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COMPATIBILITY OF MATERIALS WITH ROCKET PROPELLANTS AND OXiDIZERS

W, K. Boyd, W. E. Berry, and E, L. White*

GENERAL CONSIDERATIONS

An important consideration in rocket techno-
legy is the compatibility of each propellant with
the container material, Serivus problems arise be-
cause many propellants are extremely reactive and
their containment is possible only with a few ma-
terials of construction. The resistance of many
alloys to fuels and oxidizers is dependent entire-
ly on the formation of an inert, corrosion-resistant
{1lm or barrler coating. In addition to corrosion
rroblems, the presence of some metals tends to
rromote decomposition of the propellant. Also,
cer.aln metal /oxidizer combinations may ignite if
subjected to impact,

Four years ago DMIC Memorandum 65 was issued
and Included all information available at that time
on compatibility of materials of construction with
rocket propellants and oxidizers., Since that time
additional information on compatibility has been
generated for new, as well as the more established,
fuels and oxidizers, This report contains these

\\\\\:iw data combined with the information presented in
DMIC Memorandum 65. In order to expand the useful-
ness_of the report, the source of the data is ref-
erenchqsfor each material,

He

¢h&e\ﬁémorandum summarizes the available in-
formation on the compatibility of liquid rocket pro-
pellants with prominent materials of construction,
It is pointed out that compatibility data for mate-
rials not ordinarlily covered by the Defense- ls
Information Center are included, _These data were
found during the search for-iriformation on materials
that are within the scope of the DMIC, and are in-
oluded-for-eonvenience.J Fuels and oxidizers of
current interest are discussed. The corrosion data
which are presented will apply to storing, handling,
and control equipment outside of missiles and to
missile components excluding combustion chamber.
The compatibility of materials with reaction prod-
ucts in combustion chambers, nozzles, etc.,ﬁhiiihot
been considered. Included in the summary are data
for many nonmetallic materials., Thass.data wers
collected in conjunction with those obtained for
metals but no concerted-effort was made to secure
compatibllity data-for nonmetals.

OThe memorandum is subdivided into snrctions ace
cordirg to the propellant. Each material of con-
struction is rated fer a given medium as belonging
to one of four classes, based primarily upon corro-
sion resistance. Considerution also is given to
such factors as catalytic decomposition and sensi-
tivity to impact. - —

CLASSIFICATION OF MATERIALS OF CONSTRUCTION

Metals
Clrss 1

The Class 1 materisls are those which exhibit
s corrosion rate of less than 1 mil per yesr. The
ssterial does not promote decomposition nf the
propellsnt or oxidizer and {s free from impact sen-
sftivity,

*Chief, Associate Chief, and Resesrch Chemjcal
Engineer, Corrosion Research Division, Battelle
Memorfal Inatitute, Columbus, Ohfio.

Class 2

The materials falling in Class 2 are similar
to those in Class 1, except that the corrosion rate
may be as great as 5 mils per year.

Glass 3

A material in Class 3 shows only fair corro-
sion resistance; rates of attack may be of the order
of 5 to 50 mils per year. The material may also
cause a moderate breakdown of the propellant, but it
is not shock sensitive under conditions iikely to
be encountered in service.

Class 4

Materials in this class are not considered
usable for containing the propellant; they have
scorrosion rates greater than 50 mils per year,
cause extensive decomposition of the propellant,
cause spontaneous ignition, or react on impact.

These classifications are summarized in
Table 1.

TABLE 1. COMPATIBILITY CLASSIFICATIONS FOR METALS(a)

Corrosion Resistance

Penetration Shock

Rate, Decomposition Sensi-

Class Rating mils/year of Propellant tivity
1 Excellent <1 No No
2 Good <5 No Ne
3 Fair 5 to 50 Some No

4 Poor >50 Extensive Yes

{a) The classification of a materisl 1s based on the
lowest rating of any one of the three properties.

Nonmetals

Ratings for nonmetals are also somewhat arb!
trary but wherever possible they follow those
descrtbed in the Titan II Siorable Propellant Hand=-
book.(169) The classifications are summarized in
Table 2.

TABLE 2, COMPATIBILITY CLASSIFICATIONS FOR NONMNTALS

Clans
Volume Ch . 2 ‘ 4.
olume Change !
percent | O 042 10 to 423 “10 to 425 <=10 or >23
Durometer Read-
ing Change o 10 310 <=10 or >10
";::\: on Prevels  one Slight change Yoderate change Severe

S1ight change Moderate chanye  Severely bils-
tered, or
crecked, dise
solved

Generel Ussge  Satlefactery, Setisfectory for Satisfectory for Unsatisfactory

general uee tepesied short short time uie
term use . .

m

Visual fxeminee No change
tion

h
4
3
b
!
k




The compatibility data have beer tabulated ac-
cording to the maximum temperature permissible for
3 glven material in Classcs 1, 2, and 3. The mini-
Zun temperature at which a given material becomes
Class 4 (noncompatible) also is listed. For example,
a notatlon of RT under Class 1 means that the mater-
ial would fall Into this classification up to room
temperature. It will be noted, in many instances,
that no temperature is listed for one of the more
resistant classifications. This does not necessari-
ly mean that the meterial does not fall in Class L
Cr 2 at some temperature, but rather that insuffi-
cient data are available to assign a temperature
limit,

Occasional entries indicate that a material
has a higher rating at higher temperatures, e.g.,
Class 1 at 160 F and Class 2 at 80 F. These entries
reflect a conflict in reported data. In many of
these cases, it is recommended that the original
references be consulted where possikle, to deter-
mine which results were obtained under conditions
most nearly simulating the application in question.

In many cases, a material does not fit into a
classification becavse (1) there is a scarcity of
numerical data, or (2) the decomposition effects on
the propellant are of primary concern. Hydrogen
peroxide is a good example of a propellant for which
ir is difficult to classify construction materials.,
In such a case, the classifiration used in the table
is described in detail for the material in questiun.
Many materials are listed by trade names, Similar
materials marketed under other trade names probably
would be giver the same classification, However,
only materials for which actual data are available
are listed.

SQURCES OF INFORMATICN

The information on which this memorandum is
based came from a variety of sources. A list of
references is given &t the end of the text. Ap=-
propriate references for a particular propellant
material are listed at the beginning c¢f each sec-
tion. References are also included for each indiv=-
i<ual entry., In addition to reference material ob~-
tained from published literature, specialists in
companies active in the development of rocket pro-
pellants were contacted either by letter, by tele~
phone, or in person. The cooperating companies are
listed balow.

Aerojet-General Corporation
Food Machinery and Chemical Corporation
Becco Chemical Division
Belmont Smelting and Refining Works, Inc.
General Dynamics Corpo:ation
Convair Astronautics Division
Callery Chemical Company
Research and Development Civision
Celanese Corporation of America
Columbia-Southern Chemical Corporation
Commercial Solvents Corporatien
Douglas Aircraft Company, Inc.
Dfamond Alksli Company
The Dow Chemiczl Company
Texas Division
E. 1. du Pont de Nemours snd Company, Inc,
Foote Minersl Company
Allfed Chemical Corporstion
Genersl Chemical Division
Hughes Tool Company
HEF, Inc. - Hooker Chemicel Corpnration snd
Foote Minersl Company

Hercules Powder Company
Califorr.la Institute of Technology
Jet Propul sion Laboratory
Lockheed Aircraft Corporation
Missile Systems Division
Lithium Corporation of America
Menasco Manufacturing Company
Metal Hydrides, Inc.
Monsanto Chemical Company
Research and Fngineering Division
Chemetron Corporation
National Cylinder Gas Division
Union Carbide Corporation
Jinde Company
Union Carbide Metals Company
National Carbon Company
Olin-Mathieson Chemical Corporation
Pennsalt Chemicals Corporation
Thiokol Chemical Corporation
Reaction Motors Division
North American Aviation, Inc.
Rocketdyne Division
Rohm & Haas Company
Stanford Research Institute
Solar Aircraft Company
Sinclair Research Laboratories, Inc,
Titanium Metals Corporation of America
Virginia~-Carolina Chemical Corporation
Wyandotte Chemicals Corporation.

General information on compatibility and
properties of large groups of propellants are con-
tained in References 3, 23, 81, 102, 110, 151, 195,
198, 211, and 237. Information on handling, safety,
and toxicity is included in References 81, 195, 291,
and 302.

AMMONIA (NHg)*

Ammonia is @ pungent colorless gas that is al-
kaline in nature. It can be liquified at room
temperature at pressures above 100 psia. The vapor
irritates the eyes and respiratory tract. The
threshold=1imit value of toxicity in the atmosphere
1s 50 ppm.

Stainless steel, carbon steel, nickel alloys,
silver, platinum, gold, and tantalum are sufficient-
ly resistant *o anhydrous ammonia to be placed in
Class 1, as shown in Table 3. Inconel, gold, plati-
num, and tantalum are Class 1 materials in moist
ammonia. Carbon steel and cast iron are also quite
resistant and are normal materials of construction
for ammonia service.

The copper alloys are less resistant ihan
steel and have the disadvantage of being susceptible
to cracking in ammonia atmosphere.

The upper temperature 1imit of many metals is
related to the initiation of the nitrlding process.
Inconel is more resistant to nitriding than other
nickel alloys, mild steel, or stainless steel.

Many organic materials are suitable for ammonia
service, Plastics and elastomers usually resist at-
tack up to their roftening point.

Most inorganic construction materials are not
attacked by ammonis, Graphitic materisls are con-
sidered best for handling ammonia gas at very hich
temperstures.

*Ammoniat see¢ References 80, 81, 82, 94, 102, 109,
110, 127, 128, 1%1, 181, 199, 211, 214, 217, 221,
287, and 29%,
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_ BORON HIGH-ENERGY FUELS ,
Hi=Cal=3*

The compo:ition sngd pxopnrtl.s of Hl-Ca.-3 are
classifled,

Many of the ¢common construction materiais sre
compatible with H{-Cal=3, Mild steels, stainless
steels, copper slloys, nickel alloys, sluminum, ti-
tanium, tantalum, and lead can all be used up to
120 F and are listed 8s Class 1 in Table 4, Above
this temperature, no date are available, Crganic
materials which are compatible with Hi-Cal-3 are
listed in Table 4 as Class 2,

Pentaborane $B!Hg)"

Pure pentaborans {s 8 clear colorless liquid
that possesses an odor similar to that of rotten
pumpkin, It {s pyrophoric and highly toxic. Maxi-
mum allowable exposure is leas than 1.0 ppm. It
has a vapor pressure of 77 mm st 77 F and boils at
137 F.

Most of the metals used in rocket construction
are compatible with pentsborane, including iron,
steel, stainless steel, aluminum, copper, brass,
magnesium, titanium, etc, Data are presented in
Table S, Tecflon, VYiton, Kel-F, and fluoresilicon
Tubber are {ncluded among the plastics and elasto-
mers that are compatible with pentaborane., Penta-
borane forms shock-sensitive mixtures with most of
the chlorinated hydrocarbons thet are used as de-
greasers or soivents,

Trislkyl Boranes¥**+

Materials which have withstcod i month's ex-
posure in triethylborane [ (CoHg)aB) (e colorless
liquid that boils at 2C3 F) at 16C F with no ap-
parer:t attack includer

Metals Nonmetals
Miid steel Teflon
Stainless steel Phenolite

Aluminum Garlock 90C packing
Brass Garlock red rubber
Nickel Koppers 6200

Monel Super Dylsn polyethylene
Inconel

Lead

Copper ;pitted}

Materials which have withstood 2 weeks' expo-
sure in tri-n-butyl borane [(C Ha) .Bl{a colorless
liquid thai exerts a vapor pressur¥ of 20 mm at
228 F) at 122 F with no apparent attack include:

Metals Nonmetals
Mild steel Teflon gasket
Stainless steel Palme*to gasket
Aluminum Koroseal
Brass Kel~F
Nickel Hyzar
Copper Nylon gasket

*Hi-Csl=31 see Refi:tence 103,
*#Pentaborane: see .eferences 56 and 294,
*#xTriglkyl boranes: See Reference 57,
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ELUORINE

A number of fluorine compounds are belng con-
sidered as oxidizers for rocket=-propulsion _ystems,
These include fluorine, chlorine trifluoride,
bromine trifluoride, bromine pentafludride; iodine
pentafluoride, oxygen difluoride, oxygen diflvoride-
oxvgen mixtures, perchloryl fluoride, perchloryl

luoride=tetrafluoro=hydrazine mixtures, and fluorine=
oxygen mixtures (FLCX). All of these materisls ore
extremely active chemically, Under the proper con-
ditions, they wiil react with almost every known
alementy hence, Lhey present severe corrosion and
compatibility problems., These oxidizers, however,
sre not for the most part susceptible to thermal
and catalytic breakdown ani present litile o¢r no
problem in this respect. Therefore, compatibility
vatings are based primsrily on the reaction of the
nedium with the material in question.

Fluorine !le*

Fluorine {s a yellowlsh gas that has 8 punient
odor and is irritating to the respiratory tracs,.
The threshsald limit of voxicity of fluorine in the
atmcsphere is C.1 prmy It is normally handled as a8
liculd at -31C to -320 F.

Many metals perform well in liquid and gaseous
fluorine as can be seen from the data in Table 6.
It {s beileved that a protective fluoride film which
forms »n the surface of most metals imparts corrosion
resistence, On the other hand, some experiments
have revesled no increased corrosion on specimens im-
rerced in liquid fluorine and wire brushed to remove
any {iln, suggesting no passivating effect from
metal fluorides.(?7

Traces of water in the system react with
fluorine to form hydrofluoric actd. This acid tends
to attack some of the materlals which sre resistent
to uncontamninated fluorine, Since moisture may be
present in many systems, Monel is ususlly chosen as
a construction material because, in addition to
being resistant to fluorine, 1t also i{s resistant
to hyidrofluoric acid.

Titanium ignites** {in liquid fluorine {f sub-
Jected to impact or rupture. However, ignition
does not propagate as it does 1in liquid oxygen.
Although ignition has occurred in at lesst one speci-
men of aluminum alloys, eluminum is not co?xidgred
to be impsct sensitive in liquld fluorine.

Dynamite cap explosions sagsinst tubes filled with
liquid fluorine have falled to cause ignition in
Monel, nickel, copper, brass, 3C4 stsinless steel,
316 stainless stecl, 347 stainless steel, and 1100
aiuminum,(275) Tensile tests to fracture in liquid
fluorine have not caused ignition of AM350, 304L
stainless steel, 301 stainless steel, ASM 6434,

2014-T6 an 7075-T6 aluminum, Inconel X, and
Ti-6A1-4V,
*Fluorine: see References 7, 14, 15, 16, 20, 40,

52, %8, 73, 81, 82, 83, 86, 90, 91, 93, %4, 99,
100, 102, 110, 120, 121, 122, 123, 132, 134, 143,
146, 151, 152, 153, 1%9, 16C, 161, 162, 163, 175,
184, 191, 194, 197, 199, 2c1, 202, 203, 204, 207,
211, 212, 214, 215, 217, 221, 224, 22%, 226, 233,
237, 243, 251, 2%2, 253, 259, 261, 263, 264, 265,
266, 268, 269, 270, 271, 272, 273, 274, 2.d, 276,
277, 278, 29C, 297, and 299,

**Ignition - fluorine: see References 141, 233, 274,
275, and 276,
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" Because of its strong oxidizing preperties,
fluorine reacts readily and often violently with
most orqganic materials, Only the highly fluorinated
hvdrocacbons such as Teflon and Kel-F withstand con-
tinued service. . -

Cleanliness s essential for fluorine systems,
If the metal surfaces in contsct with fluorine or
for that matter almost any strong oxidizer are con-
tamirates with organic materials, such as traces of
oll o- gresse, local hot spots may form which in
turn may csuse the violent burning of the encasing
materiel,

It {s recomnended that equipment to handle
fiuorine be first thoroughly cleared tc remove ali
contaminants, e.g., organic matter, and then passi-
vetad with fluorine diluted with an t{aert ges.

FLOX*

Mixtures of liquid fluorine snd 11quid oxygen
{called FLOX, have roceived some consideration as
oxidizers. Typical ratios are 4016C and 20180
fluorineioxygen. The limited compatibillity data
that are available for FLOX are sumrarized in
Teble 7. In general, it appears that any materlal
which performs well in liquid fluorine also per=-
forms well in FLOX.

Qxygen Diflvoride (OF,)**

Oxygen difluoride is a colorless gas and a
brownish yellow liquid. It boils 8t -22C F. It
is toxic and pcssesges ahcut tie same lethal *char=
acteristics as phosgene,

The 1imited data on the compatibility of m -
erials with oxygen difluoride ana oxygen difluoride-

Oxygen mixtures are cumvarized in Tables 8 and 9,
In general, the materlials behave as we.l as, or
better than, in fluorine. No detonation has baen
observed in steel cylinde=s when filled with QF9
liquid or gas ard struck by O.2g-csliber long rifle
bullets fired from 50 feet,(124)

Qzone Difluoride (O.F,)

Ozone difluoride is a viscous bloodered
liquid et -297 F, At =25C F it decomposes into
oxygen and oxygen difluoride,

There i{s little published information on 03F2.
The corrosive effect of C,05 percent 03F2-L0OX on
stainless steel is reported to be about the same
order of magnitude as that of fluorine.(83, Com-
patibility data are summarized Jn Table 10,

Chlorine Trifiuoride [CTF)(CIF. )#*+

Like fluorine, chlorine trifluoride {s among
the most active chemicals known, It {s a nearly
colorless gas at atmospheric pressure and room
temperature, but can be liquified by the application
of slight pressuxes. CTF rescts violently with
weter and many organic compounds., It attacks the
respiratory tract, The threshold-limit value of
toxicity for CTF in sir is 0.1 ppm.

*FLOX1 see Refererces 224, 266, snd 267,
#Cxyven difluorides see References 83, 124, 224,
238, 282, and 283,

##4Chlorine trifluoride: see References 17, 23, 40,
8y, 82, 106, lio, 111, 112, 113, 114, 115, 116,
117, 118, 119, 151, 1%8, 200, 21}, 243, 244, 269,
and 286,

Chiorine trifluoride can be handled in many
of the comnan metals shown in Table 11, As with
fluorine, s costing is formed on metals, which pro-
vides protection from corrosive attazk. Among the
metals which are resistant to CIF are copper, brass,
steel, Monel, and nickel., Cf these, Mconel and
nickel are preferred becsuse of their resistsnce to
hydrogen flucride and hydregen chloride, which are
furmed by reaction of CTF with water, The organic
materials that are compatible are limited to Teflon
and Kel~F.

Although some surface staining has occurred in
tests employlng impact, shock, and perforation, there
has been no lgniticn of low-carbon steel, stainless
steel, aluminum, coppe{ nagnesium, or titanivm in
liquid or gaseous CTF.l114,

Clesning and passivating treatments similar to
those described for metals that sre used to contain
fluorine must be used for CIF systems to reduce the
possibility of rapld reactions,

Bromine Trifluoride (BIF)(Brf. . *

Bromine trifluoride is 8 colorless liquic that
boils st 275 F, Its vapor pressure at 70 F is
C.1% psia. It is toxic and has & threshold limit
value for toxiciiy in the stmosphere of 0,1 ppm,

Bromine trifluoride reactc violently with many
organic compounds and vigorously with water. BTF,
l1ike CTF, appears %o react with some metals to form
a protective coating of the metal fluoride, As
shown In Table 4, this coating permits the use of
nickel up to about 1300 F, copper to 75%C F, and
steel to 48C F. Tne data are not sufficiently de-
tailed to permit a more extensive clemssification
than that shown in Tabie i2.

Metals which do not form protective coatings
are vigorously sttacked, Examples of this type of
condition are molybdenum and tungsten, either ss the
pure metal or in an slloy. Titarium is also at-
tacked by BTF, Boron, silicon, columblum, and sul-
fur all burn in BTF (liquid),

Materlals of construction, equipment design,
cleaning, passivation, and genersl handling practice
for bromine trifluoride are the same #s for chlorine
t1ifluoride,

Bromine Pentafluoride (BPF)({BrF,)#+

Bromine pentafluoride {s 8 cclorless liquid
that boils at 105 F, Its vepor pressire st 70 F is
7 psis. The toxicity threshold-limi* value of BrF
in the atmosphere is O.l ppm,

Bromine pentafluoride reacts with most o>f the
known elements except nitrogen, coxygen, and the rare
gases, Under the proper conditions, it will react
with most i.sorganic compounds except those contain-
ing flu~rxine in their highest valence state. Most
organic compounds react violently with BPF at room
temperature and atmospheric pressure, Datatled
corrcsion data for metais ars not available.

Recommended materials of construction for RFF
are the same 8s those for chlorine triflucride. The
same precautions for clesning and passivstion must
be followed,

*Bromine trifluoride: see References 82, %4, 106,

151, 211, 243, and 269,
«#8romine pentafluoride: see References 243 and 269.
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Iodine pentafluoride is a colorless liquid,

-2 :-ixt-bolls -at-207 F-and hes a vapor presstre of 0,47 7

psia at 73 B, Its toxiclty threshold-limit value
is Gil ppm.

lodine pentafluoride 1s the least reactive of
the halogen fluorides. Very few quantitative corro-
sion data for common materials of construction in
IPF are available., However, it is reported that
most metals are only slightly attacked by it at
ordinary temperatures, The recommended materials
of construction are the same as those for chlorine
trifluoride,

IPF reacts violently with water, It also re-
acts with most organlc compounds, Those rich in
hydrogen will yield hydrogen fluorlde and tend to
ignite. Reactlon with chlosine-containing compounds
tends to release free iodine.

Perchloryl Fluoridg;LEF)(ClCaﬁl**

Perchloryl fluoride is a colorless gas with a
sweet odor. It cam be liquified at room tempera*ture
8t pressures in excess of 15C psla., PF affects the
respiratory tract and causes "burns” if the ligquld
is splashed nnto the body. The toxiclty thresholde
1imit for PF in air 1s 3 ppm,

Anhydrous FF is normally shipped in liquid
form in stecl containers. Takle 13 shows other
materials which resict FF aq..te well.

Reactions of PF with water are very slow up to
temperatures of akout 575 F, . However, in the pres-
ence of water, Pr becomes more corrosive as indicated
in Table 14. Under moist conditions, Types 3C4,

310, and 314 stalnless steels have shoan velatively
good resistance at room temperatures, Short-time
tests also have shown the nickei alloys, Hastelloy C,
titanium, and tantalum to have jood resistance,

Grenade or cylinder-perforation tests resulted
in detonation of titanium in 11quid and gaseous
perchloryl fluoride, 114511%) T{tantur also ignited
under impact in perchloryl fluoride but the burning
was not sustained, Other metals which underwent
these same tests but 4id not ignite weres steel,

stainless steel, copper, magresium, and alumi~
num.(114,119)

Teflon and Kel-F are very resistant to attack
by PF. Cther plastlcs which are suitable are un-
modified phenolic resins and epoxy resins, Rubbers
which are compounded with -arbon black tend to be
inflammable, while those with iron oxide fillers are
not inflamrable, The large surface areas of sponge
rubbers make them {nflammable., Ordinsry oils,
greases, and waxes should never be used with PF,
however, fluorncarbon coripounds are compatible,

Many organic materials do not react with PF at room
cemperature, but {f ignited will burn viclently.

Some inorganic materials react rapidlv, e.g., mercury
and "Indicating” Drivrite.

Mixtures with Pe-chloryl Fluoride

Compatibility dats for materlals in 2% percant
perchlceryl fiuoride-75 pearcent chlorine trifluoride

*lodine pentafluoride: see References 243 and 269,

**Perchloryl fluoride: see References 81, 82, 83,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
151, 211, 219, and 224,

are summarized in Table 15. Wlth the sxception of
columbium, molybdenum, and titanium, most metals
perform well.

Compatibility data for materials in S0 per-
cent perchloryl fluoride-5C percent tetrafluoro-
rydrazine are presented in Table 16. All of the
usual metals of rccket construction appear compati-
ble in bath the ligulid and gas at -1C9 F, (Tetra-
fluorohydrazine beils at -100 F, It can be liqui-
fled at room temperature at pressures grester than
600 psi.}

Halogenated Hydrocarbon Propellanis*

Halogenated hydrocarbor propellants are
chiefly fluorinated and chlorinated wethane and
ethane. Many are well known as refrigerants under
the trade names of Freon, Genetron, etc. They
range from gases to liguids at room temperature
with boiling points of about -20C F to about +2CC F,

Cempatibility data for some five propeliants
are summarized in Tables 17 1o 21, Most of the
common structural materials can ke used satisfactor-
ily with the halogenated hydrocarbors, At high
temperatures, some metals promote catalytic break-
down of the propellants, The aeneral order of this
tendenry isi  Inconel<18-8 stainless steeldnickel<
copper<.34C steel<aluminumibronze<brass<silver,(48)
Aluminum alloys containing more than 2 percent mag-
nesium and magnesium alloys are not recommended for
use in halcgenated hydrocarbens containing water.

Impact tests at 70 ft-lb in Propellants 113
and 114B2 have not caused ignition of aluminum,
aluminum plus alumina sand, titanium, titanium
plus titanium filings, cr titinium plus alumira
sand,

Tetrafluoroethylene and chlorotetrafluoro=-
ethylene plastics and orlon acrylic are generslly
suitable for use in halogenated hydrocarbon propel-
lants. Polyvinyl ealcohol resists these propellants
but 1s sensitive to water. Phenolics, Delrin acetal
resin, nylon, polyethylere and vinyls are suitable
for use in many applizations, but the pehavior of
different types may vary in different propellants,
and thus should be thoroughly tested kefore use.
Methacrylates and polystyrene are generally not
suitable. No single elastomer has been found to ke
compatible in all halogenated hydrocarkon propel-
lants, but a satisfactory combination zan usually
be found,(68)

HYDRAZINES
dydrazine (HH,)**

Hvdrazine is a clear oily liquid with an cder
similar to that of ammonic, Its vapor pressure at
80 F is 2.31 psia and it boils at 236 F, Hydrazine
vanors affect the respiratory tract, nervous Syse
tam, liver, and kidney, and cause "burns" whern
spillad on the skir, The toxicltiy thresholde=limit
value in the atmosphere is 1 ppm.

The information regarding the compatibility of
various metals and nonmetals with hydrazine and

*halogenated hydrocarbon propellants: see Refe--
ences 91, 53, 68, B4, 136, 214, and 279,

w#tiydrazines see Reterencec 3, 4, 7, 22, 7C, 81, B2,
102, 110, 135, 145, 149, 151, 170, 171, 172, 173,
174, 183, 196, 211, and 216.
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hydrazlne-water mixtures—is rmt completely consistent..
These differences appear to be related to the speci-
fic application. For example, a metal may be satis-
factory if air nxidation of the surface can be pre-

unacceptable tor service in which prolonged exposure
to air cannot be avoided.

In assessing the compatibility of a material
with hydrazine, two major factors must be considered
for any given exposure condition. They are:

(1) The sorrosion behavior of the
material in contact vith hydrazine

(2) The effect of the material and/or
corrosicn produsts on the rate of
decomposition of hydrazine. -

This is particularly true for carbon and low=-
alloy steels, copper alioys, and molybdenum, From
the corrosion standpoint, they are satisfactory.

Cn the other hand, these metals and/or their corro-
sion products cataliyze hydrazine decomposition at
elevated temperstures, Explosions may occur., At
one time, it was believed that Type 316 stainless
steel {containing molybdenum) caused explosions
when contacted by hydrazine at elevated terperature.
tHiowever, it 1s now generally agreed that the hazard
frecm miscperation in hydrazine and unsymmetrical
hydrazine {s no greater with 316 stalnless steel
than with any of the other 30C series stalnless
steeis, (234,

Mrst metalliz materials of construction are
corpatible with hydrazine, Data are summarized in
Takle 22,

“any piastics and rublbers are compatibie with
hycrazine at room temperature, Graphite and
Gra~hitar are not sui‘able, since they tend to pro-
mote decomposition.

Nonomethyl Hydrazine;LgHﬂNHHHgl*

Moncmethyl hydrazine 1s a clear ligquid with the
odor of ammonia. It has a vapor pressure of 1 psia
at 8C F anc bodls at i89.5 F, [Its toxic properties
are somewhat similar to those of hydrazine. The
recommended threshold limit is C.% ppm in the atmos-
phere,

The following materials can be used in the
storajye and handling of monomethyl hydrazine:

Metals

303 stainless steels
3C4 stainleus steels

321 stainless steels

347 stainless steels
4130 steel

Aluminur alloys to 160 F
Aerobraze-l

onmetals

Tetrafluoroethylene resins

Highedensity polyethylene

Some silicone rubbers

Some unplasticlzed trichlorofluorethylene

*Monomethyl hydrazine: see Reference 154,

S i e e A e -

On the_otner hand, -this same metal may e . -

'.-Copper, lead, zinc, and alloys containing more than
0.5 wt¥ molybdenum are not compatible with mcacmethyl
hydrazine,

Gy )y ]

UDMH 1s a clear liguid with the odor of ammoria,
Its vapcr pressure at 80 F is 8.4 psia and it bolls at
146 F, TIts toxiclty is similar to that of hydrazine
but not sc severe, The toxicity threshold-limit value
of UDMH is C.5 PPMs

In general, unsymmetrical dimethy. hydrazine
affects materials in much the same manner as hydra-
zine. Of the metals, low-alloy steels, aluminum, and
stainless steels are comronly used to contain UDMH.
Aluminum is attacked hy UDMH {f water 1s present with
the attack being in direct proportion to the amount of
water. Teflon, Kel-F (unplasticized), nylon, poly-
ethylene, and Haveg 60 are among the plastic materials
which are not attacked by UDMH,

Lubricants such as APS C-407, Parkerlube % PB,
Molykote, and Persline 12-4 may cause decomposition
On the other hand, litharge and glycerine paste, X~
Pando, and Q-seal are compatible and can be used for
thread compounds and other similar aprlicatiuns,
Petroleum and silicone greases do not react, kut
are dissolved by the UDMH, Dzta for all materials
are summarized in Table 23,

Hydrazine-Unsymmetrical Dimethyl
Hydrazine Mixtures#**

Much of the information on prouperties and
compatibility of 5C150 NoH41UDMH (Aerozine 50) is
sumrariz e? in the Titan Il Storable Propellant
Handbook,'167,168,T69) Most »f the common —etallic
materials of construction are compatible with NoHua:
UDMH at room temperature, 1including aluminum al-
loys, steel, stalnless steel, nickel ailoys, ans
titanium alloys. As described under "Hydrazine”,
Type 316 and molybdenum-containing stainless steels
are nc longer believe ? to pose an explosion hazar
with 350150 NoHg:1UDidH.1294) Cf the plastic materials
only some of the fluorocarktons, polyethylene, poly-
propylene and polyolefins are Class 1 materials,
Compatibility data are summarized in Tables 24 and
25,

HYDROGE N***

Liguid hydrogen boils at -423 F, Hydrogen is
not toxlc in the usual sense but will cause "burns”
if the cold liquid conzacts the skin. Hydrogen is
readily lgnited in air a* concentrations of 4 1o
74 vol¥.

Liquid hydregern and gaseous hydrogen at low
temperatures are both conslagered to be noncerrosive.
Embrittlement of metals by the low temperature of
the liquid or gas is a more important factor. As
can be seen in Table 26, a number of metals can be

*Ursymretrical dimethyl hydrazine:r see References
2, 7, 23, 24, =4, €C, €1, 62, 63, 79, 21, 82, 92,
162, 11C¢, 145, 191, 195, 1%6, 1957, l64, 171, 172,
172, 174, 182, 196, 198, 211, 227, 228, 281, and
296,

#*Hydrazine-unsymmetrical dinethyl hydrazine mix-
tures: see References 4, 31, 47, 48, 49, 50, 165,
166, 167, 168, 19, 170, 198, 205, and 254,

##xpvdrogen: see References 34, 46, 74, 8C, 81, 82,
9%, 1°1, 181, 139, 2.i, and 221,
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#Hydrogen peroxlde:

- rated compatible {Class 2) with 1iquid hydrogen;
amung these are the 300 series stainless steels,
Type 410 stainless steel, aluminum and nost of its
allsys, some nickel alloys, cobalt alloys, . end..
‘molybdenim, The usé of organic materials is limited
because of the effect of the low temperature on their
physical properties. Tc avoid this temperature ef-
fect, "warm joints" are used, in which the gasket
material is kept at & higher terperature so that only
hydrogen gas contacts 8 joint. Table 26 lists some
cf the organic materisls that can be used with ligquid
hydrogen,

HYDROGEN PEROXIDE 02 N

Hydrogen peroxide is a colorless liquid that
boils at 303 F. Its toxicity threshold-limit value
in the atmosphere is 1 ppm,

When considering materials of construction for
handling and containing concentrated hydrogen per-
oxide, both the effect of the Hy03 on the construc-
tion material and the effect of the construction
material on the HR02 must receive equal attention.

If corrosion of the material takes place, usually
the Hy0p will also decompose, although the reverce
{s not true, for some materials catalytically de-
compose H,On without much corresive attack occurring.

One means of -educing the decomposition is to
pessivate the construction material before use,

Aluminum Passivation

An accepted passivation procedure for aluminum
consists of several steps,

Step 1, thoroughly clean thr metal, This step
consists of degreasing with trichlorethylene,
perchlorethylene, or a detergent wash, or
both, depending upon the type of contaminat-
ing dirt, followed by thcrough rinsing with
clean water.

Step 2, treat with 5 percent nitric acid for 1
or 2 days. Rinse wlth tap water. Spots or
arcas which are not passivated can be readily
identified. These spots will not have the
uniform dull, velvety finish characteristic
of passivated aluminum,

Step 3, reclean unpassivated areas and dig cut
areas containing iron or other inclusions in
the aluminum,

Step 4, repeat the cleaning and nltric acid
treatments until the aluminum is satisfac-
tor:ly passivated,

Step £, treat with stabilized 35 percent Hp0p
for 1 to 3 days. The passivity of the alumi-
num can be checked by the amount of decompo-
sition of the 35 percent Hp0p, by gas bubbles,
and by the warming of the solution.

Step 6, rinse with distilled or delonized
water.

Step 7, exposc o 90 percent H202. During the
the first 1¢ to 24 hours of exposure to
strong H20p, equipment must be carefully
watched to be sure that the H202 is not de-
composing,

see References 23, 28, 35, 36,
76, 77, 81, 82, 94, 101, 1¢2,

l44, 147, 148, 149, 151, 186,

210, 211, 213, 221, 229, 230,

250, 2%8, and 293,

37, 38 4l, 44, 75,
105, 18, 110, 129,
187, 198, 206, 208,
234, 245, 246, 249,

"Modifications of the pracedure arnd other
treatments which prodice the seme result may be used.

. .-: -Steinless- Steel Passivation- - =— -0 T TS

The passivating procedure for the

300 series
stainless steels is similar to that for

aluminum,

Step 1, clean with appropriate solvents an
detergent solutlons to remove dirt, grease,
and other contamination and rinse with tap
water,

Step 2, treat with 70 percent nitric acid for
4 or 5 hours and rinse with distilled water,
An alternative treatment for 17-7PH steel
uses a3 2 percent NagCrpQy*2420-20 percent
HNO; solution for 1/2 hour at 120-130 F,

-

Step I, condition the stainless steel in HpCg
of the concentration 1t will be required *o
handle. This operation should be observed
closely to determine whether decomposition
is taking place.

Step 4, if decomposition takes place, repest
the cleaning and passivatirg steps.,

Some stainless steels may nut respond t> pas—
Sivating treatments without prior cleaning by pick-
ling in a 4% HF-10% HNOj solution,

Pretreatment of Plastics

appropriate solvents or detergent solutions and
rinsed. Next, they should be pre-exposed for 16 to

24 hours in the H,O, solution in which they will be
used. :

Discussion

Another method which effectively reduces the
decomposition 1s the addition of sodium stannate <o
HpOp in about 2.C ppm concentration. This treat-
ment ls effective in reducing decomposition after
refilling a contalner with fresh stannate-free 4HpGyp,

In general, the acceptability of a material for

HoCn service is based mostly upon the amount of ac-
tive oxycen that is lost by decomposition rather
than npor: 4 corrosion rate of the construction ma-
terlai. nucurdingly, the “class" rasings used for
materials for H2™) have been based on decomposition
limits, Table 27 .escribes these limits in detail
for four classes of materials., The table llsts the

material in each class immediately under the
description,

Alumirum, some of its alloys, tantalum, and
zirconium are the only metals included in Class 1.

vany alurinum alloys, stainless steel alloys,
silicon, and tin fall into Class 2.

Class 3 contalns other aluminum allcys, a
varlety of stainless steel alloys, Inconel X, Alioy
H-07%, and Refractalloys 2¢ and 7C.

In general, the presence of copper in an alumi-
num 8lloy greatly reduces its compatibility with
H202. The 1060 alloy is most widely used in 90 per-
cent HpOp servicey however, several other alloys
are considered to be Clars 1 materials.

The sttack of an alurinum allny {5 usually of
the smooth overall type, but pitting occurs
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- occasionally, Pitting . is ustally attribited to the
presence of Impurities which cause local breakdown
of the HyOy. Cnaloride ions also accelerate the plt-
ting attack. Tae addition of small amounts of
nitrate don,-such .as sod{um alirate, tends to reduce
the action of the chloride isn, However, the pres-
ence of 10 mg Cl~ per liter causes accelerated at-
tack even with nitrate present, Ancdizing of the
metal also reduces the attack by HpOp with chloride,
but damage of the anodic coating Jocallizes the
pitting In the damaged area. The additlon of com-
pounds to HpC02 which change the pH in elther direc-
tion from the rieutral point may accelerate attack,

Galvanic coupling of aluminum to stainless
steel results in intreased attack on the aluminum,
Crloride lons in turn increase the galvenic effect.

Many of the higher strength aluminum alloys
are not compatible with HyO24 therefore, onc alter-
native is to use a strong alloy clad with a com-
patiple grade, 0 co.rse, spe:ial attention must
ve glven to welds, to insure complete covering of
the base alloy.

Many cases of decomposition of HpO2 in alu=minum
or other compatible rietals is treced to soluble or
suspended contamination of the 0 and not to an
effect of the container material.

The table shows that the 300 series stalnless
steels cannot be rated as Class 1, but give very
good Class 2 service, The 3CC series steels are
used for high-pressure flowing systems and may be
welided, Chloride contamination, at the 1G-mg-per-
liter level, does not appear to cause pitting in
stainless steels. The galvanic effect in aluminum=
stalnless steel couples tends to protect the steel,
The 17-7PH grades of stalnless steel are satisfac-
tory with Hpfg, but the 40C series is not. A 120~
qrit finlsk on the 17-7PH steels {mproved their
service.

Lower concentrations of Ho02 (52 to 90 percent)
require the same materials of construction as 90
percent H2072, HKigher strength peroxlde {98 percent)
is, in general, more stable than 90 percent HpCy in
contsct with metals, Aluminum alloys 106C, 5052,
and 7072 are rated Class 1. Stainless steels Types
304, 316, and 347, and aluminum alloys 6061 and
356 are rated Class 2,

In the transporting of high~strength HoOg,
106C aluminum has been used in tank cars and 43
aluminum or 30C series stainless steels in self-
priming centrifugal pumps, while valves, fictings,
and instruments ?ﬁe ysually made of 300 series
stainless steel,'<08

Of the plastics and rubbers, molded Teflon,
Kel-F, and Mylar B are rated Class 1 (unrestricted
use). Koroseal 700 has been used extensively as
gasketing meterial. Many lubricants exhibit {mpact
sensitivity in Hp02. The fluorinated and chlorinated
lubricants appear most promising with a Class 2
rating and no impact sensitivity, Compatibility data
for nonmetals in Hy02 are presented ir Table 28,

MEDYLENE GHLORIRE (CH-GL,)"
Methylene chloride {s a colorle=- liquid, It
boils at 104 F and exerts a vapor precstre of 380

mm at 72 F. The toxicity thresholns limi/t for
CHzcl2 in the atmosphere is S0C .

#*Methylene chloridet
211,

see Referen..s 127, 1289, and

N

Liquid methylene chloride is compatible with
copper, steel, austenitic stainless steels, Hastel~
loy B, Hastelloy C, asbestos, and graphlte. Gase- .

. ous_methylene-chloride is” moTe corrosive, belng

compatible with Worthite and Durimet 2C.
bility data are summarized in Table 29,

NITRIC ACID (HNO,)*

The nitrlc acld used for propellants 1s usual~-
ly in the concentrated form referred to as "fuming
nitric acid", In general, the rtuming acids con-
tain less than 5 percent wvater. If the acid con-
tains dissolved oxides of nitrogen, it is known as
"red fuming nitric acid" or "RFNA". The NGy con-
tent normally varies from 7 to 2C percent.

Compati-

Nitrogen dioxide {5 not present in "white
fuming nltric acid"™ or "WFNA", which contains a
minimum of 97 verceat HNC..

Hydrofluoric acid may be added to either RFNA
or WFLA as a corrosion {nhibiter. Listed below are
the Military Specification compositions of inhibited
end noninhibited acid (MIL-N-7254 C, July i9, 19%6):

white Fuming Hitric Acis

Type 1 A

Type 1 (IWFNA)

Nitric acid (HNC3) 97.5% =in. 96,8% min,
Nitrogen dioxide (HCz) C.0+ C.5% C.C + 0,5%

Water (Hzc) 2.0% max. 2.2% max.
Hydrofluoric acld (HF) 0.0 0.6 £ 0.1%

Red Fuming Nitris Acig

Type 111 A
Type 111 _(IRENA)
Kitric acid (HNC,) 82.0 - 85%  81,3-84,5%
ritrogen diloxide {\ 2) 14,0 £1.08 14,0 £ 1.C%
Water (H2O) 2.5 £ 0,5¢ 2.5 2 G.5
Hydrofluoric acid (HF) 0.0 C.6 £ Cul%

Red Fuming Nitric Acid

Red fuming nitric acid is a highly corrosive
materialy therefore, the cholce of construction
materials iIs based upon the corrosion resistance of
the material rather than on the catalytic Jdecompo-~
sition of the acid., Aluminum and steinless steel
alloys are usually used to handle RFNA., The com-
patibllity data in Table 3C indicate that at room
temperature, the corrosion rate for aluminum alloys
{s slightly higher than for the 300 series stain-
less steels. It should be noted that at 160 F,
aluminum alloys are more resistant than stainless
steels, Stainless steels and aluminum alloys are
usually sttacked in 2 unjform manner. However,
selective attack in the heat-affected zone near
welds is sometimes produced, Knife-line attack at
welds mav occur in aluminum alloys above 12C F. The
1C60 alloy appears to be free from this attack to
higher temperatures. The low~carbon grades of the
3CC serles stainless steeis and those containing
columbium or titanium are less susceptible to attack
at welds than are the regular grades. Aluminum,
vhen coupled to stainless steel, acts as a sacrifi-
cisl anode to protect the steel,

*Nitric acid: see References 18, 19, 29, 30, 32,
39, 64, 69, 81, 82, 87, 89, 93, 95, 96, 97, 102,
104, 110, 127, 128, 130, 133, 135, 150, 15!, 179,
181, 185, les, 189, 190, 192, 193, 198, 20¢, 211,
214, 221, 222, 223, 239, 240, 241, 242, 248, 260,
287, 298, and 300,
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and stainless steel. If this change ?rom RFNA to
IRFNA 13 made in stainless steel equipment and sel-
ective attack has slresdy started, the inhibitors
are not effective. The HF inhibiter reduces the ...

T '§elactive attack at welds, permitting use at higher
temperatures.

Titanium and tentslum ere both resistant to
RENA; however, caution must be used with the titsn-
ium slloys., A pyrophoric reaction may occur with
titanium alloys in RFNA which contains less than
1.3 to 2.0 parcent Hp0., Both titanium and tantalum
are sttacked much more rapidly by IRFNA thean by
the acid without the HF addition.

Titapium is resistant to NoO4 except under im-

—pact, It has been found that titanium impacts spo-=

radically under reasonsbly tell controlled test
conditions} the ignition frequency is increased
markedly by titanium filings or glass particles on
the impact surfecej. increasing: the- impsct-energy
level increases the ignition frequencyg ond 1n~
creasing the water content of the N0, o 2
percent lowers the ignition frequency. (256 25" 292)
The ignitions do not spread beyond the impac: area,

Moist NoO4 is, in general, more corrosive
because of the nitric acid formed., As shown in
Table 34, at levels of up to 1 percent moisture in
NoO4q, most common metals are still Class 1 at rcom
temperature,

With 3.2 percent molsture in NpCq

the corrosion resistance of steel and aluminum
alloys drops off markedly even at slight increases
in temperature. Dsta for the latter are summarized
Table 29,

A number of other alloys are compatible with
red fuming nitric acid. These include cobalt alloys,
Types 430 and 445 stainlees steels, chromium, and in
for some applications, nickel and some nickel alloys.
Platinum, gola, tin, and zlrconium may be used. Low-
alloy steels, lead, copper, and magnesium are rarid-
ly attacked by either RFNA or IRFNA,

Limited dats on the compatibility of materials
with flowing N204 are presented in Tatle 6.

The most resistant plastic materials are voly-
merized fluorinated hydrocarbons such as Teflon and
unplasticized Kel-F. Other plastics such as Xoro-
seal, Sarar, polyethylene, and Tygon are sulitable
for short-tlme exposures. Vinyl clastics, in general,
do not holc up well in 134,

White Fuming Nitric Acid

White fuming nitric acid {s similar to red
fuming nitric scid with respect to compatibility
with construction materials. It 1s not so stable
as RFNA, but compatibility is largely dependent
upon corrosion properties rather than on decomposi-
tion,

Asbestos and graphite are satlsfactory for
packing materials and graghite-watergiass for thread
compound,

The corrosion behavior of metals in white fum-
ing nitric scld is much the same as that in RFNA,
The same materials are resistant and the same ma-
terials are severely attacked, However, Table 31
shows thst the temperature limits are somewhat
lower in the white Tuming nitric acid.

Impact tests at 60 ft-1b in liquid 1,0, have
resul ted in detonations of polydimethylsildxane,
Similar tests at 7C ft-lb did not cause detonation
in polychloroprere, branched or linear polyethylene,
rolypropylene, gelyvinylidene fiuoride, apz vinyliocene
fluoride-hexafluoropropylene copolymer, (128}
Concentrated Nitric Acid

oXYGEL"
Table 32 has been included to show the com-
patibility of materials in somewhat less concen-
trated acids than the fuming grades. It can be
seen that acids from B0 percent up to the fuming
range are much more corrosive than the more con-
centrated ones, Stainless steels are the best
materials of construction for these acids.

Cxygen 1s a light blue transparent liguid at
-297.4 F, In the liquid state it can cause "burns"
1f spilled on the skin, Oxygen supports combustion
and accidental contac:t should be avoided with
oxidizable materlals.

Of the elemental materials, oxygen is next to
fluorire in reactivity. It will form compounds with
all elements except the rare gases, However, the
reactivity of 112ic oxygen is very iow compared
~ith that of gas~ous oxygen.

NITROGEN TETROXIDE (N QAL*

Nitrogen tetroxide is an egquilibrium mixture
of dinitrogen tetroxide and nitrogen dloxide
(No0g<-=-->2N03), It is a heavy brown liquid that
bolls st 70.1 F. The liquid causes severe burns on
bocy tissue. The toxicity threshold-limit value ;icgi:; m:z;;:; ZTL2?:313U£i§:38éC:Zi;eﬁonfl; e

. . sminum, *¢h ; of stain-
;not?a atmosphere 18 5 ppm as NOz or 2.5 ppm as less steels, brass, and silver solder are used in
274 liguid-oxygen~handiing equipment.

Liquid oxygen is ~onsidered to be noncorrosive

Much of the informationm on properties and com-
patibility of NoOy s summarized in the T;tan 11

Several Instances have been repor‘ed of violent
Storable Propel ant Hanapook, ' 167,168,16

reactions of titanium and liquid oxygen which appeared
to be related to impact. The impact sensitivityv of
titanium in LOX has been investigated rather exten-
cively, It appears that the ignition of ti‘an
under impact occurs in the followlng seguences’

Dry (less than 0.2 percent HyO) nitrogen
tetroxide can readdily be contained by several
metsls and thelr alloys. It is normally handled
in sluminum, mild steel, cast iron, or stainless
steel, although there have been reported !‘nstances
of intergranular attack in welded 2014-T6 aluminum,
Compatibility data are summgrized in Table 33.

,140)

¥ Oxygens see References 1, 5, 6, 7, 8, 21, 22, 25,

26, 27, 33, 42, 43, 45, 65, 66, 67, 71, 78, 8C, BIl,
8z, 98, 102, 107, 125, 126, 138, 139, lac, 141, 142,

£ DAL — 151, 176, 177, 18¢, 181, 195, 198, 209, 211, 218,
- #N{trogen tetroxides see References 3, 9, 10, 11, 231, 232, 235, 236, 255, 259, 262, 284, ang 2835,

: 12, 13, 23, 31, 47, 48, 49, 50, 59, 72, 81, 82, 88,

: 102, 110, 126, 131, 137, 145, 151, 165, 166, 167, "™ Ignition in LOX: see References 7, 22, 27, 42, 43,
H 168, 169, 170, 171, 172, 173, 174, 181, 196, 198, 65, 66, 71, 78, 126, 138, 139, l4c, 141, i42, 178,
£ 205, 211, 220, 221, 245, 256, 257, 287, 288, and 292, 177, 180, 193, 218, 235, and 236,
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(1) The impact exposes fresh metal and results
in some gaseous oxygen beiny formed at
the point of impact,

(2) The gaseous oxygen reacts with the fresh
metsl in an exothermic reaction,

(3) The heat generated raises the metal
temperature sufficlently to result In

locallzed dissolution of any TiOp film
that might form,

{4) Thus a protective oxlde film does not
build up and the reaction proceeds rapidly
between the b3se metal and oxygen.

Ignition of massive titanium is cbserved in
gaseous oxygen at liquid-oxygen temperatures at
pressures of absut 100 psl and above, This criti-
cal pressure 1imit is lowsred only slightly as the
temperature of the oxygen i{s ralced to ambient
temperature.

Massive aluminum exhibits ignition under
severe detonation in LCX. The frequency is not so
great nor {s the propagation sc severe as it is
with titanium unier the same conditions. Magnesium
also ignites under detonation at shock levels higher
than those for titanium but lower than those fcor
aluminum,

Crganic materials should be avoided with both
liquid and gaseous oxygen because of possibilities
of explosions, Currently, there is no single test
or croug of tests which gives a reliable compati-
bility rating for organic materials in liquid oxygen
service. It is recomrended that organic materials
be avoided wherever possible and used only with
caution, No completely compatible lubricants have
been found. Thread antiselze sealants of graphite
in chlorinated organic carrler and halogen paraffin
oils with pour polints as low as =100 F have been
used in LOX systems, Teflon, Mylar, and certain
chloroprene and Buna-M compounds have been used as
static seals while Kel-F-300, Kel-F-500, Kel-F-240,
Fluorothene FYID, Fluoxothere FYTS, and certain
chloroprene an? Buna W :ompounds have been used in
dynamic seals,!28

Many organic and plastic rater%als ex?ibit
impact sensitivity in LO{ includings(?

Synthetic elastomers and Thiokols

{1}
(2] Cellulose-based papers
(3;

(..)

;7 Silicone- and silicate-based oils and
greases

~—

Thermoplastics sich as nylon and phencolics

(VL Y
Py

Thermo=setting resins {phenolics, sili-
cones, epoxies, eic,)

(6) Petroleum~based olls and greases,

The fluorocarbcn plastics are probably the best
choice with respect to impact sensitivity, These,
rowever, should not be used with aluminum. A

number of other organic materials m~ight be used,

but specific conditione should be carefully studied,
The list of references on ignition in LOX contains
the results of many impact tests on organic materials,
which can be used as 8 guide to selection,

Ozone is colorless in geseous and 1iquid state.
Tt boils-at =168 F, --The toxicity threshold=limit
value for ozone in the atmosphere is 0.1 ppm.

There are few data on the compatibility of
materials with ozone, It has been shown that 100
percent gaseous ozone can be stored up to 30 days
at 5 atm pressure and dry ice temperature (-109 F)
in stainless steol, aluminuTé a?d glass with no
decomposition c¢f the ozone,

SOLID PROPELLANTS
ANP=2639AF

There sre few or no data published in the
open literature on the compatibility of materials
with solid propellants. Bent beam specimens of the
followlng materials bonded to nrope)lant ANP-2639AF
and stressed to 75 percent of the 0,2 percent off-
set yleld strength have survived over 198 d’ys
exposure at room temperature and 180 F:!

Ladish D6AC
300 M
Vascojet 1000
AM-355 (longitudinal)
PH 15-7Mo
B120VCA titanium
(longitudinal and transverse)

hitronium Perchlorate (NO2C104)

Nitrunium perchlorate {s a white crystalline
powder a* room temperature which has a faint odor
of chlorine and nitrogyen oxide. Its vapor pressure
1s less than 0.05 mm at 68 F. It melts and decom-
poses at 25C to 285 F.

The following materials are reported to be
compatible with nitrorium perchlorater (5%)
Metals: stainless steel {mild steel if system
is dry)

glass, Teflon, unplasticized rolyvinyl
chlorlde, polyethylene

Hooker Fluoralube Grease GR-%4
Hocker Fluorolube 01l X-30

3M Kel-F Polymer 0Oil, Grade Ho. 1
Halocarbon Oil Series B-21.

Nonme<talss

Lubricants:
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TABLE ). COMPATIBILITY OF RATERIALS WITH /MMONIA

i TABLE 4. COMPATIBILITY OF w*IEKIALS WIT Hi=Cal-3' 2 ,
Teaperature, # N ’
LT u#“ Material Remarks A
Clase [Class [Clonn |Clans [Clave [Ciluns [Cionn [Ciass 3
mereria| 2 b 4 i 2 3 4 [ Refyrences :
adaly Glasa ] H
| Piumioee . FIVENNT - BT R IST ) SN NI T .o Mild steel Below 120 F obably highs H
I <96 © stee low y pr r :
;’3‘1 :::iu:: g::’ X <93¢ 28.73,109, 40/% carbon stecl Below 120 F, probably higher -
A : Hot-rolied primer steel Beiow 12C F, probably higher
P16 Statnlest Steel =4 <9C .
a7 Statniess Steei ) i Type 304 steinless steel Below 12C F, probahly higher :
M10O Stainlest Steel X [ <] El.:l.??‘:
30 Statelons Steal bt Rt MsEhakiEs Boryllium copper Below 1.2 F, prodably higher )
lwor thtte I provy - CQupro-nickel Relow 12" F, probsbly higher
Durimet &% n 9 s Naval brass Below 12C F, probably higher
Carpanter ¥ [ bed Phosphor-bronze Below 120 F, probably higher
n 21,221,287 N
2‘.‘_? 3::‘ g :g = :{}:nl.:ﬁ Phosphorized ccoper Below 120 F, probably higher
Sislren nx{ r . ke )
Ni=Cast Ircens, l«_s- c.; n 150 Nickel Bolow 120 F, probably higher
:::f:“ 1ront, Migk Cu xf Incone! Below 120 F, probatly higher
Ihconel e e Monel Below 120 F, probably higher
uonel L'vd Nionel low 120 F, probably h!gher
Hasteiloy § 600] s00 Incoloy Below 120 F, probabl, higher
Hastelley % o021 o0
Aluminum Below 120 F, probably higher
Hesteiior D 2 600
westeiioy f e % oy Lead lass 2 at I2°F
Chlorime -3 - Titanium Below 122 F, probably higher
Nicke: Copper A Tantalum Below 120 F, probably highetr
Copper ™ riek
Yeollow #ress ™ mnu
Red Bress T
Tin B I
it bronte 3 Craanics
St Bronpe -
Cu-kickel . Bakelite No change 3% ! F
Easton PVC plasti. pipe No change 4t : F
o g Epoxy resin No change at [T F
KT8 »i] 2 H Graphite besring No change at F
Low [ Kel-F 300 No change at I2CF
Low :‘? Kel-F 300 No change &t F
7:: ped Teflon No change at (20 F
tow 2 Hycar 1001-520-39-5-4 No chgnge at 120 F
221,221 Viton 44]1)A-58 No change at 12C F
-1 atinan 22 Mycar 1000x88-520-39-20-3 No change at 12C F
Re-riatime ks Hycar 1001+520-37-83-1 Mo change at 120 F
Silver : IF4 Fluororubber No change at 12C f
Ay eCu A a LS-53 Fluorosilicone rubber Slightly less resilient at 12C F
i DI i Hycar 1001-520-37-83-5 Mo change at 120 F
N X-Psrdo pipe lope Wo change at (20 F .
Itrcortim s Nylon Zytel 101-KC-1C No change at 12 F \
Qratalc Witzials
Robber, Hard Linings - = o2 claas 3
kudper, Sef M| o
Rubber, Ne* 2 R
4;5 e w2 Qrganics
Neagrene % &
Sutyl Aubeer ™ & Hycar 1001-920-39-3-2 120 F, Slightiy stiffened
ool ot 2 Polyethylene tubing 120 F, Turns yellow
Stite vor & Garlock 8748 (Buna-N binder) 1206 F, Stiffened
Stltcore Greaves ot = Garlock 7021 (GRS - high 120 F, Stiffened and roughened
e s | | sulfur binder)
L1zone Pesing 1T = S Garlock 900 (GRS binder) 120 F, St!ffened
Fat . v African Blue Asbestos picking 120 F, Darkened "
Yinyl fope: mars . e Teflon asbestos packing 120 F, Welght g ain
Prenclice LE-14 2
Furars ot g Clazs 8
. Hot & :
uot [ :
Virylldess Suerice 82 Ozaanics i
Su! fur Cemems &2
Rt mt Tapoalttee . s Hycar i001-32C-39-3-% 120 F, Bilstered
:;;:‘Z::_ :; e Compressed asbestos gasket 126 F, Fibers locsened .
Phencl Formalsenyye >s 739 Garlock 7220 (neoprene binder) 120 F, Blistered . ‘
Hycar 1042-520-24-144-1 120 F, Brittle, crazed .
2 o Tygon tubing 123 F, Mardensd
ston 2.7 FiY
tartete »208 = Garleck 7705 (GRS - blue 120 F, Stiffened
:::: :lr; 2 asbestos)
” b Y o lexiglas 120 F, Became soft and sticky
v Giass Farrl: and - Fatrprene 5051 (neoprene on duck) 77 F, Stiffensy
S'ilzoes Ritbes Fairprene 5039 (neoprene 01 nylon) 77 F, Became brittle : ‘
Matursi rubber 127 F, Softensd, easily torn
National B46, O-ring 120 F, Stiffened
: Weoprene 120 F, Softensd
' Hycar 1001-%20-39=%-]1 12 F, Stiffened
Hycar 1001-520-39-%-3 120 F, 5tiffened
3ilicone rubber 120 F, Deteriorated .o s powder
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TARES. CIMMATIRILITY CF MATERIALS WITH PEftAmoaase (7941 TABLE 6. GMPATIRILITY OF MATERIALS Wit FLUGRINE
p . Teaporstore, F
3 = Tewpareture, F &t L T
Class [CiessCL t i $]
Class [Claws [Cloass [Cians Cless Meteriai 1 mz s ;" Cl:u Ci :u cl;u A;ll [+ :u
mterisl 1 2 3 . ¢ Imtenuacen
. JAlunims 1100 %00 0t 3600 {euTa | w320 =310{7,73,1% ‘
. R L o v
: flminm, F24 T3 43,18, 189 X
“mirgm, J0O3 Ji-14
plminam, 0524 ax
L:—;x' Lt e | »ox 1000 prooo -3t0} 143
) 0D jposd & . hrog
bl airem, 386 74 . e T0¢| 100 P0G f 310f 120,43
Mairas, Chromated Alminm &, TG | 20T 3000 PLOOC
Cadatup-Fiated Steel Aluming 67%] -3
o an-Cc 400 Alum mm Alumiow 09 =3
- Beryiitum
o 304 Stairless Steel 0 wc] 20| >%0c | x| ~ax| a0
R zor. 34 L Stairiess Steel T >40¢
Btoa 209 5telnless Stee! 37C ™
B2 Stagnless Stoel 29 Co Stainless Steel | %00 00
D4 seatriess Stee) iC Stairless Steel SFC beC| 75
B2l Stainiees Stee? R o ~3x
P47 Scatnless Stee =3,
s a3 3
Pagnastim Allcy, Fed QR ™ 3% -3
Kicrsome v <%
Fastelloy ho. 298 a0 x| X
ficarsim, o=l S
Pitanium. C=130M -
-3
-1
N <X
| ” 7
|| | e .
* :
i xol aoc | >aoc 1%y
~ woc| 300 | >30¢ I
£ B4 93¢ 7
- il w00 | 400 - xT
e ax] w2 >xc N
. ?
T 2. 3% N
™ | 84l | wX 7
. 9x a2
w7 7
iane 7 00 pr3oc | -2 BN 14 7,33,135,14)
Coming R-TXZ Fodm 75 3,
Terntng R-7051 Foam ™
£co F 1T Foam i 1300 130G
Spec B 49 ™ L300 P 3o -3
turel Mubber 7 fhoct g -
-.r,?_, 2306 piaoc
e piak | @ | -3wm| =i
r‘m o Plastic X3G
e300 ™
Tast Marel G &5 1900 brues o3t -
:f:_., ;; C-Moned &C 80| 1aX piaoe
b ™ L~cc- ol 930 sc | o0
PP yren 7 Mastelley § 212
Rutater Gu2077K ™ pasteiicy ¢ ¥ 212 .
Robater R-1C3 ™ -
Firerrrex, Mo, 8% 7—; pusteiioy D L2
Floseseox, ne. SiF oppar oc | ac| 8w |6 | s e
crning Stlastic
K, ™ Peoxiataed Zepger x| xc
B Caricer Sitastic v, 2°C Copper £TP 20 40| soc | eoc
, ™ prasy é?&r; xc e
Cescart Priss {Req; p-£9 %] s | x0e
—— Ry 2x %00 | 800 e
Recimpl i Nordetion Lube Prass {Low-teades)
LI ™ Pross (Ye.iom) “x
. casif: Prass ;C-rtr. ] -z
Mc lynden~ue Of fide ™ Bra \,;“'.:r:? ‘ ax
Accirmei: Mordsirom > ote Pac e G «<| me ‘
. 811 7%
Mocuws)l Nordetrem Lubel ST e axr 2B
e, p-21 ™ fcpper=12% Nicre: =X R
RoCzme;  Hordeizm Lube fcpper-30% Nicxel -3 H
X 7™ Evardur % 3
: Recemll Morderrom Lubef - Prrom:um piate 400 i
Lubef fosd e >0
' , & s 7
Lubef = 633 |Qxc i
- fegnasium AIBLA-TE 91 |€ioc
Lunel - pegnosi e Z21C=TH ot ~3ic i |
‘ <LK : |
| Qater-Baced ubticants ™ 3 i '
=hs 82 H
‘ -3 ¢
‘ -3
. -3z ae .
Pagoonivm Wi (1. 28n) 52,80
flegresivm FS-iA 159,060 {
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TABLE ¢, [Comttnusd) N N
jenperature, P
[ e ianid
R Crass[Class [Ciaeg [Clans l::". Tiass [ Clens bkt
Nyreris: 2 3 4 ! 2 3 [] Rel . Class |Ciase [Tinne s [Clecs
Materis i c :
e - ixer S K 94,175 G Bat ;
t 2t1 _
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3
i
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TARLE 24, {Continued) i
- - i
= f— = Cone e -
BE SO B g - o e = - H
dagy uj-_.y, i _ _ Liquid !
Clase [Craas [Claas [Clone {C1008 fC109s Kinee [Clane Close [Clave [Cldee JClana {Clan Closs
eteriel ! 2 3 4 1 2 H 4 sonces ~ Muterial 1 2 3 4.1 1 3 3 Cx:u e
: [ . =
: Kicego Mawhide-8lrvene jeas Lie o 189
23 14 W2 % N0, S-dt & 169
i cego Rawhidems.rvene Lo sete o« 169
1@ 2 Angot C © 169 ,
Khicago Rewtiide-8srveny joc-1 ¢ % Ld i
" b2 PM 100=1 {Dry H
eago Kaukide-51rnme tube) 0 1% !
& 2 {Rociweil Nerdstron 167 ™ n :
Cowrerticut Hard Rubber lAncinn ]| Bordstroa 421 75 |92
01 o o2 [Rocamell Mordetrom 201 ™
© ™ © 2 {Rocawl]l Wordetrom 921 ™
140 160 92 ; L' 69
60.1%0,189 . ”
[ s [ 4 14
[ (] © 169
Rtbe: D404 8 |92 [ 3 a 169
Subbar D30 -4 ®isa - - LY - L i
Nubber D43} ® | £ |iesae
Rubber D-d32 o |a
Rubbes D406 148 [92 ™ : 92,163,169
Wabber DT ie |
Ratber D408 143 [ 60 [169,169
[P1 reatone Rubber D409 e |e2 Rayeo=32 |
Rubbor Dt i0 148 |2 Elsctrofila 66=C 5 169
er Appllance TTCL4 [} 92 Polyglyeol Oils L Ay
Parrer Appilacze ai24 =] 92 [~ l Lo H1)
#iast1ce ana Rubber hotaton L () B2, 169
cducts 80570 L B e 150 o L]
P luoroiube MO-600 [ Les
® 2 Flucrolibe My-1200 ™ m
Pluorethens G ® L
8 (92 1 L2 ™ R
Carms 20 kel &3
8 192 P luoropack ™ m
St lman SR 61373 o] 100 esfv2,100 Lubr: sesl 7 b2 .
Stuner Rubber 18- ® (e poraq Stopcock Greass Lo L :
Prothetic Rubber Rectorssel 1% ™ 2
Products %0IBEMS 8> R2 Eilicons OC 11 b3 R2 3
Prnthetic Mubber Rodty Lube 100 [ 169 3
Products I3 e mm Reddy Lube 200 [ 3 l169 H
[Mhickol C 42986-1 L] 18 B2 hater Qiass Grepr . te © lios :
Ihioke) C 990 e b2 Dryivce Sealant L3 Lse .
Port Neoprers {1%8) 0 P2 x A [ 169 H
«Fo Gooc'rich Neoprene [Tefion Tepe 87 H 1
[} 100 b2
fooprene o PC, 169 Baiiioo Compounds
pycar 2202 o0 & PC,92,189 PR 1422 & |ion
prycar $20-41-125: 85 %2 RTV 0 %0 169
Prear 1047 Std. Wy, | ® M Parsplen P-4) &0 69
:;ur ‘_.:o-. lg z Proseet 793 6 169
car G4. etrprone 3199 o |i <
Pt oum W 3 100 o2 E,.,."ur"-q & Isc,i69 :
T ™ Mm =
Koi-F 3700 ™ R =2
Kei-F 5500 ™ o2 & |ies =
Piorubber 1F4 00 [80,92,169 o [159 %
Fis rel 60 [0,92,169 60 50,169 B
V.ton A 60 192,185,109 o« 163 2
[fiton A=24 s M 0 Les 5
Viton Amddmll Aede " B
iton 50 169,169
311 1man Fluororubber 6 |%,169 0 30,169
B 8214 ® |10 % 6,167
Pracieion Rubber 16007, 0 0,169
18087 100 19 » 169
Ptrdropol ¥ 140 160 |92 ™ i <
prdropol T 144 o2 s
[rrzen 2303 » in z
flasan Rubber R fEpory o, | [ H
Sazen Rubber X0 hased 100 |92 Blodi f1sd Bpoxy Mo, & 6o 2
Saran Rubber X0 Ousred 10 |n Rpoxy o, 7 60 |19 l
Pow §11¢cone 1L8-563 100 |oe Bpoxy No. 9 6 1169 :
[oow 3411cone DC-}32 »[n ipoxy Mo, 6809 6 L H
O.8, Witrile $ilicone Alcyd No. 4 & |1 }
» |n Polyurettene & |89 i
1.6, Mitrile € cne Acrylis Mitrocei ulose 8¢ |1 B
AT 1% |92 Vinyi 60 |is9
Kichols Teflon m 4 Primer MIL-P-6889 o |67
$i11cone Li-b) o |n ] 160 |ise
Perco 823-70 80 185,169 fryaer. & 16 |1ss
Parca BOMTO 80 168,160 Eopolrtar P-2000 160 [i65
Pracision Ribber 9367 80 [168,:5 A 9747 Primer 16 [tes
Precision 2400749 %0 | 169 Lorrosize Clesr 381 180 169
Precieion Mubber 957 00 [189,160 Proses) 23 0 169 H
40 X % [ ] 160 |188 partel DA S o |is9 3
Parker B48O-T [ ;w L af nous a [iee 3
Porser Ba9e- 50 89 Ed
Parser J16-1. 1% 169 Satatil Lo 3
Cosren 1357 ® 69 Prephicay 14 16C 169 3
Lirear TBOS-70 © ﬂ» Lraphizar 39 [ 2 160 Jiee E]
: padirer XBO0O=71 1% o Prephi ur 84 ® hoo E
N poravls 1 (Resin Preehitar 86 150 i 3
M tured 150 169 Peticna) Carbon COP-72 50 169 H
Poreuls 12! (Raste Puseton P2 ise o 1
ted) 18¢ 150 Purevon Pt 160 [t H
150 163, 165 :
wol fiee v ;
160
Neuarnet SUKass] 160 iz Vietor K3-MES (wiih
511! 1man KX 90400 160 [165,169 fafise) 7 bz
o3 6 [L6D, 169 Pelonia 7 k2
Madbar s8789-23GT 0 (163,169 Meoprene ™ m
i fas s Lok WO 11X 7
M=1orzl 2000 St 1® |92 Pu Verrs 22 » k2
Catlock 90U 60 {169 fevey 7 o2
Rerlock 22 0 1%, 109 paveg 41 » |
Po'riaatie 400 60 %0, L4y 0 »
' 2?“" “u-'l"-\b % s tedid in b
prene Bl 100
Udipsese B11ST 100 f92 Juoibesto 031 i P
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COMPATIBILITY. OF WATERIALS WITH X350 HYDRATINE IUMSYMAETRICAL DIMETHYL Nrdkazhg —~ — - .

_TABLE B,
L s T o W mmRise

o TABLE 260 GRNPATIBILITY OF MATRRAWALS WITH LIQUID symROuBi(82,211;21) — -

Tempe revute, P Gidss Si ANataridls Ciass 4 Ratesiags
— Cas Ligid Alamiram, 1100 Ircanel i, 4
- y - Clase fClass{Class [Crase JCians fClaus [Closs [Class Aluminam, %52 Low-Cazbin Steel
Matesial L 2 3 a4 2 3 4| pelaresces Alupinum, 4343  _High-dickel Steels __
— . — —— = = T L L2 Aluminue, 2024eT 0T S Tpergetgy - o- <
71T ALuminum, 110o-T
Ntinm, 105 o breSaiaiHohit bl tvedt
Alain, 25516 »4¢ Haynes 2:
Alusicaa, 35615 >0 M3iybasrm
Tltasive, SAy-47 >eC
TABLE 27. COMPATIBILITY OF METALS WITH 90 PERCENT HYDROGEN PEROXIDE
Aluminum Stainless Nickelr Cobalt Other Other Pure
Alloys Steel Alloys Alloys __ __ Alloys Alicys Metals Reference
Class L Metals
Maximum per cent of active oxygen loss (AOL) b% H202 in 1 weeks
at 30 C (76 F) - 0.2%, at 66 C (150 F) - 5.0
Minimum stability of HX0p after test — 95% stable in 24=hour test
at 212 F in glass
No other effect on H202 or metal
1060 None None None None Tantalum 35,36,37,
38,149,210
1100 Zirconium 35,36,132,
149,21C
1160 35,210
1260 35,210
2072 3%,36,37,
38,210
B-356 35,36, 38,
Class 2 Metals 210
Maximum per cent of attive oxygén loss (AOL) by Hi0p in 1 week:
at 30 C (76 F) - 6.0%, at 66 C (150 F) - 80%
Minimum stability of HyOp after test — 90% stable in 24-hour test
at 212 F in glass
No other effect on HOp; slight bronzing of the metal allowable
but no corrosion
3003 Type 202 None None None Silicon 35,36,210
4043 Type 302 Tin (cp) 35,36,149,
210
5052 Type 304 35, 36,37,
38,149,210
5054 Type 304 ELC 35,210
5056 Type 309 35,210
5652—0 Type 310 35,36,210
52540 Type 316 35,36,37,
38,210
6061 Type 316 ELC 35,36,37,
38,210
3063 Type 317 35, 210
6363 Type 318 35,36,2W0
1% Type 321 35,210
214p Type 322 15,36,37,
38,210
214F Type 347 35,36, 210
356F 17=7PH, 3745 R 32636,37,
5052 17-7PH, 45 R, 35,210
(anodized) (buffed)
6061 17-7PH 35,210
(anodized) (unhardened) !
6061 Hasco-O-Seven 35,2
(HNO, Pass.) 1210
6061 Malin=Wilrlabrite 35,36,210
(detergent
wash)
6061 35
(WFNA Pass,)
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H Table 27. (Continued) E
% - i i = . e - .- — -~ T~ T ————— "~ ' == ~= = - = _ =" Eg
5 Aluminum Stainless Nickel Cobalt Other Other Pure H
: Alloys Steel Alloys Alloys Alloys Alloys Metals Reference :
- 1
Class 3 Metals 3
Maximum per cent of active oxygen loss (AOL) by HoO, in 1 we i
at 0 E (76 F) o 11,05 2t 06 (1o B 1oy Bz in, L weeks 5
i Minimum stability of HOp after test — 15% after 30 C (76 F) test :
Bronzing and staining, but no rusting or other corrosion preductsy .
slight attack may be allowed.
024 329 Inconel X None H~975 None 35,37,38,
210 :
Y am .,
6061 17-7P4, 45 Rc oy gg,zlo ;
(anodized) (electropolished)
017 17~4PH 3%
(anodized)
2024 Carpenter 20 35,36,21C
(anodized) Durimet 20 35,210
6061 AM 355 35,210
(hard coat)  19-9DL 35,210
16-25-6 35
Prcloy Type 35,210
02 porous wire
Worthite 395,210
tals
Maximum per cent of active oxygen loss (AOL) ty HO5 in 1 week -
not specified H
Minimum stability of HX, after test - not specified. H
Pitting or corroding during or after test :
2014 AM 350 Nickel Cobalt Mild steel Copper 3%,36,149,
210 :
217 410 Inconel Hayres 25 Be-bronze Zine 35, 36,149, :
210 i
7075 416 Monel Star "J¥ Chromaloy H=3 Tungsten 23,149,206, N
0
40E 420 Hastelloy Haynes 3 Duriron Titanium 35,36,210 3
218 430 sl Haynes 6 (cast) Sodium 35,36,210 :
355F 431 Hastelloy Haynes 12 Fanweld "O" Magnesium 35,38,149,
"CN 210
ATS0 440 5-588 Ni-Resist Baryllium 35,210
B750 443 Hasteolloy $-590 Tantung Cadmium 35,149,210
2024 446 "pe Dow metal JIA Chromium 35,149,210
(anodized) Rigimesh J Be-nickel Dow metal MA Gold 35,210
$S porous I11ium "G" Kennametal Iron 35,36,210
wire Chlorimet K-138 Lead 39,36,210 4
300 series SS Kernametal Manganese 35,210 :
powder compact K=3H Mercury 35,210 H
Type 302 Kennametal Molybdenum 35,94,149, H
powder compact K=501 210 H
Platinum 35,210 :
Type 316 Kennametal Silver 35,36,210 f
powder compact K=M :
Type 3028 Multimet N=155 35,210
powder compact
Type 316 + Cb 3
powder compact
Utiloy 3 35,210 :
Utiloy 20 35,210 :
Utiloy H 35,210 f
Utiloy NH 35,210 ;
35,210 1

Elgiloy




T TABLE 28, {Continued)
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HYDROGEN PEROXIDE AT 150 F(
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Material Classification

~ Material o . __Classification
Plastics - Polyvinylchioride snd_Copolymers

3 31

. et

Fluorcflex [-TP10O1
Fluorcflex T-TP10CD (black)
Fluran B=410C

Halgene

Hypaion S5=2

Hypalon Gasket

Hypalon V=54-8 (grayg
Hypalon V=56-A (gray

Hypalon V=163-4 (black)
Hyplon ™0" Ring (GRC 90-5)
Irrathene 101 (irradiated polyethylene)
Kel=F (unplasticized)

Kel~F 800 (Lot 5649)

Kel=F 820 (Ga028)

Kel«F 3700 gum

S0% Kel=F 3700~5C% Kel F 800
Kel~=F 5500 {unpigmented)
Kelw=F 3300 qum

KelaF 5500-12]

Kel~F 5500=61

50% Kel-F 5500-5C% Kel-F 800
75% Kel-~F 5500~25% Kel-F 800
Kel—F O-Ring (CPD. 7761~70)
Polyethylene

Rulon (Teflon Base)

Teflon {white)

Viton A (411A4) (black)

- i oXj a

Alanol tubing
Boltren 620C (gray)
Geon 118

Geon 404 (yellow)
Koroseal 110
Koroseal 117 (molded)
Koroseal 700
Lucoflex {translucent)
Lucoflex {(white)
Marvingl 218-200
Marvinol 218-201
Marvinol NG~3005
Marvinol NR-60Q10
Saran

Saran Rubber Q=187
Transflex Tubing
Tygon B=20

Tygon B=32

Tygon B=63

Tygon B=71

Tygon B=72

Tygon B-136

Tyyon S=22-1
Tygon TL=103
Tygon 2807

Tygon 3400

Tygon 3603

Tygon 3604A

Tygon 36C4B

Vinyl 79139
Vinylite VG 1914
Vinylite YU 1940
Vinyllte V5 1310
Vinylite VU 1900
Vinylite UE 1907
Vinylite VU 1920

FRONWNNWONF~RNORREEANWR—

W= NN
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——

wwwmnmnxg\rg\bubbbwwmuuws&maaaaummuwubmw

Vinylite VU 1930

Vinylite VU 1940
Plastics - Sj ubber Col

Fluorosilicone LS=53

407B=217-1

1240

81223

12601

12602

12650 (unpigmented)

12650 (pigmented red)

1267C

12670 (pigmented brown)

15060 (pigmented)

15080

ERARERBRARER

Parkone White 467-1 O~-ring
SE 450 (unpigmented)
Silastic 152

Silastic 160

Silastic 16C O-ring
Silastic 161

Silastic 181

Silastic 240

Silastic 250

Silastic 261

Silastic €75

Silestic 6-128
Silastic 7-180
Silastic 9711
Cilastic HR«9711
Silastic 9711 welded with S«2200
Silastic 5-200C—4-480
Silicone 407=B=217-1
Silicone 407-B-437-1
Silicone HT 5656
Silicone SR 5550
Silicone SR 3570

SR 59550

SR 3570

X=7181

Silicone Y=-1749

pounds

Rubbexs and Plastics - General

Acrylon Rubber BA-12
Acrylon EA=D

Adiprene C

Bisilon Nos. 50

Buna N

Butyl Rubber A 3405
Butyl Rubber SR-384
Cycolac {natural color)

Garlock No, 5681 éTaflcn—impregnated asbestos)

Hysar PA 478-l-1 (black)
Haveg 4l éAsbestos filled phenolic)
Haveg 60 (phenolic)
Hysol 4=77C éclear)
Hysol 4=77D (amber)
Hysol 4-77E

Hysol 4-77F

Hysol 4=78A (white
Hyscl 4-78B (brown
Hysol 4-78C (amber

Hysol 4-78D (amber

Hysol 6000 B (ambet)

3
3
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TABLE 28, (Conitinued)

. . Material

Kralite

Melmac Ne, 1077
Mylar A

Mylar B

Neoprene Pure Sum
Neoprene SR 365-B
Nylon
Phenol-Formaldehyde
Plexiglas
Pclystyrene (Poiyflex)
Tnickol EC-8CL-LP2
Thiokel 3000 FA
Thiokol 3000 ST
Thickol 1620 AH

ials and A

Cremelic MI=41l (Teflon Fiberglas)
Durcid 5600 (fiber=reinforced Teflon

Falrprene PS57-167 (Vitcn A, 116 Gliass)

Fairprene PS57-168 (Vit~n A, Dacron)
Fairprene (Viton A)

5806

5807

58C9
Kel~FeDacrcn Diaphragm=VL-1101m4
Kei-F 516 Diaphragm
Kel-F S5C0 (gray) Diaphragm
Kei-F 2500

Siiasiic DG=9711 on Dacror diaphragm
Vinyl coated Fiberglas (graye-green)
9711 5ilicone seal washer DC A 4094

adhesive (Dow Corning Silicate base)

on aluminum
9711 Silicene seal washer DC Chemloc

€07 adhesive ¢n aluminum

Bozous Materials

Al-Si-Mag, Porous Ceramic No, 393
Aluminum Oxide, Porous-RA-98
Armalon-Teflon Felt (impregnated)
ATmalon-
Dacron Cloth

Dac-2100

Dac=2101

Dac-2102
Filtros C Stone (55 Micron)
Glass Cloth G=206-C
Poroloy--30255 Wire
Porous Kel~F (15=Micron Poreg
Porous Porcelain {1,4 Micron

Porcus Teflon (9-Micron Pore)
Rigimesh J S5, Wire

Sintered 300 Series SS Powder Compact

Sintered 302 SS Powder Compact
Sintered 316 SS Powder Compact
Sintered 302B SS Powder Compact

Sintered 316 and Cb SS Powder Compact

Teflon Cloth (25 Grade)
Teflon Cloth—Repeat (25 Grade)
Taflon Cloth (40 Grade)

Teflon Felt (impregnated)
Teflon Cloth T-2300
Teflon Cloth T=2305

)

(gray) on Dacron diaphragm
Korda Flex (Teflon~coated glass fabric)

Classification

Rubbers and Plastics - General {continued)

LR ST N N N N PR RY
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TABLE 28 (Continued)

Material

Classifica

— - b.cg_

tion Sensitive

libcioants

Alkaterge C
Anino Siiane 0ii and Grease
Apiezon Hardwax W
Arochlor [22]
Arochler 1232
Arochlor 1242
Arochlor 1248
Arochler 1254
Bardahl
Carum 200
Ceresin Wax
FE-1
Dichloro-dbis=—tri-flucromettyl benzere
Dichlorohexafluorobutens
Fluorolube FS
Fluorolube FS plus 5% fluorolube liant greass
Flucrolube hedvy grease 17214
Fluorolube 21! [52i3
Fiucrolube 5
Fluorolube
Fluorolube 0i1, $=3C
Fiucrolube Grease, Hgel20C
Fluorolube Grease, GR—€6C
Fuormulation

F=9

0sS-1¢6

05~22

05-23

05=27

0s-28

05-30

08-32

05-23

-1

CP-3898-2

Skydrol (uncolored)
Halocarbon Qil 8-25 AV
Halccarbon Grease, Serles 2519
Halsocarbon Hi-Temp Stoptock Greass
Halccarbon Qi1 10=21
falocarbon 011 1l=14
Halogcarbon Stopcock Grease
Hexachlorobutadiene
Hexachloroprepylere
Hydraulic fluid RPM
Hydraulic Oii Houghton Safe 62¢
Kel~F Alkare
¥sleF Oil Cut No, I
Kei~F Oil No, 10
Kal-F No. 9G Grease
Lindol WF (tricresy: phesphate)
Lindol HFX
Ligqui-Moly Concentrate
Lubriseal
Mineral Oi;
Paraffin
Perflucroiube Grease FCD-759
Per:l.orslube Ofl FC-331

FC~332

FC~333
FC~334
FC-33%
Peirolatum
Pclychlc:opertane (stabiiized)
Rerex
Siiicone XF 224
Silicore OL. DC-7
DC-44
DC=200
DC-530
DC-701
DC-702
DC~710
Siifcone Oi1 GE 2v3733
GE 9134
Teactyl
1,1,2,2, tetrafluorcethyl dodecylether
Tributyl Phosphats
Ucon Hydrolube Uet

MPOPRNRRDORVOVLWALERLLLELAEMNELEN

b&“hhbhB&&AAA&DDANNNNNMA&Q&ADNM NNUOAUNN!U””\)&L.A&h'&bbhhh&h

Yo

NJC)
Noid)
Mo{d)
Noic)
Noig)
Nold)
Nolc)

Yes
No{d)

Ne é‘:)
Nele)
Yes
Yes
Yes
Yes
Yes
Yes
Nole )
Nole)
Nofe )
Nolc)

Nolc)
Yes
Yes
Yes
Yoo
Yes
Yeos
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yeos
Yos
Yos
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. et — s oo TABLE 78, (Continved)
: TABLE 28, {Coutinued)
. Material Classification material Formilation Cianslfication sempivelf)
% ~“Ceramics; Refractories, and Miscellaneous
: Agate (natural) 3
Agate (polished) 3
Al-Si-Mag (porcelaln) 2
Alundum LA 116 2
Boron Nitride 4
Carboloy 44-a 4 Crare Turead Lub. Ovidizatie O1: ale)
Carboloy 55-A 4
Carboloy 78 4 Fei-Prs, Cm8 Siicidal Copper FIPy)
Carboloy 999 4
Ceramic AB-2 2 Graphite Paste Giaphite aispersinan ate)
. Ceramic Al-200 2 G::p (Bl.e} 4{e)
R Charcoal 4 cﬁ;ﬁ?s(smn) ale)
: Crystalor. (Silicon Carbide) 4 MA e
Graphitar No, 30 4 Permaten aieiton Fore @
Graphite P5A6 Silver impregnated 4 & Gashet No. 3 4
Graphite P-35 Copper Impregnated a C3mi8 mopricans Serarel N ates
Graphite P-39L Copper impregnated 4 Pecosa Lyo. 4{s)
Graphite P-692 a Praszic Metal Noe Z2-elucinag filler, 4{e)
Karbate 4 latex base. Ko, 333
v Norbide 2 Rut.ang Pige Dope 59 filler, datex vane 4fe)
Synthetic Sapphire {polished) 1 S ate)
Protective Coatings T-F- ae;
(A, Recomrended for Long-Time Contact and Splash Re- Wecs NoGal. e)
sistance) XePirds ate)
Teflon léez Ke:eF Srease Yz, ¥
Kel-F V& . s
Kel~F on 1C6C Aluminum 1 e )
Kel=F on 5234 Aluminum 1 a.c-.;u,:f‘.-cecfufé'w‘ :m v '::d
Kel-F on 5652 Aluminum 1
Glass-lining (Clear) Light-Gray 1 (a) Based o~ servica exper:ernce.
Glass-linina (Cobalt) Cobalt-Colored Glacs 1 (0} Afrer Bdobour imq ae #E 2 {1er EY
{¢) Rurmimpact ve o 1 kg At rooe Tatur
(B, Recommended for Splash Resistance Service Cnly) {a) NC_,_:::C! :: _J: w3 :,_ : :p::":
' Tygon Paint 7286 TP-8l-Clear 3¢ (o) Tested 3t roor tmperetie.
Tygon Paint 71253 TP-1078 e I
Corrosite No, 921 3(9)
X ggi:g::z: }‘}'g: ggi gé:g TARLE 29. COMPATIBILITY OF MATERIALS WiTu METWYLENE O-L0R10E ‘0'26:2'
Plastic Metal No. 22 3(8) = Tempersture, F
{ '. Saran RUbber Q-1875 3(e) Ciave [Class ‘C;nu Ciasn fCiass C‘n:: "C‘;dn. Ciass
. Mv-Type No. 150 3(9) Noterial ; 2 |y P N 2 Rererances
, : Amercoat No, 1262 3(e) Metais
Helilex 3(9) 1306 Alvaiaen 2 e 12 [an
- - c T Copoer (3¢ ¢ ns FI
o Reolac Boay o, 8588 Ao [ s O
l : Steelcote Stainless Steel 3t res Bress 2.
Yeliow Brass i i
(C. Not Recomrended for 9C% H202 Service) uiid Stee 2% 3
Cost Iren i
Geon Latex 31X afe) e o
Flexcoat No. 1 Black 4e) i
Lithgow LC-600 (Gray) 4(&) x 1 2.
Amercoat Red 4(6) Worthite i3 22 . 2t
Prufcoat Medium Gray 4(e) Quriaen ke 11 202 " @i
Lithgow LC (600) (Brown) 40 «onicke: “ o 2
Veloform F-10 CPP304 4(:) ore: i e | an
Cordo .-255A 4 ) Hnuncvg .x R
Cordo Plastic Coating (E-l Resin + H-26 ale iAol we
Activator) (e) Leed - it
Chromalloy a(e) Gora B 20
Unichrome Drum Lining B-124-17 4(9) Tontalun = 2
Ucilon, System E Coasting 408 Stiver ) " i
EX63B Paint 4(9) Gllum i, .
Sesler ECBCl With Accelerator 4 Stonewere i 2
Rubber ]2
Asbestos i
, Graphite Ty N
{
I}
|
. - S
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TAME 3C. TMPATIBILITY OF MATEAIALS WITH MEB FULING KITRIC ACID TEPLE . ‘Tontfn.pdl
Tewperature, .
If” TRETIT) R FPBITY w T
Crane |Ciana [Ciasa (Clane [Rinas [Clann . L Cooxy 14y
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