
June 1958,

6. Parkes, G. D. and Mellor, J. W., "Mellor's Modern Thorganic Chemistry,” p. 423, 1946,

7. Richter, G. N., Reamer, H. K. and Sage, B. H., "Industrial Engineering Chemistry,"

45, p. 2117-9, 1953.

8. Giauque, W. F. and Kemp, J.D., Journal of Chemical Physics, 6, p. 40-52, 1938

9. The Martin Company, ''Nitrugen Tetroxide Thermodynamic Proparties," Morey, T. F.,
Memorandum No. 431-302, 21 Getober 1960,

16. The Martin Company, " Compatibility of Materials in Storable Propellants for XSM-68B
and SM-68B," Second Progress Report, ME Report No. 15, 2¢ August 1860,

11. The Martin Company, "Long-Term Exposure Effects of Storable Propellants on Materials
ior XSM-68B," First Progress Repcrt, ME Report No. 5.

12, Connecticut Hard Rubber Company, "Development of Rubberlike Matorials for Applications
Involving Contact with Liquid Propellants, Baldridge, J. H. and Inskeep, M. D,, WADC
Technical Repes 57-€51, Part I, May 1960.

AFFTC TR-61-32 9-i



b

83

14,

15.

16.

1.

18,

16.

[
(=1

21.

23,

24.

REFEPENCES

Rocketdyne, Division of North Americar Aviation, Tue., "Experimental Evaluation of
Storable Liquid Propellants in Laige Rocket Engines," R 1458, 18 December 1659

{Confidentinl),

Aerojet- General Corporation, "Compatibility Studies of Metals with Nitrogen Tetroxinc

and Acrozine-t0," Murchison, M. L., Report Ne, MM-155-3, 28 November 1850,

The Martin Company, ""Compatibility of Ma’erials in Storable Propellants for XSM-68B

Nitrogen Division of Ailted Chemical Corporation, "Nitrogen Tetroxide Corroaion
Studies," Alley, C. W., Hayford, A. W. ars Seott, Jo., H. F., WADC Technical Report
60-384, July 1960.

Defense Metals Information Center, Battelle Memoriai Institute, “Compatibility of
Racket Propellants with Materials of Construction,” Memorandum No. 65, 15 September
1880.

Aerojet-General Corporation, "Compatibility Studies of Metals with NgO4 and Aerozine-50."
Murchison, M. L. and Barton, T. F., Report MM-155-2, 11 August 1980,

AFFTC, Edwards Air Force Base, "Research and Development of the Basic Design oi
Storable High-Energy Propellant Systerrs and Components," Bell Aerosystems Company,
Final Report AFFTC TR-60-61, May 1961,

Reaction Motors, Division of Thiokol Chemical Corporation, ""Elastomeric and Compliant
Materials for Contact with Liquid Rocket Fuels and Oxidizers," Report RMD 2028-Q3,
January 1961,

Rocketdyne Letter 61RC2147 to Space Tezhnology Laboratories, Inc.

Defense Meotals Informatinn Center, Batizllr Memorial Institute, "Summary of Present
ILuniormation on Impact Scnsitivity of Titanium when Exposed to Various Oxidizers,”

- - -t o
Memosraudum Ru. 35, 6 March 1881,

U. S. Bureau of Mines, "Review of Fire and Explosion Hazards of Flight Vehicle Com-
bustibles,” Progress Report No. 2, November 1960.

Reaction Motors, Division of Thickol Chemical Corporation, "Eiastomeric and Compliant
Materials for Contact with Liquid Rocket Fueis and Oxidizers," Report RMD 2028-Q2,
October 1960.

AFFTC TR-61-32 9-2



P o
b .

[ ]
o

26,

28,

£€9.

30.

31,

3z,

(2]
.O:'

34,
35,

38,

kR

8.

39.

REFERENCES

Atlantic Rescarch Corporation, " A Study of Exiinimishment and Centrol sf Fixres Involving
Hydrazine-Type Fuels with Air and Nitrogen Tetrcxide,” Fourth Quarterly Progress

Repurt, January 1661,

Ruby, W. R,, "Mixing Machine of High Precision for Study of Rapid Resction:,” The Review
of Sciuntitic Instruments, Vol, 26, No. 5,pp. 460-462, May 1955,

Stough, D. W, "The Stress Corrosion and Pyrophoric Behavior of Titanium and itg Alloys,”
TML Report No, 84, Battelle Memorial Institute, 15 September 1957,

Air Products, Inc,, Sternew, C. 7, "Compatibility of Liguid Fluorine with Various
Structural Metals,” Blinonthly Progress Report III, November 1959,

Arthur D, Little, Inc,, "The Problems of Toxicity, Explosivity, and Correcivity Associated
with the WS 107A-2 Mark II Operational Base Facility,”" Final Report C-62653, 30 May 1960,

Liquid Propellant Safety Manual, Liquid Propellant Information Agency, October 1958,
Water Polliition Control Buard, New York State, Henderson, C.

Rovketdyne, Division of North Amcrican Aviation, Inc., ""Research on the Hazard
Classification ui New Liquid Rocket Propellants," Quarterly Progress Report R-2452-1,
20 May 1960.

Liquid Propellants Manual, Proposed Units, "Nitrogen Tetroxide,” Unit 1, LPIA-LPM-1,
Septeinber 1868 (Confidential),

American Conference of Governmental Hygienists. 1954,

The Martin Company, Wortz, E. C., ""Propellant Toxicity and Personnel Protection
Study,"” TM No. 403-2, 25 January 1960.
Lehman, K. B. and Hasegawa, Arch. Hyg. 77, 323, 1913,

AFBMO, ""Problems Encountered During Installation and Oreration of a Storable
Propellant Facility for Testing of Titan II Components and Systems," Wyle Laboratories,
AFBMD-TN-61-32, 7 March 1961,

Coward, K. F. and Jones, C. W., "Limits of Flammability of Gases and Vapors," Bureau of
Mines Bulletin 503, p. 6, 1952.

Mullins, B. P. and Penner, 8. 8., ""Explosions. Detonations, Flammability, ind Ignition,"
Pergamon Press, p. 5, 1355

AFFTC TR-61-32 9-3



44,

41.

42,

E1s
o

45,

REFERENCED

itocketdyne, Division of North American Aviation, Inc., "Resvarch ou the Huizard
Classificabion of New Liguid Rochet Propellants,” Quarterly Progress Report R-2452-4,
31 Jamary 1961,

Rell Aerosysiems Company, Inter-Office Memorandum, "NyO4 Engine Conversion
Performance,” IOM 330:61:0420- ;LW 20 April 1961.

Che-mical Research and Developmeni Laborateries, Ariny Chemical Center, "The Subacute
and Chronic Toxicity of 1, 1-Dimothythydrazine Yapor,'" Technieal Renort CRDLR3047,

January 1961,

U. 5. Bureau of Mines, "TFlammability Characteristics of Hydrazine-Unsymmetrical
Dimethylhydrazine-Nitrogen Tetroxide-Air Mivtures," Final Report No, 3808, 15 February
1961.

U.S. Bureau of Mines, "Explosive Properties of Hydrazine," RI4460, May 1949,

Bell Aerosystems Company, "Titan I Propellants Corrosion Inhibitor Study,"
Report 8156-902001, 2€ October 1960,

AFFTC TR-61-32 0-4



APPENDIX

VENDOR INDEX FOR NONMETALLIC MATERIALS



b

APPENDIX

APPENDIX

VENDOR INDEX FOR NONMETALLIC MATERIALS

CTRAMICS

Savereizen 47, 31, and P-1

Temporell 1500

GRAPHITES

Graphitar @
Graphitar 50
Johns Mansville No. 60

PLASTICS

Armalonr 7700, 77008
Delrin

Fluorobestos
Fluorogreen

Garlock 200
Genetron GCX3B
Genetron XE2B
Hypalon 20

Kel-F 300

Kel-F (unplasticized)

Lexan

Marlex 5¢
Marlex 5003
Moplen

Mylar

Nylon 31, 63, 101
Plexiglass
Polyethylene HD

Polyethylene (irradiated)

AFFTC TR-81-32

Sauereisen Cements Co., Pittsburgh, Mennsylvania
Not Known

U. 8. Graphite Co., Saginaw, Michigan
U. 8. Graphrite Co., Saginaw, Michigan

Johng Mansviile Co., New York, ivew York

DuPont, Wilmington, Delaware

DuPont, Wilmington, Delaware

Fluorocarbon Company, Fullerton, California
R. S. Hughes, Denver, Colorado

Garlock Packing Cn., Culver City, California

Allied Chemical and Dye Corp., New York, New York
Allied Chemical and Dye Corp., New York, New York

Dow Corning Corp., Midland, Michigan

Minnesota Mining and Manufacturing Co.,
St. Paul, Minnesota

Minnesota Mining and Manufacturing Co.,
§t. Paul, Minnesota

Dow Chemical Co., Midland, Michigan

phillips Cheinical £35., Raortlesyilia, Oklahnma
Phillips Chemical Co., Bartlesville, Oklahoma
Chemore Corp., New York, New York

DuPont, Wilmiugton, Dclaware

DuPont, Wilmington, Delaware

Roam and Haas Ce., Philadelphia, Pennsylvania
Visking Corp., Chicago, Illinols

General Electric, Pitisfield, Massachusetts
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PLASTICS (CONT)

Polvoronviene

Raythene N

Saran

Teflon Asbusios
Teflun Fre

Tefion Graphite
Teflon Molydisulfide
Teilon TFE

Teflon TFE Felt 7550
Teslar 30

Trithene A

Ultron

BUTYL RUEBERS

Enjay

268

551
Garlock 22
Goshen 1357
Hyray 2202
Linear 7806-170
Parco 805-70

Parco 823-70

Parker B496-7
Parker B480-7
Parker xp8u0-T1
Farker 318-70
Precision 9257
Precision 9357
Precision 214-907-9
Stillman 613-75

AFFTC TR-61-32

APPENDIX

vainpeo Division, Chicago Molded Products,
Cluceapo, Ilincis

Ifay Chem Civep, Redwond City, California
Dow Chemicai Cu., siaiand, Michigan
Fluoracarbon Co,, Fullcrton, California
DuPont, Wilmington, noclaware
Fluoroecarbon Co,, Fulicrion, California
Fluorocarbon Co., Fullerton, California
DuPont, Wilmington, Delaware

DuPont, Wilmington, Delaware

DuPont, Wilmingten, Delaware

Visking Coryp., Chicago, Illinois

Monsantn Chemiesl Co |, St, Lovis, Missouri

Enjay Co., Inc., New York, New York

Enjay Co., Inc., New York, New York
Garlock Packing Co., Culver City, California
Goshen Rubber Co., Inc., Goshen, Indiana

B. F. Goodrich Chemical Co., Cleveland, Dhio
Linear, Inc., Philadelphia, Pennsylvania

Plastics and Rubber Products Co., Los Angeles,
California

Plastice and Rubber Products Co., Los Angeles,
California

Parker Seal Co., Cleveland, Ohio

Parker Seal Co., Los Angeles, California
Parker Seal Co., Cleveland, Ohic

Hercules Facking Co., Lancaster, New York
Precision Ruhber Producis Corp., Dayton, Ohio
Prectision .- .ober Products Corp., Dayton, Ohio
Precision Rubber Products Corp., Dayt.n, Ohio
Stillman Rubber Co., Culver City, California
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FLUOROSTILICONE AND FLUORORUBBERS

Fluore!

Hadbar 08789-23Gyt
Hadbar 58789-23
Kel-F 3700, 5500

Parker 1235 Series

Parker V-494-7 (Viion B)

Silastic LS 53

Silastic LS 63

Stillman Rubbsr EX774-M-1 (Viton B)

Stilisnan ST ™77-70
(Viton A}
Stilliman TH 1057

TFNM-TFE

POLYBUTADIENE RUBBERS

Acushnet
SWK 849
SWK 850
SWK 851
BWK 422 J

Stillman EX904-90 (Hydropol)

MISCELLANEOQOUS RUBBERS

Buna N
Cohrlastic 500
Neoprene

PAINTS

Alkyd No. 4

Catalac

Chex-Wear

Co-Polymer P-200G
Corrosite Clear 581
Fpoxy 1, 5, 7, 9, and 6809
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Minnesota Mining and Maaufacturing Co.,
St. Paul, Minnesota

Hadbar, Inc., Temple, California
Hadbar Inc., Temple, Calitornia

Minnesota Mining and Manufacturing Co.,
S1. Paul, Minnesnta

Parker Seal Co., Los Angeles, California
Farker Seal Co., Cleveland, Ohio

Dow Corning Corp., Midland, Michigan
Dow Corning Corp., Midland, Michigan
Balanrol Corp., Niagara Falls, New York

Balanrol Corp., Niagara Falls, New York

Stitllman Rubber Co., Culver City, Califorma

U. 8. Army Quartermaster Research and
Engineering Center, Natick, Massachusetts

Acushnet Process Co., New Bcdford, Massachusetts

Stilman Rubber Co., Culver City, California

B. F. Goodrich Chemical Co., Cleveland, Ohic
Connectizut Hard Rubber Co., New Haven, Connecticut
Dclta Products, Houston, Texas

Not Knovin

Finch Paint and Chemical Co., Torrance, California
Benjamin Moore and Co., New York, New York
Co-Polymer Chemicals, Inc., Livonia, Michigan
Corrosite Co., Chrysler Building. New York, New York

Not RKuown
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PADNTS (CONT)

Floor Enaimel 12170
Primer MiL- P-68065
Primer CAI747

Tygon K

COATINGS AND ADHIESIVES

Armstrong A-3

EC 847

HT 424

oekilux
LYUBRICANTS, GREASES, AND OILS

Andok C

DC 11

DC 55

DC High Vacuum Grease
Drilube 703

Electrofilm 66C
Halocarbon Grease
Kel-F 90

L 111} Oil

LOX Safe

Microseal 100-1, 100-1 CG
Molykote Z

Nordcoseal 147, 421
Polyglycol Oils

QC-2-0093

QC-2-0026

Rayco 30 and 32
Rockwell-Nordstrom No. 950
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Suiiueie and Co., Buffalo, New York
Not Known
Sherwin Williams Co.. Cleveland, Ohio

U. 8. Stoneware, Plastics and Synthetic Division,
New York, New York

American Cyanamid Co., Oakland, California

Minnesata Mining and Manufacturing Co.,
$t. Paul, Minaceota

Nof. Known

Fiexrock Co., Philadelphia, Pernsylvania

Essc Standard Oil Co., New York, New York

Dow Corning Corp., Midland, Michigan

Dow Corning Corp., Midland, Michigan

Dow Corning Corp., Midland, Michigan

Drilube Co., Glendale, California

Not Known

Halncarbon Products Corp., Hackensack, New Jersey

Minnesota Mining and Manufacturing Co.,
St. Paul, Minnesota

Minnesota Mining and Manufacturing Co.,
St. Paul, Minnesota

Redel Corp., Anaheim, California

Microseal Products Sales, Torrance, California
Alpha Molykate Corp., Stanford, Connecticut

Rockwell Manufacturing Co., Pittsburgh, Pennsylvania
Duow Chemical Co., Midland, Michigun

Not Known

Not Known

Not Known

Rockwell Manufacturing Co., Pittsburgh, Pennsylvania
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LUBRICANTS, GREASES, AND OILS: (CONT) ¥

PR

8 #58-M Oii New York and "Tew . - Libwicating
New York

h
’ )
TMSF !, 2, 3 Not Known ‘4 ‘l
{ !

UDMH Lube 50/50 Mixture of
UDM Lube Superlube, ine.. Clov o Daing /!
and /

.

Electro Mechatiics Nu, 20057 Electro Mcchr il Tw Noow Grelratn
Vydax A DuPont, Wili v 0, Co W 72 I‘,
5’ B
b

T

Py e

bt ) o
= i e o

> v

Sl a5, x. =

THREAD SEALANTS AND POTTING COMPOUNDS

-

1
!
Crystal M and CF Not Known 5.
Epon 828 Shell Chemical Co. “ar 'ra wisco, \’?l';.’u"(m ’
Fairprene 5159 Not Known
N9QO4 Sealant Redel Corp., Anahe: :, . 'aliii "ata
Paraplex P-43 Mat Known

Proseal 793 Coast Prouseal and 14wrutact -ing Co.,
Los Angeles. Calii. rnu:.

—im———
.~’.

. ————
L ey .

fnimal

$
|
!
i
r-.

PR 1422 Producis Research ., Jurbent, aliforr
Reddy i.ube 100, 200 Redel Corp., Anahel 1, " alife iz
RTV 20 General Electric Co , ¥ 13%: ld, Massachu

posiad  fpami

——
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