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COMPATIBILITY OF MATERIALS WITH ROCKET PROPELLANTS AND OXIDIZERS

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

GENERAL CONSIDERATIONS Class 2

An Important consideration in rocket techno- The materials falling in Class 2 are similar
lcgy is the compatibility of each propellant with to those in Class 1, except that the corrosion rate
the container material. Serious problems arise be- may be as great as 5 mils per year.
cause many propellants are extremely reactive and
their containment is possible only with a few ma- Class 3
terials of construction. The resistance of many
alloys to fuels and oxidizers is dependent entire- A material in Class I shows only fair corro-
ly on the formation of an inert, corrosion-resistant sion resistance; rates of attack may be of the order
fi or barrier coating. In addition to corrosion of 5 to 50 mils per year. The material may also
vroblems, the presence of some metals tends to cause a moderate breakdown of the propellant, but it
promote decomposition of the propellant. Also, is not shock sensitive under conditions likely to
ceraln metal/oxidizer combinations may ignite if be encountered in service.
subjected to impact.

Class 4
Four years ago DMIC Memorandum 65 was issued

and included all information available at that time Materials in this class are not considered
on compatibility of materials of construction with usable for containing the propellant; they have
rocket propellants and oxidizers. Since that time *corrosion rates greater than 50 mils per year,
additional information on compatibility has been cause extensive decomposition of the propellant,
generated for new, as well as the more established, cause spontaneous ignition, or react on impact.
fuels and oxidizers. This report contains these
new data combined with the information presented in These classifications are summarized in
M1C Memorandum 65. In order to expand the useful- Table 1.
nZss of the report, the source of the data is ref-
erencedi\for each material. TABLE 1. COMPATIBILITY CLASSIFICATIONS FOR METALS(a)

0,5 k memorandum summarizes the available in-
formation on the compatibility of liquid rocket pro- Corrosion Resistance
pellants with prominent materials of construction. Penetration Shock
It is pointed out that compatibility data for ma,- Rate, Decomposition Sensi-
rials not ordinarily covered by the De~e R tls Class Rating mils/year of Propellant tivity
Information Center are included-. Thoe data were
found during the search fx-ifozmation on materials 1 Excellent <1 No No
that are within the scoe of the DMIC, and are in-
oluded-4o.-eonvanionce. J Fuels and oxidizers of <5 No Nc
current interest are discussed. The corrosion data 3 Fair 5 to 50 Some No
which are presented will apply to storing, handling,
and control equipment outside of missiles and to >50 Extensive Yes
missile components excluding combustion chamber. (a) The classification of a material is based on the
The compatibility of materials with reartioo prod- lowest rating of any one of the three properties.
ucts in combustion chambers, nozzles, otc.,1hwq'not
bes.a considered. Included in the summary are data
for many nonmetallic materials.) Thne 4e-d a ta Nonmetals
collected in conjunction witl t ose obtained for
metals but no concerted ef ort was made to secure Ratings for nonmetals are also somewhat arb!
compatibilitydata-f6r nonmetals. trary but wherever possible they follow those

described in the Titan II Storabla Prooellant Hand-
""The memorandum is subdivided into snctions ac- b o.169) The classifications are summari.ed in

cording to the propellant. Each material of con- Table 2.
struction is rated for a given medium as belonging
to one of four clases, based primarily upon corro-
sion resistance. Consideration also is given to
such factors as catalytic decomposition and sensi-
tivity to impacts- --. O. OTALI 2. COPATIBILITY CLASSiPICATIml1 FOR MO8IRTALS

CLASSIFICATION O ALs OF NATERCTION Clog
Vou O@ 0 to .25 .10 to 425 1.eto45 -1 r>2Metals percet 0 -to +25 <-1o >425
Durometer Road- A3 AlO Ale <-i0 or >410

Ing ChangeCi'SS 1 *iotct on Ptle-
sent on PilN# Bigt change .odorate change Sqvort

.he Class 1 materials are those which exhibit Visual almina- N ohang 11itght charge Moderate cho no Sewrly bils-
a corrosion rate of less than 1 mil per year. The cinchte, dis-
,sterial does not promote decomposition vf the ile

Spropellant or oxidizer and is free from impact spn-- gnermil use vl ated short sort tim ale
sitivity. ft be

**Chief, Associate Chief, and Research Chemical
Engineer, Corrosion Research Division, Battelle
Meorlal Institute, Columbus, Ohio.
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The compatibility data have been tabulated ac- Hercules Powder Company

cording to the maximum temperature permissible for Califorria Institute of Technology
a given material in Classes 1, 2, and 3. The m~ni- Jet Propulsion Laboratory
mum temperature at which a given material becomes Lockheed Aircraft Corporation
Class 4 (noncompatible) also is listed. For example, Missile Systems Division
a notation of RT under Class I means that the mater- Lithium Corporation of America
ial would fall into this classification up to room Menasco Manufacturing Company
temperature. It vill be noted, in many instances, Metal Hydrides, Inc.
that no temperature is listed for one of the more Monsanto Chemical Company
resistant classifications. This does not necessari- Research and Engineering Division
ly mean that the material does not fall in Class I Chemetron Corporation
or 2 at some temperature, but rather that insuffi- National Cylinder Gas Division
cdent data are available to assign a temperature Union Carbide Corporation
limit. .,.4nde Company

Union Carbide Metals Company
Occasional entries indicate that a material National Carbon Company

has a higher rating at higher temperatures, e.g., Olin-Mathieson Chemical Corporation
Class 1 at 160 F and Class 2 at 80 F. These entries Pennsalt Chemicals Corporation
reflect a conflict in reported data. Tn many of Thiokol Chemical Corporation
these cases, it is recommended that the original Reaction Motors Division
references be cons-ilted where possible, to deter- North American Aviation, Inc.
mine which results were obtained under conditions Rocketdyne Division
most nearly simulating the application in question. Rohm & Haas Company

Stanford Research Institute
In many cases, a material does not fit into a Solar Aircraft Company

classification becat'se (1) there is a scarcity of Sinclair Research Laboratories, Inc.
numerical data, or (2) the decomposition effects on Titanium Metals Corporation of America
the propellant are of primary concern. Hydrogen Virginia-Carolina Chemical Corporation
peroxide is a good example of a propellant for which Wyandotte Chemicals Corporation.
it is difficult to classify construction materials.
In such a case, the classification used in the table General information on compatibility and
is described in detail for the material in qestiun. properties of large groups of propellants are con-
Many materials are listed by trade names. Similar tained in References 3, 23, 81, 102, 110, 151, 196,
materials marketed under other trade names probably 198, 211, and 237. Information on handling, safety,would be giver the same classification. However, and toxicity is included in References 81, 195, 291,
only materials for which actual data are available and 302.
ar? listed.

SOURCES OF INFORMATION AMMONIA (NH 3)

The information on which this memorandum is Ammonia is a pungent colorless gas that is al-
based came from a variety of sources. A list of kaline in nature. It can be liquified at room
references is given at the end of the text. Ap- temperature at pressures above 100 psia. The vapor
propriate references for a particular propellant irritates the eyes and respiratory tract. The
material are listed at the beginning of each sec- threshold-limit value of toxicity in the atmosphere
tion. References are also included for each indiv- is 50 ppm.
ijual entry. In addition to reference material ob-
tained from published literature, specialists in Stainless steel, carbon steel, nickel alloys,
companies active in the development of rocket pro- silver, platinum, gold, and tantalum are sufficient-
pellants were contacted either by letter, by tele- ly resistant to anhydrous ammonia to be placed in
phone, or in person. The cooperating companies are Class 1, as shown in Table 3. Inconel, gold, plati-
listed below. num, and tantalum are Class 1 materials in moist

Aerojet-General Corporation ammonia. Carbon steel and cast iron are also quite
resistant and are normal materials of construction

Food Machinery and Chemical Corporation for ammonia service.
Becco Chemical Division

Belmont amelting and Refining Works, Inc. The copper alloys are less resistant tharw
General Dynamics Corpor'ation steel and have the disadvantage of being susceptible

Convair Astronautics Division to cracking in ammonia atmosphere.
Callery Chemical Company

Research and Development Division The upper temperature limit of many metals is
Celanese Corporation of AffrIca related to the initiation of the nitriding process.
Columbia-Southern Chemical Corporation Inconel is more resistant to nitriding than other
Commercial Solvents Corporation nickel alloys, mild steel, or stainless steel.
Douglas Aircraft Company, Inc.
Diamond Alkali Company Many organic materials are suitable for ammonia
The Dow Chemicpt Company service. Plastics and elastomers usually resist at-

Texas Division tack up to their softening point.
E. I. du Pont d& Remours and Company, Inc.
Foot* Mineral Company Most inorganic construction materials are not
Allied Chemical Corporation attacked by ammonia. Graphitic materials are con-

General Chemical Division sidered best for handling ammonia gas at very high
Hughes Tool Company
HEF, Inc. - Hooker Chemical Corporation and temperatures.

Foote Mineral Co.pany *Ammonias see References 80, 81, 92, 94, 102, 109,
110, 127, 128, 151, 181, 199, 211, 214, 217, 221,
287, and 295.
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MORON HIQI4,-1IU OY FUELS FLUORINE COMOJND$

Hi-Ca'-3P A number of fluorine compounds are being con-
sidered as oxidizers for rocket-propulsion _ystems.

The composition and properties of Hi-Ca;-3 are These include fluorine, chlorine trifluoride,
classified. -. bromine trifluoride, bromine pentafluoride, iodine

pentefluorlde, oxygen difluoride, oxygen difluorlde-
Many of the common construction materials are oxygen mixtures, ptrchloryl fluoride, perchloryl

compatible with Hi-Cal-3. Mild steels, stainlesi fluoride-tetrafluoro-hydrazine mixtures, end fluorine-
steels, copper alloys, nickel alloys, aluminu, ti- oxygen mixtures (FLOX). All of these materiels are
tanium, tantalum, and lead can all be used up to extremely active chemically. Under the proper con-
120 F and are listed as Class 1 in Table 4. Above ditlons, they will react with almost every known
this temperature, no data ee available. Organic alementj hence, they presenit severe corrosion and
materials mhich are compatible with Hi-Cal-3 are compatibility problems. These oxidizers, however,
listed in Table 4 as Class 2. ore not for the most part ssceptible to thermal

and catalytic breakdown an present little or no
Pentaboraee (B-H ). problem in this respect. Therefore, compatibility

ratings are based primirily on the reaction of the
iure pentaborane is a clear colorless liquid madium with the material in question.

that possesses an odor similar to that of rotten
pumpkin. It is pyrophoric and highly toxic. Maxi- Fluorine (F-1.
mum allowable exposure is less than 1.0 ppm. It
has a vapor pressure of 77 mm at 77 F and boils 3t Fluorine is a yellowish gas that has a pun3ent
137 F. odor and is irritating to the respiratory tract.

The threshold limit of toxicity of fluorine in the
Most of the metals used in rocket construction atmosphere is C.l olm. It is normally handled as a

are compatible with pentaborane, including iron, liouLd at -310 to -320 F.
steel, stainless steel, aluminum, copper, brass,
magnesium, titanium, etc. Data are presented in Many metals perform well in liquid and gaseous
Table 5. Tcflon, Viton, Kel-F, and fluorosilicon fluor, ne as can be seen from the data in Table 6.
rubber are included among the plastics and elasto- It is believed that a protective fluoride film which
mers that are compatible with pentaborene. Pants- forms n the surface of most metals imparts corrosion
borane forms shock-sensitive mixtures with most of resistance. On the other hand, some experiments
the chlorinated hydrocarbons that are used as de- have revealed no increased corrosion on specimens im-
greasers or solvents. rerced in liquid fluorine and wire brushed to remove

any film, suggestino no passivating effect from
Trialkyl Boranes*-* metal fluorides.(275)

Materials which have withstood I month's ex- Traces of water in the system react with
Pc surv ir. tuXithylburahO L[I 2H.)3Bj ka coloxless fluorine to form hydrofluoric acid. This acid tends
liquid that boils at 203 F) at 160 = with no ap- to attack some of the materials which are resistent
parerit attack includes to uncontaminated fluorine. Since moisture may be

present in many systems, Monel is usually chosen as
Metals N;onmetals e construction material because, in addition to

being resistant to fluorine, it also is resistant
Mild steel Teflon to hydrofluoric acid.
Stainless steel Phenolite
Aluminum Garlock 900 packing Titanium ignites** in liquid fluorine if sub-
Brass Garlock red rubber Jeced to impact or rupture. However, Ignition
Nickel Koppers 6200 does not propagate as it does in liquid oxygen.
Monel Super Dylan polyethylene Although ignition has occurred in at least one speed-
Inconel men of aluminum alloys, aluminum is not coosidpred
Lead to be impact sensitive in liquid fluorine.(275,/
Copper 'pitted) Dynamite caD explosions against tubes filled with

licuid fluorine have failed to cause ignition in
Materials which have withstood 2 weeks' expo- Monel, nickel, copper, brass, 304 stainless steel,

sure in tri-n-butyl borane [(C4H0)1B)(a colorless 316 stainless steel, 347liqud th &11 n .(27) tainles steel, and 1100

liquid tha. exerts a vapor pressrg of 20 mm at aiuminum.(275) lensile tests to fracture in liquid
228 F) at 122 F with no apparent attack include, fluorine have not caused ignition of A.350, 304L

stainless steel, 301 stainless steel, ASM 6434,
Metals Nonmetals 2014-T6 an? 7075-T6 aluminum, Inconel X, and

Ti-6A1-4V.( 233)
V.ild steel Teflon gasketStainless steel Palms~to gasket *Fluorines see References 7, 14, 15, 16, 20, 40,
Aluminum Koroseal 52, 58, 73, 81, 82, 83, 86, 90, 91, 93, 94, 99,
Brass Kea-F 100, 102, 110, 120, 121, 122, 123, 132, 134, 143,

aickel Hyer 146, 151, 152, 153, 159, 160, 161, 162, 163, 175,
opper Nylon gasket 184, 191, 194, 197, 199, 201, 202, 203, 204, 2C7,

211, 212, 214, 215, 217, 221, 224, 225, 226, 233,

237, 243, 251, 252, 253, 259, 261, 263, 264, 265,
iHi-Cal-3, see Ref,:tt-nce 103. 266, 268, 269, 270, 271, 272, 273, 274, 275, 276,4
*Pentaborane, see .eferences 56 and 294, 277, 278, 29C, 297, and 299.

*"Trialkyl boranesi See Reference 57. **Ignitlon - fluorines see References 141, 233, 274,

27t, and 276.
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Because of its strong oxidizirg prcperties, chlorine trifluoride can be handled in many

fluorine reacts readily and often violently with of the comnn metals shown in Table 11. As with

most orqanic materials. Only the highly fluorinated fluorine, a coating Is formed on metals, which pro-

hydrocarbons such as Teflon and Kel-F withstand con- vides protection from corrorive attack. Among the

tinued ser.vice..- metals which are resistant to CT? are copper, brass,
steel, Monel, and nickel. Of these, Mcnel and

Cleanliness !a essential for fluorine systems, nickel are preferred because of their resistance to

If the metal surfaces in contact with fluorine or hydrogen fluoride and hydrogen chloride, which ar"

for that matter elmost any strong oxidizer are con- formed by reaction of CTF with water. The organic

tamineted with organic msteri s, such as traces of materiels that are comatible are limited to Teflon

oil or grease, ocail hot spots may form which in and Kel-F.

tIrn may cause the violent burning of the encasing

material. Although some surface staining tis occurred in

tests employing impact, shock, and perforation, there

It is reconmended that equipment to handle has been no ignition of low-carbon steel, stainless

fluorine be first thoroughly cleaned tc remove all steel, aluminum, coppe I megnesiurr, or t~tanvm in

contaminants, e.g., organic matter, and then passi- liquid or gaseous CTF.fI14, 115)

voted with fluorine diluted with an inert gas.
Cleaning and pessivating treatments similar to

FLOX.* those described for metals that are used to contain

fluorine must be used for CTF systems to reduce the

Mixtures of liquld fluorine and liquid oxygen possibility of rapid reactions.

(called FLOX have received some consideration as
oxidizerK. Typical ratios are 40t60 and 20180 Bromine Trifluoride (BTF)(BrF3 *

fluorineaoxygen. The limited compatibility date

that are available for FLOX are suararized in Bromine trifluoride is a colorless liid that

Table 7. In general, it appears that any material boils at 275 F. Its vapor pressure at 70 F is

which performs well in liquid fluorine also per- 0.15 psia. It is toxic and has a threshold limit

forms well in FLOX. value for toxicity in the atmosphere of 0.1 ppm.

Oxygen Diflqride jF4** Bromine trifluorlde reacts violently with many

organic compounds and vigorously with water. BTF,

Oxygen difluoride is a colorless gas and a like CTF, appears to react with some metals to form

brownish yellow 1lq'Jid. It boils at -220 F. It a protective coating of the metal fluoride. As

is tcxic and possesses ahut tho seine letnalo.'ar- chown in Table 4, this costing permits the use of

acteristics as phosgene. nickel up to about 1300 F, copper to 750 F, and
steel to 48C F. The date are not sufficiently de-

The limited data on the compatibility of m tailed to pernit a more extensive c1pssification

tersls wllt, oxygen difluoride and oxygen dlfluoride- than that shown in Table 12.

oxygen mixtures are cumrnarized in Tables B and 9.
in general, the materials behave as we.. as, or Metals which do not form protective coatings

better than, in fluorine. No detonation has been are vigorously attacked. Examples of this type of

observed in steel cylinde-s when filled with OF 2  condition are molybdenum and tungsten, either as the

liquid or gas and struck by 0.22-csliber long rifle pure metal or in an alloy. Titanium is also at-

bullets fired from 50 feet.(l24 tacked by BTF. Boron, silicon, columbium, and sul-
fur all burn in BTF (liquid).

Ozone Difluoride (0 F
--2e Materials of construction, equipment design,

Ozone difluoride is a viscous blood-red cleaning, passivation, and general handling practice

liquid at -297 F. At -25C F it decomposes into foz bromine trifluoride are the same as for chlorine

oxygen and oxygen difluoride. tilfluoridb.

There is little published information on 0 3 F2 . Bromine Pntafluoride (BPF)(BrF))

The corrosive effect of C.05 percent O3F2-LOX 
on

stainless steel is reported to be about the same Bromine pentafluoride is a colorless liquid

order of magnitude as that of fluozine.(83, Com- that boils at 105 F. Its vapor pressure at 70 F is

patibility data are summarized )n Table 10. 7 psi&. The toxicity threshold-limi4 value of BrF5
in the atmosphere is 0.1 ppm.

Chlorine Trifuoride CTF)(C1F,1' Bromine pentafluoride reacts with most f the

Like fluorine, chlorine trifluorlde is among known elements except nitrogen, oxygen, and the rare

the most active chemicals known. It is a nearly gases. Under the proper conditions, it will react

colorless gas at atmospheric pressure and room with most inorganic compounds except those contain-

temperature, but ;an be liquified by the application ing flu-rine in their highest valence state. Most

of slight presak.e. CTF reacts violently with organic compounds react violently with BPF at room

water and many organic compounds. It attacks the temperature and atmospheric pzsasure. Detailed

respiratory tract. The threshold-limit value of corrcsion data for metals are not available.

toxicity for CTF in air is 0.1 ppm. Recommended materials of construction for BPF

*FLOX. see References 224, 266, ind 267. are the same as those for chlorine trifluoride. The

nxyen difluorides see References 83, 124, 224, zeme precautions for cleaning and pa5stvation must

238, 282, and 283. be followed.

***Chlorine trifluoride, see References 17, 23, 40,

81, 82, 106, 110, 111, 112, 113, 114, 115, 116, *Bromine trifluorides see References 82, 94, 106,

117, 118, 119, 151, 158, 200, 211, 243, 244, 269, 151, 211, 243, and 269.

and 286. **Bromine pentafluoride, see References 243 and 269.



IoOine Pigntafluoride (IFF)IF.)* are sumimarized in Table 15. With the exception of
columbium, molybdenum, and titanium, moat metals

Iodine pentafluoride is a colorliss liquid5. __perform well.
Iat-boils at 21V7F andises a-vapr~pressure of-.4 :_-- -i . -- _.- .- 7- .- ...

psi. at TO F. Its toxicity threshold-limit value Compatibility data for materials in 50 per-
is 0.1 ppf. cent perchioryl fluoride-50 percent tetrafluoro-

hydrazine are presented in Table 16. All of the
Iodine pentafluoride is the least reactive of usual metals of rccket construction appear compati-

the halogen fluorides. Very few qruantitative cormo- ble in both the liquid 3,-d gas at -109 F. (Tetra-
sion data for common materials of construction in fluorohydrazine boils at -100 F. It can be liqui-
IFF are available. However, It Is reported that fled at room temperature at pressures greater than
most metals are only slightly attacked by It at 600 psi.)
ordinary temperatures. Tlhe recommended materials
of construction are the same as those for chlorine Halogenated H~drocarbon Propellarnts*
trifluoride.

Halogenated fydrocarbon propellants are
IPF reacts violently with water. It also re- chiefly fluorinated ahd chlorinated m~ethane and

acts with most organic compounds. Those rich in ethane. Many are well known as refrigerants under
hydrogen will yield hydrogen fluoride and tend to the trade names of Freon, Genetron, etc. They
ignite. Reaction with chlo.-ne-containing compounds range from gases to liquids at room temperature
tends to release free iodine. with boiling points of about -20C F to about -2CC F.

Perchloryl Fluorije (PF)(ClC.3 ) Compatibility datd for some five propellants
are sunm'arized in Tables 17 cc 21. Most of the

Perchloryl fluoride is a colorless gas with a cor-on structural materials can be used satisfactor-
sweet odor. It can be Ii ulified at room tem 'oeratu;rf ily vith the halogenated hydrocarbors. At high
at pressures in excess of 15C psia. PF affects the temperatvres, some mretals promote catalytic break-
respiratory tract and cause~i 'burns" if the liquid down of the propellants. The general order of this
is splashed nnto the body. The toxicity threshold- tenden~y iss Inconel<l8-8 stainless steel<nickel(
limit for PF in air is 3 ppm. copper<l34C stoeel<al uminum<bronz e< brass(silver. (68)

Aluminur.i alloys containing more than 2 percent mag-
Anhydrous PF is normally shipped in llquid nesium and magnesium alloys are not recormrnendc-d for

form in steol containers. Tab'e 13 shows other use in halogenated hydrocarbons containing water.
mnaterials which resitt PF qu-te well.

Impact tests at 70 ft-lb in Propellants 113
Reactlons of PF with water are rery slow up to and 114B2 have not caused ignition of aluminum,

temperatures of about 575 F.- However, In the pres- aluminum plus alumina sand, titanium, titanium-
ence of water, Pr becomes more corrosive as indicated plus titanium filings, or titcnium plu;s alumina
in Table 14. Under mist conditions, Types 3C4, sand.
310, and 314 stainless steels have shosAr irelatively
good re~sistance at room temperatures. Short-time Tetrafluoroethylene and chlorotetrafluoro-
tests also have shown the nickel alloys, iastelloy C, ethylene plastics and orlon, acrylic are generally
titanium, and tantalum to have good resistance, suitable for use in halogenated hydrocarbon propel-

lants. Polyvinyl alcohol resists these propellants
Grenade or cylinder-perforation tests resulted but Is sensitive to water. Phenolics, Delrin acetal

in dotonation of tit nium in liquid and gaseous resin, nylon, polyethylene and vinyls are suitable
perchloryl fl uoride.41149 l5 ) T itaniumr also ignited for use In many applications, but the behavior of
under impact in perchloryl fluoride but the burning different types may vary in different propellants,
was not sustained '. Other metals which underwent and thus should be thorough~y tested before use.
these same tests but did not ignite were, steel, Methacrylates and polystyrene are generally not
stainless steel, copper, magnesiumn, and alumni- su ita ble. No single elastomer has been, found to be
nu:,-.'\114,115) compatible in all halogenated hydrocarbon 'oropel-

lants, but a satisfactory cortnation can usually
Teflon and'- Kel-F are very resistant to attack be tound.(68)

by PF. Cthei plastics which are suitable are un-
modified phenolic resins and epoxy resins. Rubbers HYDRAZINES
which are compounded with -arbon black tend to be
Inflammable, while those with iron oxide fillers are :Iydrazine (N ;4.
not inflammnable. The large surface areas of sponge
rubbers make them inflammable. Ordinary oils, Hvdrazine is a clear oily llquid with a- odor
greases, and waxes should never be used with PF, similar'to that of affrnoniz. Its vapor pressure at
however, fluorocarbon cormpounds are compatible. 80 F is 0,.31 psia and It boils at 236 F. Hydrazine
Many organic materials do not react with PF at room vanors affect the respiratory tract, nervous sys-
cernperature, but if Ignited will burn violently. tom, liver, end kidney, an-d cause "burns" wher,
Some inorganic materials react rapidly, e.g., mercury esollad on the skin. The toxicity threshold-limi:t
and_ "Indicating" Drierite. value in the atmonsphere is I ppm.

Mixtures With Pe-chloryl Fluoride The Information regarding the compatibility of
various metals and nonmetal. with hydrazine and

Compatiblity data ior materials in 25 percent
perc:hlorvl fluoride-75 pqrcent chlorine trifluoride *hal~ogenated hydrocarbon propellantsi see Ref, --

______ ______ences 51, 5-1, 68, 84, 136, 214, and 279.
*Indine pentafluorider see References 243 and 269. *-tiydrazine i see References 3, 4, 7, 232, 70, 81, B2,
**Perchloryl fluoridet see References 81, 82, 83, 102, 110, 133, 145, 149, 151, 170, 171, 172, 1-3,

L11C, 111, 112, 113, 114, 115, 116, 117, 118, 119, 174, 183, 196, 211, and 216.
151, 211, 219, and 224.



hy.r.zine-weter mixtures-is ot c Iltel-y consittent-- Copper, lead, zinc, and alloys containing more than
These differences appear to be related to the speci- 0.5 wt% molybdenum are not compatible with mciemethyl
fic application. For example, a metal may be satis- hydrazine.
factory if air nxidation of the surface can be pre-
....ented On. theotn hand, this same metal may be Unsvmetrical Dimethyl= Hydrazine CH-

unacceptable tor service in which prolonged exposure
to air cannot be avoided. UD& is a clear liquid with the odor of amonia.

Its vapcr pressure at 80 F is 8.4 psia and I. boils at

In assessing the compatibility of a material 146 F. its toxicity is similar to that of hydrazine
with hydrazine, two major factors must be considered but not so severe. The toxicity threshold-limit value
for any given exposure condition. They are: of UDMH is 0.5 ppm.

(l) The corrosion behavior of the In general, unsymmetrical dimethyl hydrazine

material in contact v.'ith hydrazine affects materials in much the same manner as hydra-
zine. Of the metals, low-alloy steels, aluminum, and

(2) The effect of the material and/or stainless steels are comrronly used to contain U-IH.

corrosion products on the rate of Aluminum is attacked by UDMH if watvr is present with
decomposition of-hydraz-1ne. the attack being in direct proportion to the amount of

water. Teflon, Kel-F (unplasticized), nylon, poly-

This is particularly true for carbon and low- ethylene, and Haveg 60 are among the plastic materials
alloy steels, copper alloys, and molybdenum. From which are not attacked by UDMH.
the corrosion standpoint, they are satisfactory.
Cr the other hand, these metals and/or their corro- Lubricants such as APS C-407, Parkerlube 5 P,
sion products catalyze hydrazine decomposition at Molykote, and Peraline 12-4 may cause decomposition
elevated temperatures. Explosions may occur. At On the other hand, litharge and glycerine paste, X-
one time, it was believed that Type 316 stainless Pando, and Q-seal are compatible and can be used for
steel (containing molybdenum) caused explosions thread compounds and other similar applicatiuns.
when contacted by hydrazine at elevated ten.perature. Petroleum and silicone greases do not react, but
However, it is now generally agreed that the hazard are dissolved by the UDM.H. Data for all materials
frcr misoperation in hydrazine and unsymmetrical are summarized in Table 23.
hydrazine is no greater with 316 stainless steel
than with any of the other 30C series stainless Hydrazine-Unsynretrical Dimethyl
steeis. (254' Hydrazine Mixtures*

.V-st metallic materials of construction are Much of the information or, properties and
compatible with hydrazine. Data are summarized in compatibility of 5C:50 N2 H4 1UDM (Aerozine 50) is
Table 22. sumrarized in the Titan II Storable Propellant

Handbook.(l67,168,1ov) Most of the common -etalllc
"ary plastics and rubbers are compatible with materials of construction are compatible with !,2H4 :

hycraz;ne at room temperature. Graphite and UDP4 at room temperature, including aluminum al-

Gra-hitar are not suitable, since they tend to pro- loys, steel, stainless steel, nickel alloys, and
mote decomposition, titanium alloys. As described under "Hydrazine",

Type 316 and molybdenum-containing stainless steels
Monomethyl Hydrazine (C1.3N,:-i 1* are nn longer belie.e to pose an explosion hazard

oo" hy -- with 505O N H2H:UDid.(254) Of the plastic materials

Monemethyl hydrazine is a clear liould with the only some of the fluorocarbons, polyethylene, poly-
odor of ammonia. it has a vapor pressure of I psia propylene and polyolefins are Class 1 materials.
at SC F anc boils at 189.5 F. Its toxic properties Compatibility data are sum-.marimed in Tables 24 and
are somewhat similar to those of hydrazine. The 25.
recomrended threshold limit is 0.5 ppm in the atmos-
phere. HYDROGEPN***

The following materials can be used in the Lipuid hydrogen boils at -423 F. Hydrogen is
storage and handling of monomethyl hydrazinet not toxic in the usual sense but will cause "burns"

if the cold liqjid con:acts the skin. Hydrogen is

Metals readily ignited in air at concentrations of 4 to
74 vol%.

303 stainless steels
304 stainless steels Liquid hydrogen and gaseous hyJrogen at low
321 stainless steels temperatures are both consloered to be noncorrosive.
347 stainless steels Embrittlement of metals by the low temperature of
4130 steel the liquid or gas is a more important factor. As
Aluminum alloys to 160 F can be seen in Table 26, a number of metals can be
Aerobraze-I *Unsy-rwetrical dimethyl hydrazinet see References

3, 7, 23, 24, 54, 6C, 61, 62, 63, 79, 81, 82, 92,

onmetals 102, 11C, 145, 151, 15b, 156, 157, 164, 171, 172,
173, 1-4, 182, 196, 198, 211, 227, 223, 281, and

Tetrafluoroethylene resins 296.
High-density polyethylene **HydrazI ne-unsyTretrical di.nethyl hydrazine mix-
Some silicone rubbers turest see Referonces 4, 31, 47, 48, 49, 50, 165,
Some unplasticized trichlorofluorethylene 166, 167, 168, 1b9, 170, 198, 205, and 254.

*'"Hydrogena see References 34, 46, 74, 80, 81, 82,

*Monomethyl hydrazine: see Reference l)4. 93, 151, 181, l )9, 211, and 221.



rated compatible (blest 2) with liquid hydrogen; Modifications of thE prnoedure ar.d other
amung these are the 300 series stainless steels, treatments which prodlce the same result may be used.
Type 410 ,tainless steel, .a.1sminum and most, of its
alloya, some nickel. alloys cobalt alloys, *a .. St nless Steel ,pssi.atioj --. -

morybdenu-. Th use of organic materials is limited
because of the effect of the low temperature on their The passivating procedure for the 300 series
physical properties. To avoid this temperature ef- stainless steels is similar to that for aluminum.
fect, "warm joints" are used, in which the gasket
material is kept at a higher ter perature so -hat only Step 1, clean with appropriate solvents and
hydrogen gas contacts a joint. Table 26 lists some detergent solutions to remove dirt, grease,
cf the organic materials that can be used with liquid and other contamination and rinse with tap
hydrogen. water.

HYDROGEN PEROXIDE # Step 2, treat with 70 percent nitric acid for

4 or 5 hours and rinse with distilled water.
An alternative treatment for 17-7R. steel

Hydrogen peroxide is a colorless liquid that uses a 2 percent Na2Cr2O7"2H20-20 percent
boils at 303 F. Its toxicity threshold-limit value solution for 1/2 hour at 120-130 F.
in the atmospheri is I ppm. --- H% 3

Step Z, condition the stainless steel in H202

When considering materials of construction for of the concentration it will be required to
handling and containing concentrated hydrogen per- handle. This operation should be observed
oxide, both the effect of the H202 on the construc- closely to determine whether decomposition
tion material and the effect of the construction is taking place.
material on the H202 must receive equal attention. Step 4, if decomposition takes place, repeat
If corrosion of the material takes place, usually the cleaning and passivatirg steps.
the H2 02 will also decompose, although the reverse
is not true, for some materials catalytically de- Some stainless steels may nut respond t) pas-
compose H202 without much corrosive attack occurring. sivating treatments without prior cleaning by pick-

One means of reducing the decomposition is to ling in a : HF-lC% nN 3 solution.

passivate the construction material before use. Pretreatment of Plastics

Aluminum Passivation Plastic materials must be cleaned with the

appropriate solvents or detergent solutions and
An accepted passivation procedure for aluminum rinsed. Next, they should be pre-exposed for 16 to

consists of several steps. 24 houis in the i-i 202 solution in which they will be

Step 1, thoroughly clean th- metal. This step used.

consists of degreasing with trichlorethylene,
perchlorethylene, or a detergent wash, or Discussion
both, depending upon the type of contaminat-
ing dirt, followed by thcrough rinsing with Another method which effectively reduces the
clean water. decomposition is the addition of sodium stannate to

Step 2, treat with 5 percent nitric acid for 1 H2 02 in about 2.0 ppm concentration. This treat-
ment is effective in reducing decomposition after

Or 2 days. Rinse with tap water. Spots or refilling a container with fresh stannate-free i-212 ,
areas which are not passivated can be readily
identified. These spots will not have the In general, the acceptability of a material for
uniform dull, velvety finish characteristic H202of pasivaed al-ninH202 service is based mostly upon the amount of ac-
of passivated aluminum. tive oxyten. that is lost by decomposition rather

Step 3, reclean unpassivated areas and dig cut than ',oT: d corrosion rate of the construction ma-
are3s containing iron or other inclusions in terlai. Accurdingly, the "claos" ratings used for
the aluminum, materials for H2")2 have been based on decomposition

Step 1, repeat the cleaning and nitric acid limits. Table 2- Jescribes these limits in jetail
Ste reetunti the lnin m an s nitiacd for four classes of raterials. The table lists thetretments until the aluminum is satisfac- material in each class immediately under the
tor:ly passivatod. description.

Step t, treat with stabilized 35 percent H202
for 1 to 3 days. The passivity of the alumi- Alumirum, some of its alloys, tantalum, and
num ;an be checked by the amount of decompo- zirconium are the only metals included in Class 1.
sition of the 35 percent H202, by gas bubbles,
and by the warming of the solution. Many aluininur alloys, stainless steel alloys,

silicon, and tin fall Into Class 2.
Step 6, rinse with distilled or deionized
water. Class 3 contalns other aluminum alloys, a

StE 7, expos, -o 90 percent H202. During the variety of stainless steel alloys, Inconel X, Alloy
the first l. to 24 hours of exposure to H-075, and Refractalloys 26 and 70.
strong H2 02, equipment must be carefully
watched to be sure that the H202 is not de- In general, the presence of copper in an aluci-
composing. num alloy greatly reduces its compatibility with

4
Hydrogen peroxide. see References 23, 28, 35, 36, H20 2 . The 1060 alloy is most widely used in go per-

cent H2 02 service; however, several other alloys
37, 38 41, 44, 75, 76, 77, 81, 82, 94, 101, IC2, are considered to be Class 1 materials.
105, 1*8, 110, 129, 144, 147, 148, 149, 151, 186,
187, 198, 206, 208, 210, 211, 213, 221, 229, 230, The attack of an aluminum allny is usually of
234, 245, 246, 24Q, 250, 258, and 293.~the smooth overall type, but pitting occurs



occa'sionally. Pitting Is us afly attributed to the Liquid methylene chloride is compatible with
presence of ImpJrities which cause local breakdown copper, steel, austenitic stainless steels, Hastel-
of the 4202. Caloride ions also accelerate the pit- lay B, Hastelloy Ct asbestos, and graphite. Gase-
tlng attack. he additioh of small amounts of eos
nitrate -ion,7sUih as sodium iltrate, -tends to reduce compatible with sorthite and Durimet 20. Comoati-
the action of the chloride ion. However, the pres- bility data are sumimarized in Table 29.
ence of i0 mg ,'" per liter causes accelerated at-
tack even with nitrate present. Anodizing of the NITRIC ACID (H .j
metal also reduces the attack by H202 with chloride,
but damage of ihe anodic coating localizes the The nitric acid used for propellants is usual-
pitting in "he damaged area. The addition of com- ly in the concentrated form referred to as "fuming
pounds to H202 which change the pH in either direc- nitric acid", In general, the fuming acids con-
tion from the reutra' point may accelerate attack. tain less than 5 percent :ater. If the acid con-

tains dissolved oxides of nitrogen, It is known as
Galvanic coupling of aluminum to stainless "red fuming nitric acid' or "RFNA". The %4c2 con-

steel results Ln increased attack on the aluminum, tent normally varies from 7 to 30 pezcent.
Chlocide ions -n turn increase the galvt:nic effect.

Nitrogen dioxide is not present in "h;ite
Many of the higher strength aluminum alloys fuming nitric acid" or "WNA", which contains a

are not compatible with H202l therefore, ono alter- minimum of 97 percent HNE.
native is to use a strong alloy clad with a com-
pa-bl. grade. CO coarse, spe-Ia! attention must 'ydrofluoric acid may be added to either RFNA
bE qiven to welbs, to insure complete covering of or VENA as a corrosion Inhibitor. Listed below are
the base alloy, the Military Specification compositions of inhibited

and noninhibited acid (MIL-N-7254 C, July i9, 1956),

Many cases of decomposition of H2 02 in alurrinu a

or other compatible uetals is traced to soluble or Wite Fuming Nitric Acid
suspended contamination of the P202 and not to an Type 1 A
effect of tle container material. Type 1 CI WNA)

The table shows that the 300 series stainless Nitric acid (HNC3 ) 97.5% min. 96.8% rcin.
steels cannot be rated as Class I, but give very Nitigen dioxide (hK2 0.n + C.5% 0.C + 0.5%
good Zlass 2 service. The KCC series steels are
used for high-pressure flowing systems and may be Water ( 2  2.0 ax 2. % max.
welded. Chloride contamination, at the 10-mg-per- Hydrofluoric acid (HF) 0.0 C.6 k 0.1%
liter level, does not appear to cause pitting in
stainless steels. The galvanic effect in adum-*nxm- Red Fuminz Nitric Acid
stainless steel couples tends to protect the steel. Tric A
The 17-7PH grades of stainless steel are satisfac- Type III _tRFNA)
tory with H20,, hut the 400 series is not. A 120-
grit finish on the 17-7PH steels improved their Nitric acid (HNC-) 82.0 - 85% 81.3-84.b%
service. Nitrogen dioxide \N(C2J 14.0 k .% 14.0 ± 1.0C

Lower concentrations of H202 (52 to 90 percent) Water (H2) 2.5 ± 0.5% 2.5 + C.5%
require the same materials of construction as 90 Hydrofluoric acid (HF) 0.0- C.6 * C.1%
percent H202. Higher strength peroxide (98 percent)
is, in general, more stable than 90 percent H2C2 In Red Fuming Nitric Acid
contact with metals. Aluminum alloys 1060, 5052,
and 7072 are rated Class I. Stainless steels Types Red fuming nitric acid is a highly corrosive
304, 316, and 347, and aluminum alloys 6061 and material; therefore, the choice of construction
356 are rated Class 2. materials is based upon the corrosion resistance of

the material rather than on the catalytic decompo-
In the transporting of high-strength H202 , sition of the acid. Aluminum and st&inless steel

1060 aluminum has been used in tank cars and 43 alloys are usually used to handle RFNA. The com-
aluminum or 300 series stainless steels in self- patibility data in Table 30 indicate that at room
priming centrifugal pumps, while valves, fittings, temperature, the corrosion rate for aluminum alloys
and instruments ?je, sually made of 300 series is slightly higher than for the 300 series stain-
stainless steel.208) less steels. It should be noted that at 160 F,

aluminum alloys are more resistant than stainless
Of the plastics and rubbers, molded Teflon, steels. Stainless steels and aluminum alloys are

Kel-F, and Mylar B are rated Class I (unrestricted usually attacked in a uniform manner. However,
use). Koroseal 7C0 has been uied extensively as selective attack in the heat-affected zone near
gasketing material. Many lubricants exhibit impact welds is sometimes produced. Knife-line attack at
sensitivity in H202. The fluorinated and chlorinated welds may occur in aluminum alloys above 120 F. The
lubricants appear most promising with a Class 2 I060 alloy appears to be free fron, this attack to
rating and no Impact sensitivity. Compatibility data higher temperatures. The low-carbon grades of the
for nonmetals in H202 are presented in Table 28. 3C0 series stainless steeis and those containing

columbium or titanium are less susceptible to attack
M TJLENE CHLORIDE (Ck * at welds than are the regular grades. Aluminum,

when coupled to stainless steel, acts as a sacrifi-
Methylene chloride is a colorle : liquid. It cial anode to protect the steel.

boils at 104 F and exerts a vapor pretstre of 380 *Nitric acids see References 18, 19, 29, 30, 32,
mm at 72 F. The toxicity thresholm 11mit for 39, 64, 69, 81, 82, 87, 89, 93, 95, 96, 97, 102,
CH2 C12 in the atmosphere is OC 104, 110, 127, 128, 130, 133, 135, IO, 151, 179,

*Methylene chlorides see Referen. s 127, 129, and 181, 185, 188, 189, 190, 192, 193, 198, 20-, 211,

211. 214, 221, 222, 223, 239, 240, 241, 242, 248, 260,
287, 298, and 300.
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As little as 0.1 percent HF added to RPNA Titanium is resistant to N2 04 except under Im-

igritatly_ educes the corioaion rate of both aluminum-- pact It has been found that titanium impacts spo-
* and atuinleas steel. If this change from RFNA to radically under reasonably -ell controlled test

IRFNA is made in stainless steel equipment and eel- conditional the ignition frequency is increased
ective attack has already started, the inhibitors markedly by titanium filings or glass particles on
are* not effective. The HF inhibitor-reduces the... the_-impact surf ace 1_increasing- the -impact-enerqy

7selictie tteckateidm,-peritting use at higher level increases the ignition frequency; and in-
temperatures. creasing the water content of the N204 to 2 to 5

percent lowers the ignition frequency.(256,25-,292)

Titanium and tantalum are both resistant to The ignitions do not spread beyond the impac: area.

RFNA! however, caution must be used with the titan-
ium alloys. A pyrophoric reaction may occur with Moist N2 04 is, in general, moro corrosive

titanium alloys in RFNA which contains less then because of the nitric acid formed. As shown in

1.5 to 2.0 percent H20. Both titaniua and tantalum Table 34, at levels of up to 1 percent moisture in

are attacked much more rapidly by IRFNA than by N20 4 , most common metals are still "lass 1 at room
the acid without the HF addition, temperature. With 3.2 percent moisture in J204

the corrosion resistance of steel and aluminum
A number of other alloys are compatible with alloys drops off markedly even at slight increases

red fuming nitric acid. These include cobalt alloys, in temperature. Data for the latter are summarized

Types 430 and 446 stainless steels, chromium, and in Table 35.

for some applications, nickel end some nickel alloys.
Platinum, gold, tin, and zirconium may be used. Low- Limited data on the compatibility of materials
alloy steels, lead, copper, and magnesium are rapid- with flowing N20 4 are presented in Table -6.
ly attacked by either RFNA or IRFNA.

The most resistant plastic materials are rol'-

Wite Fuming Nitric Acid merized fluorinated hydrocarbons such as Teflon and
unplasticized Kel-F. Other plastics such as Koro-

White fuming nitric acid is similar to red seal, Saran, polyethylene, and Tyqon are suitable

fuming nitric acid with respect to compatibility for short-time exposures. Vinyl plastics, in general,

with construction materials. It is not so stable do not holo up well in '214.
as RFNA, but compatibility is largely dependent
upon corrosion properties rather than on decomposi- Asbestos and graphite are satisfactory for

tion. packing materials and graphite-watergiass fcr thread
comoound.

The corrosion behavior of metals in white fum-
ing nitric acid is much the same as that in RFNA. Impact tests at 6 ft-lb In liqu"! 2 ' ave
The same materials are resistant and the same ma- resulted in detonations of polydirethylsiloxane.

terials are severely attacked. However, Table 31 Similar tests at 70 ft-lb did not cause detonation

shows that the temperature limits are somewhat in polychloroprene, branched or linear polyethylene,

lower in the white fuming nitric acid. polypropylene, pol'inyldene fluoride, 'pNvinylioene
fluoride-hexafluoropropylene copolymer.'

l

Concentrated Nitric Acid

Table 32 has been included to show the com-
patibility of materials in somewhat less concen- Oxygen is a light blue transparent liquid at
trated acids than the fuming grades. It can be -297.4 F. In the liquid state it can ause "burns"

seen that acids from 80 percent up to the fuming if spilled on the skin. Oxygen supports combustion

range are much more corrosive than the more con- And accidental contact should be avoided with

centrated ones. Stainless steels are the best oxidlizable materials.

materials of construction for these acids.
Of the elemental materials, oxygen is next to

NITROGEN TETROXIE (N-041!fluorine in reactivity. It will form compounds with
all elements txcept the rare gases. However, the

Nitrogen tetroxide is an equilibrium mixture reactivity of livuld oxygen is very low compared

of dinitrogen tetroxide and nitrogen dioxide with that of gas-ous oxygen.

(N204< --->2NO2 ). It is a heavy brown liquid that
boils &t 70.1 F. The liquid causes severe burns on Liquld oxygen is nonsidered to be noncorrosive

boiy tissue. The toxicity threshold-limit value to most metals. In partirular, nickel, Wonel,

in the atmosphere is 5 ppm as N02 or 2.5 ppm as Inconel, copper, aluminum, 'he 300 series of stain-

NO04  less steels, brass, and silver solder are used in
Much of the information on properties and com- liquid-oxygen-handling equiprent,

patibility of N204 is summari ed in the Titan II Several instances have been reported of violent
Strable PopeI atHanoook,167,168,1 6r reactions of titanium and liquid oxygen which appeared

to be related to impact. The impact sensitivity of

Dry (less than 0.2 percent H20) nitrogen titanium in LOX has been investigated rather exten-

tetroxide can readily be contained b' several sively. It appears that the ignition of titanium
metals and their alloys. It is normally handled under impact occurs in thle following quenre,(138,

! 4 0
)

in aluminum, mild steel, cast iron, or stainless Oxygen: see References 1, 5, 6, 7, 8, 22, 22, 25,
* steel, although there have been reported Instances

of intergranular attack in welded 2014-T6 aluminum. 26, 27, 33, 42, 43, 45, 65, 66, 67, 71, 78, 80, 81,
Compatibility data are summarized in Table 33. 82, 98, 102, 107, 125, 126, 138, 139, 140, 141, 142,

151, 176, 177, 180, 181, 195, 198, 209, 
2
1i, 218,

Nitrogen tetroxide: see References 3, 9, 10, 11, 231, 232, 235, 236, 255, 259, 262, 284, and 285.

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 -, 22, 27, 42, 43,
168, 169, 170, 171, 172, 173, 174, 181, 196, 198, 65, 66, 71, 78, 126, 138, 139, 140, 141, 142, 176,'
205, 211, 220, 221, 245, 256, 257, 287, 288, and 292. 177, 180, 196, 218, 235, and 236.



(1) The Impact exposes fresh metal and results OZONE
in some gaseous oxygen being formed at
the point of impact. Ozone is colorless in gaseous and liquid- ktate.

-(2) The gieous oxy.gn reacs -t t It boils at -168 F -Tht toxicitythreshld;llmit.metal in an exother-mic reaction, value for ozone in the atmosphere is 0.1 ppm.

(3) The heat generated raises the metal There are few data on the compatibility of
temperature sufficiently to result In materials with ozone. It has been shown that 100
localized dissoluton of any Tb 2 film percent gaseous ozone can be stored up to 50 days
that might form. at 5 atm pressure and dry ice temperature (-109 F)

(4) Thus a protective oxide film does not in stainless steel, aluminum, ad glass with no
build up and the reaction proceeds rapidly decomposition of the ozone.(8
between the base metal and oxygen.

SOLID PROPELLANTS
Ignition of massive titanium is observed in

gaseous oxygen at liquid-oxygen temperatures at ANP-2639AF
pressures of about 100 psi and above. This criti-
cal pressure limit is lowered only slightly as the There are few or no data published in the
temperature of the oxygen is raised to ambient open literazure on the compatibility of materials
temperature. with solid propellants. Bent beam specimens of the

following materials bonded to nrope~lant ANP-2639AP
Massive aluminum exhibits ignitbon under and stressed to 75 percent of the 0.2 percent off-

severe detonation in LOX. The frequency is not so set yield strength have survived over l 9dlys'
great nor is the propagation sc seve.-e as it is exposure at room temperature and 180 F 09)
with titanium unler the same conditions. Magnesium
also ignites under detonation at shock levels higher Ladish D6AC
than those for t'tanium but lower than those for 300 M
aluminum. Vascojet 1000

AM-355 (longitudinal)
Organic materials should be avoided with both PI 15-7Mo

liquid and gaseous oxygen because of possibilities B12OVCA titanium
of e.'xplosions. Currently, there is no single test (longitudinal and transverse)
or grouc of tests which gives a reliable compati-
bility rating for organic materials in liquid oxygen Nitroium Perchlorate (N CO 4 1
service. It is recommended that organic materials
be avoided wherever possible and used only with Nitrunium perchlorate is a white crystalline
caution. No completely compatible lubricants have powder at roo temperature which has a faint odor
been found. Thread antiseize sealants of graphite of chlorine and nitrogen oxide. Its vapor pressure
in chlorinated organic carrier and halogen paraffin is less than 0.05 mr at 68 F. It selts and decom-
oils with pour points as low as -100 F have been poses at 25C to 285 F.
used in LOX 3ystems. Teflon, Mylar, and certain
chloroprene and Buna-N compounds have been used as The following materials are reported to be
static seals whil.e Kel-F-300, Kel-F-500, Kel-F-240, compatible with nitrorium perchlorates (55)
Fluorothene FYTD, Fluozother.e FYTS, and certain
chloroprene an Buna-' :ompounds have been used in Metals. stainless steel (mild steel if system
dynamic seals.(284,28t'  is dry)

Many organic and plasItic materials exbibit Nonmetalst glass, Teflon, unplasticized polyvinyl

impact sensitivity in LO( including:( 71,i26) chloride, polyethylene
Lubricants: Hooker Fluorilube Grease GR-54

(1) Synthetic elastomers and Thinkols Hooker Fluorolube Oil X-30
'2 Cellulose-based p s3M Kel-F Polymer Oil, Grade No. I
2 Ca papers Halocarbon Oil Series B-21.
(3i Silicone- and silicate-based oils and

greases

(4) Thermoplastics sLch as nylon and phenolics

(5) Thermo-setting re;Ins (phenolics, sili-
cones, epoxies, ec.)

(6) Petroleum-based oils and greases.

The fluorocarbcn plastics are probably the best
choice with respect to impact sensitivity. These,
however, should not be ubed with aluminLm. A
number of other organic materials right be used,
but specific conditions 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 a g4ide to selection.
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-l et I O Mild steel Be!l 120 F, probably highqr
3 t.i4 s .a,. x s 9= Is.1a,.x, 40/50 cs-bon stool Balom 120 F, probably hIghet

1"2:221 Not-rolled primer steel dei 12C F, probably higher
26.1l. Sttf I5 c 3C 5 .217,

7 Type 304 stainless steel Below 12C F, probahly higher10o Stutlna 552 5 tO 55 , , 27
9o. 6,M 7 3, j 7 Beryllium copper Below 1.2 F. probably higher

rtW, Cpro.-nlckel Rom 12:' F, probably hlgher
iurist t 2; Naval brass Helow 120 F, probably higher
Crp-,- it WO Pobtphor-brone Below 120 F, probably higher
It, hel 0 (00 2 21122.26'
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C2,s i, 21! .2 Nickel Below 120 F, probably l+ghur
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oast.12y C 40 C 20C,12,i't,

Alminrmn1 Blm L20 F. probably higher

W.129 Lead Class 2 at 12" F
-; Titanium Below 120 F, probab y hgqlhe:

6905 2 :o.,, Tantalum Below 120 F, probably higher

S. .8.2.. a

CuI Easton PV o$tl pipe No Chang. ut :2. F
repot=.+ Bakeltte No Change at .2, F

:: :i I -V+ Eposy resin Me change at :UP F

Graphite blearing No change at 120 F
D-. M, C Kel-F 30 No change .t 12$ F

. tI; *.-I: KaI-F 500 No change at !20 F
- I Teflon No change at 120 F

Ie -"I 2iYCar iool-bao-39-- No change at 12X0 F

Ce. tutu: 2 Vit or. 1]A-58 No change at .12C F
;-;, -"2I Hycsr O0088-520-39-20-3 No change at 120 F
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so. :ooin ;:sulfur binder)
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vfl ye, v. MO :' +o 0¢: ,

90. ~I p ycar l01-52C-34--5-5 10F, Bllistered
noet,,. I Compressed asbestos gesket 120 F, Fibers loosened

Oarlock 7228 (roprene binder) 120 I, istered
Hycar 1042-520-24-144-1 120 F, Brittle, crazed

,.5 ;; I Tygon tubing 120 F, Hardened
iGerlck 7705 (035 - blue 120 F, Stiffened

-: 5::.I { abests>'1 j jIj asbglas :20 F, Became soft and sticxy

0
55?C ,-- " Falrprene 5051 (neoprene on duck) 77 F, Stiffenwi

S: 11 R.-, Falrprene 5039 (neoprene o nylon) 77 F, Became brittle
Natural rubber 121 F, Softened, easliy torn

National 646, 0-ring 120 F, Stiffened
Neoprene 12' F, Softened
Hycar 1001-520-39-5-1 12, F, Stiffened
Hycar 1001-520-39-5-3 ;20 F, Stiffened
Silicone rubber 120 F, Deteriorated i a powder
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'A Alloy _ _St 4ee 3 A3 4y . . _AIst...... Al 03 _____ Alloys MksL els Reference -

it- t, -66 C' (10..-50

at 212 F in glassT

Ai 0 iiioiu 35,6,2

A! I c

A 160 5,1 'I! :1 j

TABLE 27. COMATIBILITY OF METALS WITH 90 PEXENT HYDRO)GEN 9ERDXIDE

Aluminum Stainless Nickel Cobalt Other Other Pure
Alloys Steel Alloys Alloys - Alloys Alloys Metals Reference -

B-356Class I Metals20

Maximum per cent of active oxygen loss (AOL) by H202 in I weeki
at 30 C (76 F) - 0.0%, at 66 C (150 F) - 5.0%

Minimum stability of H20 2 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 Zir coniu 35,36,132,
149,210

1160 35,210
1260 35,210

35,36,37,

38,210

B-356 35,36,3,

Class 2Metals210

Maximum per cent of attve oxygTn loss (AOL) by H202 in I leek0
at 3, C (76 F) - 6.0%, at 66 C (150 F) - 80%

Minimum stability of H292 after test - 90% stable 'In 24-hour test
at 212 F in glass

No other effect on 14202; slight bronzing of the metal allowable
but no corrosion

.3003 7pe 202 None None None Silicon 35,36,210
4043 Type 302 Tin (p) 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

*5254-0 Type 316 35,36,37,
38,210

6061 Type 316 E tC 35,36,37,
38,210

3063 Type 317 35,21C
6363 Type 318 35,36,2W
150 Type 321 35,210
214C Type 322 35,36,37,

38,2.10
2141 Type 347 35,36,210
356F 17-714i, 37-45 Re35,36,37,

210
5052 17-7PH, 45 Rc 35,210

(anodized) (buffed)
6061 17-7PH 35,210

(anodized) (unhardened)
6061 Hasco-O-Seven 35, 210
621~Pas. Malin-Wilplabrite 35,36,210M

(detergent
wash)
6061 35

(WW~ Pass.)



Table 27. (Continued)

Aluminum Stainless Nickel Cobalt Other Other Pure
Alloys Steel Alloys Alloys Alloys Alloys Metals Reference

Maximum per cent of active oxygen loss (AOL) by H202 in I weeksat 30 C (76 F) - 1.0%, at 66 C (150 F) - 100% in 24 hours
Minimum stability of H202 after test - 15% after 30 C (76 F) test
Bronzing and staining, but no rusting or other corrosion products I

slight attack may be allowed.
2024 329 Inconel X None -975 None 35,37,38,

210214F AM 350 Refractalloy 26 35,210
A360 17-7PH, 45 Rc Refractalloy 70 35,210
6061 17-7P, 45 Rc

(anodized) (electropolished)
2017 17-4PH 35

(anodized)
2024 Carpenter 20 35,36,210

(anodized) Durimet 20 35,210
6061 AM 355 35,210

(hard coat) 19-9DL 35,210
16-25-6 35
Proloy Type 35,210

302 porous wire
Worthi te 35,210

Class 4 Metals
Maximum per cent of active oxygen loss (AOL) by H202 in I week -

not specified
Minimum stability of H202 after test - not specified.
Pitting or corroding during or after test

2014 AM 350 Nickel Cobalt Mild steel Copper 35,36,149,

2102017 410 Inconel Haynes 25 Be-bronze Zinc 35,36,149,

2107075 416 Monel Star "3" Chromaloy H-3 Tungsten 35,149,206,
210

40E 420 Hastelloy Haynes 3 Duriron Titanium 35,36,210
218 430 "B" Haynes 6 (cast) Sodium 35,36,210
355F 431 Hastelloy Haynes 12 Fanweld "0" Magnesium 35,38,149,

"C" 210A750 440 S-588 Ni-Resist Boryllium 35,210
5750 443 Hastalloy S-590 Tantung Cadmium 35,149,2102024 446 "D" Dow metal JIA Chromium 35,149,210

(anodized) Rigimesh J Be-nickel Dow metal MA Gold 35,210
SS porous Illtm "G" Kennametal Iron 35,36,210
wire Chlorimet K-138 Lead 35,36,210

300 series SS Kennametal Manganese 35,210
powder compact K-3H Mercury 35,210

Type 302 Kennametal Molybdenum 35,94,149,powder compact K-501 210
Platinum 35,210

Type 316 Kennametal Silver 35,36,210
powder compact K-M

Type 302B Multimet N-155 35,210
powder compact

Type 316 + Cb 35
powder compact

Utiloy 3 35,210
Utiloy 20 35,21C
Utiloy H 35,210
Utiloy NH 35,210
Elgiloy 35,210



S. . . . 23 ... ... .. . .. . ... .. ... ... . .
S.....9 PERCENT TABLE 28. (Continued)

-HYDROGEN PEROXIDE AT 150 F

Material Classification Matial Clessification

.......- P~sstis - PoIM:v -vlen.'and al}aiaer~a - "" Plastics - P1yvinylchloride and Copolymers
Polyethylene Dfg Vinylite VU 1930 3

Fluoroflex f-TPIO01 I Vinylite VII 1940 3

Fluoroflex T-TPIOGO (black) 2
Fluran B-4100 3 Plastics - Silicone Rube Compounds
Halgene 2
Hypajon 5-2 4 Fluorosilicone LS-53 2

Hypalon Gasket 4 GE 407B-217-1 4

Hypalon V-54-B (gray) 4 GE 1240 2

Hypalon V-56-A (gray) 4 GE 81223 2

Hypalon V-163-4 (black) 4 GE 12601 4

Hyplon "0" Ring (GRC 90-5) 3 GE 12602 3

Irrathene 101 (irradiated polyethylene) 2 GE 12650 (unpigmented) 2

Kel-f (unplasticized) 1 GE 12650 (pigmented red) 3

Kl-f 800 (Lot 5649) 1 GE 12670 4

Kel-F 820 (G4028) 2 GE 12670 (pigmented brown) 4

Kel-F 3700 gum 3 GE 15060 (pigmented) 3

50% Kel-F 3700-50% Kel F 800 2 GE 15080 3
Kel-F 5500 (unpigmented) 2 GE X-7181 3
Kel-F 5500 gum 3 Parkone White 467-1 0-ring 4

Kel-F 5500-121 2 SE 450 (unpigmented) 2

Kei-F 5500-61 2 Silastic 152 3

50% Kel-.4 5500-5C% Kel-F 800 1 Silastic 160 3

75% Kel-F 5500-25% Kel-,F 800 Silastic 16C 0-ring 4

Ke1-4 O-Ring (CPD. 7761-70) 2 Silastic 161 3

Polyethylene 2 Silastic 181 3

Rulon (Teflon Base) 2 Silastic 240 2

Teflon (white) I Silastic 250 4

Viton A (411A4) (black) 3 Silastic 261 3
Silastic 675 3

Plastics - Polwinvlchloride and Cooolvmers Silastic 6-128 2
Silastic 7-180 3

Alanol tubing 3 Silastic 9711 2

8cltrcn 620C (gray) 2 Silastic HR-9711 2
Geon 118 4 Silastic 9711 welded with S-2200 2

Geon 404 (yellow) 3 Silastic S-2000-4-480 2
Koroseal 116 3 Silicone 407-8-217-1 3
Koroseal 117 (molded) 3 Silicone 407-5-437-1 2
Koroseal 700 2 Siliconp HT 656 3

Lucoflex (translucent) 3 Siliconv SR 5550 2

Lucoflex (white) 3 Silicone SR 5570 2
Marvinol 218-200 4 SR 5550 2
Marvinol 218-201 4 SR 5570 2

Marvinol NG-3005 4 X-7181 3

Marvinol NR-6010 4 Silicone Y-1749 2

Saran 2
Saran Rubber Q-187 4 Rubbers and Plutics General

Transflex Tubing 4Acrylon Rubber BA-12 4
Tygon B-20 3 Acrylon Rb B- 4Tygon 5-32 3 Acryon EA-5 4
Tygon B-3 3 Adiprene C 4
Tygon B-63 3 Bisilon No. 50 2Tygon B-41 3 Bn
Tygon 5-72 3 Bn?Tygon B-136 3 Butyl Rubber A 3405 4
Tygon S-22-1 Butyl Rubber SR-384 4
Tygon T--103 4 Cycolac (natural color) 4
Tygon 2807 4 Gariouk No. 5681 (Teflon-impregnated asbestos) 4
Tygon 3400 4 Hysar PA 478-1-1 (black) 4
Tygon 360 Haveg 41 (Asbestos filled phenolic) 4
Tygon 3603 4 Haveg 60 (phenolic) 4"y g o n 3 6 0 4 A 2 ( a ) y o 4 - 7 c e r4

Tygon 3604B 2(a) Hysol 4-77D (clear) 4
Vinyl 79139 2 Hysol 4-77D (amber) 4Mysol 4-77E 4
Vinylite VG 1914 2 Hysol --7.4

Vinylite VU 1940 21sol 4-77F 4
Vinyllte VS 1310 3 HslA7A(ht
Vinylite VU 1900 3Hyol 4-78B brown 4
Vinylits VU 1900 3 Hysol 4-78C amber
Vinylite UE 1907 3 Hysol 4-78D (amber) 4

Hysol 6000 B (amber) 4

. o



TABLE 28. (Continued)

Material Classification TABL A8, (Continued)

MetesiLa I Cisla; f Ic4ti, os- SesitI .e
Rubbers and Plastics - General (continued)

Kiralite 3 Alkaterge C 4Melmac Nc, 1077 4 .s=o Siie Ox. a Ozea 4 Yes
Mylar A 1 Apiezon Ha.-d"x W 4MlrBArvchlor 1221. 4 YesMylar B I AxochLer 1232 4 Yes
Neoprene Pure ^j= 4 krochtor 22 4 Ys
Neoprene SR 365-B 4 k-ochIor 1248 4 YesNylon 4 Arochlcr 12t4 4 YasPh no1- orma1de yde ardahl 4 Yes4 Caron 20 4 YesPlexiglas 4 Cezesi- VAx 4 Yes
Pclystyrene (Polyflex) 2 o-bI 4 YeT-Iokol EC--8C.-LP2 D4bchloro-b -s-tri-fluoret;l 3 NOIV)

4 DIChlorohexa f luorolmrte 3 NO(c)
Thiokol 3000 FA 4 Fluorolube FS 2 N'(0)Thiokol 3000 ST 4 luorolube FS plus 5% ftluorolube 1A.o!t grease 2 Nofc)Th-okol 1620 AH4 Fl'orolube heavy grease 1^214 2 No C)P4 uoroLube it '.$2L3 

2 so(c)Plastics - L ann tes. Diartas, Fl-orolwb# S 2 No C)florolube T 2 .No c)Materials and AdhesivU Fluorolube ol, S-V0 2 No(d)
Fiuoroiube Grease, hg-1200 2 Nut)Chemelic MI-411 (Teflon Fiberglas) 2 (b) Fluorolube Grease, GA-46C. 2 Nc )

D'jzcid 5600 (fiber-reinfooced Teflon) 3 Mulaton . YesF-94
Fa:rprene PS57-!67 (Vits. A, 116 Glass) 3 OS-16 4 YqsFairprene PS57-168 (Votqn A, Dacron) 2 os-i2 4 YesFalrprene (Viton A) os-23 4 Yes5806O-27 4 Ys5806 2 O-28 4 Yes5807 2 05-30 4 Yes5809 2 OS-32 0 YesOS-33 4 YesKe:-F-Dacron Diaphragm-VL-IlOlm4 4 05-34 4 YesKel-F 5160 Diaph:agm 2 05-35 4 YesKeI-F 5500 (gray) Diaphragm 2 OS-37 4 yesaP-3896-2 4 YesKei-F 5500 (gray) on Dacron diaphragm 2 Skydrol (jncolored) 4 YeKorda Flex (Teflon-coated glass fabric) 2 alocarkon O.' 8-25 AV 2 NO)SioasLic DC-9711 on Dacron diaohragm 3 HaIccarbon Grease, Series 251. 2 No'd)Virnyl coated Fiberglas (gray-9reen) 3 H.:c4r. H.1-tV Stopcock z2asa2 No()Hal -cb-n 01 -2 2oc
9711 Silicone seal washer DC A 4094 3 Aalccarbon Ol 11-14 2ahonsYve (Dow Corning Silicate base) Halocarbor, Stopcock Grease 2 Nod)on aluminum hexachlorobu tadi ene
9711 Silicone seal washer DC Chemloc 4Hxachloroprpylee 47 Silecone seaul flud RPM 4 yes607 adhesive on a2 uminum itYdrau1ic 01 Houghton Safe 62C 3K@14 Alkare 2 Nod)

Porous 0aterials Ve1-F ol cut No. 1 2 NOc)
Ke.-F Oi1 No. 10 2 Ncc)Kel.F No. 90 Grease 2 No c)Al-Si-Mag, Porous Ceramic No. 393 3 iindol HP (tricresyl phoqp5Pate) 4YesAluminum Oxide, Porous-RA-98 2 Lindol - 4 Yes

Armalon-Teflon Felt (impregnated) 3 Lu-r-Moly Ooncentrate 4 Yes
Lubr', sea 4 YesArm.alon- 3 ml erai 10i 4 YesDacron Cloth 2 Paraffl 4 yesDac-2lO0 Perfiuoromlbe Grease PW-759 2 No(C)Dac-2l0 2 Per:--r, lbe Oi F C-331 2 No(C)Dac-2(101 2 PC-332cDac-2102 2 FC-333 2 No(C)Filtros C Stone (55 Micron) 2 

2C-33 2 NcGlass Cloth G-206--C 2 FCu-335 2 No c )Petola turn. 4 YesPorolo1-302SS WIre 3 PCIyc ope: tare (stdbjjied) 4 yesPorous Kel-F (151Micron Pore 2 Ren.x 4 yesPorous Porcelain (1.4 Micron) 2 s1icon. X 224 4 yesPorous Teflon (9-Micron Pore) 2 sDl-4one 0'1 Jr.-7 4 YesDr-A4 4 YesRigimesh J SS. Wire 4 c-.Zo 4 YesSintered 300 Series SS Powder ComOpct 4 4 YesSlntered 302 SS Powder Compact 4 --7o1 4 YesDC-702 4 YesSintered 316 SS Powder Compact 4 Dr-71o 4
~17o4 Yes

Sintered 302B SS Powder Compact 4 Silico.e 01 O 2V3733 4 YesSintered 316 and Cb SS Powder Compact 4 GE 514 4 YesTeflon Cloth (25 Grade) 3 !etyl 4 Yes1,1,2,2, tetrafluoroethyl dodecylether 4 YesTeflon Cloth-Repeat (25 Grade) 2 Tributyl PKosphsts 4 YesTeflon Cloth (40 Grade) 3 Ucon Hydrolube U- 4
Teflon Felt (impregnated)

Teflon Cloth T-2300 3
Teflon Cloth T-2305 2



TABLE 28. (Coiitinued)__________________________

Material Classification ~C~~fct~
--eais Rer~dis an-d-Mis~ll-aneous _______

Agate (natural) 3 11
Agate (polished) 3 2(.) .. , L-i"2(O

Al-Si-Mag (porcelain) 2
Al.,ndun LA 11'6 2 ;;Cz

Boron Nitride 4 C8o Pip. S.L(e

Carboloy 44-A 4 CI -'a I.A Oldil~a o: 4(.

Carboloy 55-A 44~

Carboloy 78 4 0-!zd. ,p~ 4(

Carboloy 999 4
Ceramic A-2 2 GrpiePIe Ga tI.e~:p.s"~ ace N

Ceramic Al-200 2 4--.)'PC:.4-,!

* Charcoal 4 ~ ~ ~4(.)
Crystalor. (Silicon Carbide) 4 4.

Graphitar No.1 30 4)e U-b~tePp t-p t.t.'

* Graphite P5A6 Silver Impregnated 4 A G ..A.t 0.3 4 oCd
CS-:8- 1A4'.Graphite P-55 Copper irmpregnated 4 r-to 2K.

Graphite P-59L Copper Impregnated 4 P.,o.)-. 4, .eJ

Graphite P-692 4 P.Ic Nat.: Y-. X- tl., 4) t

Karbate 4 let., b.-. S. 333- es

Norbide 2 Pip. 
3
OpefF1,lo. bo.. ))

Synthetic Sapphire ( polished) 1 4())

(A. Reconv-ended for Long-Time Contact and Splash Re- .a.: 21- 4(.)

sistance) bose&-A.

T 'on (e)
Teflon-
Kel-F T. r ::,ti

Kel-F on 1C60 AluminumI ,

Kel-F on 5254 Aluminum 11' 4' %'-t, it4 No

Kel-F on 5652 Aluminum I________________________
Glass-lining (Clear) Light-Gray I B- 5. ..- :.,.:n.

Glass-lining (Cobalt Cobalt-Colored Glass 1 b) A"*O, 2---r~ It --- 'C F

(B. Recoimmended for Splash Resistance Service Crnly) (0) lk~~4t5~.~C 3

Tygon Paint 7286 TP-81-Clear I( e) (a w o at-~ ?4OC t Ce#-

Tygon Paint 71253 TP-107B (

Corrosite No. 5213(e
Corrosite N(o. 551 3 (e)

Corrosite No. 581 (eNOi2.~.BL~ F~R~~ l-It1iC!5-iC

Plastic Metal No. 22 '_(e) r . .. li
Saran Rubber Q-1875 )- -

* Mv-Type No. 150 
3

(e) C;. 3c. I 1c .. C; .. ___

Amercoat No. 1262 3 (e)
Heilex 3(e l;O re .. 2

e) Ca- 2
P-5, Copolymer 3 (e)
Neolac Gray No. 8588 3 (e) ~
Steelcote Stainless Steel3

(C. )Not Recomm~ended for 90% C02 Service) Nli $I..: 12 i

Geon Latex 31X 4(e
Flexcoat No. 1 Black 4(e).,

Llthgow LC-600 (Gray) re
Arriercoat Red 4 e) 3

Prufcoat Medium Gray 4 (e Calf
Lithgow LC (600) (Brown) 4 (e 5.;;,

'Jeloform F-10 CPP304 4(e) 1

Cordo .-255A 4 ~ .~k C2

Cordo Plastic Coating (E-1 Resin + H-26 4 o-.2:
Activator) (e)

Chromailoy 4 (e)
Unichrome Drum Lining B-124-17 4 P

4(e)Ucilon, System E Coating 4(e
EX63B Paint4(e
Sealer ECSCI With Accelerator 4e
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