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ABSTRACT

Much has been published on the subject of the compatibility of plastics with
liquid propellants, fuels and oxidizers, but invariable from the standpoint of the
piropellant or fuel. This report is a rearrangement of the published compatibility
data from the standpoint of the plastic material. It is in the form of a tabulation,
with primary arrangement bý plastic (or elastomeric) material; and thereunder, by
fuel. All arrangements are alphabetical, in the form given in the original refer-
ence; that is, either by generic or trade designation. The compatibility evaluation
is in terms of the original document, briefly culled to show behavior of the materi-
al at a given temperature and for a given time. Elastomers are included (although
they are not a stated concern of PLASTEC); but oils, lubricants and greases are
omitted, even though based on polymers. The information has been drawn frow
43 references, which are annotated so that the information extracted from them
shall have additional significance.
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Mention of a particular commercial product neither

constitutes an endorsement by the Plastics Techni-

cal Evaluation Center, nor a voucher for the accu-

racy of a manufacturer's claim unless specifically
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SECTION 1. INTRODUCTION

This work had its inception some four years ago, when inquiry was made
of the Center for information on the behavior of particular plastics when in
contact with liquid propellants. Preparation of a response required search
among existing documents, all of which were organized from the standpoint of
the propellant or fuel in relation to materials in general. To arrive at even
a simple answer, the effort entailed was far out of proportion and the end re-
sult could not be expressed in other than general and tentative terms.

With repeated inquiries of this nature, it was decided to convert all avail-
able liquid propellant compatibility data to the plastics standpoint; in other
words, to convert what the propellant is compatible with to what the plastic is
compatible with. In the conversion, in-between compatibility and incompat-
ibility have been included. Thus, this document is an exhaustive effort to tell
everything that anyone has published (unclassified) about the particular plas-
tics as they behave in the presence of liquid propellants and related fuels.

Although not within the purlieu of the Center, elastomers were included in the
search. However, polymer-based oils, lubricants and greases were passed
over, even though the temptation to include them was great. The Center is
virtually confined to solid plastic materials studies, or nonsolid materials
(resins) on their way to becoming solid plastics.

It is recognized that the perfect report on this subject would contain two
parts: from the standpoint of the plastic, and from the standpoint of the fuel.
The size of the former (plastic) compilation is so great that it virtually pre-
cludes the addition of the latter (fuel) arrangement. This latter would be more
of a convenience than a necessity, since the "fuel" arrangement is always
available in the published literature, even though scattered.

This search has been confined to unclassified publications, in line with a
general policy of the Center - to give its output the possibility of the widest
dissemination. This is particularly justifiable in this case, since the classi-
fied work is largely confined to fuels under development. It is felt, however,
that this rehashing of "old" data may be of particular help to the worker on
classified projects.

No report on compatibility is complete without a precautionary note on the
use of such data. Compatibility evaluations are only valid for the material
studied. Only when a material is tied-down by a manufacturer's identification
number, or by a precise and unwaverl.ri chemical formulation, can a value
approach validity. However, this compilation has definite value for the ex-
plorer (as against the user) in that the side-by-side presentation of the find-
lngs of a number of investigators has an undeniable Impact. For example,
the finding on ""''"'"' In contact with W/50 Pool blend may be: Class D, de-
composed; Grade 3, blistered; Class D, Shore A decrease 25 units; Class C,
tensile loss 73.8%, et cetera. On the other hand, "00"0. may have prodaced
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these evaluations: Class A, no visible change; Grade 1, slight swelling but
recovered; Class 2, fuel discolored; et cetera. It can be seen that the bits
of information are quite valid, when combined; and that the reader will
know what his chances are.

SECTION 2. ORGANIZATION

The body of this report is a tabulation of the found data under four
headings: "Material" (either plastic or elastomer); "Fuel" (propellant,
fuel or oxidizer with which the contact was made); "Behavior" (briefly,
the kind of reaction which took place at a stated temperature for a certain
length of time); and "Reference" (from which the information came).

A great deal of the information found used trade designations for identi-
fication of the plastic or elastomeric materials. These have been carried
over into this report. In cases in which the trade designation was not
further identified by the author of the report or could not be satisfactorily
identified at the Center, the item was discarded as of questionable value
to anyone. For completeness of reference, the generic name is included -
for example: Polyethylene - See also @'* ***", "* and"'. .

The materials are alphabetized within the tabulation, by the given
name (either trade or generic, as applicable). Within this frame, the
fuels are further alphabetized so that for """' there will be pre-
sented its behavior with Aerozine 50, ammonia, 50, 50 fuel blend, hydra-
zine, IRFNA. nitrogen tetroxide. oxygen, pentaborane, RFNA. and UDMH
(and other fuels, propellants, or oxidizers appropriately alphabetized
among these). This secondary organization will help the reader in lo-
cating what plastic or elastomer is compatible with a certain fuel, to tho
extent that it will make it easier for him to scan the "Fuel" column.

The references are those reports from which the data came. These
are presented in quite complete form at the end of this report. They are
annotated to include the available identification of the materials studied,
and the presentation of any special basts for evaluation ("ClasaB" or "Grade"
used for certain reactions). A "Comment" section givtng the general
viewpoint of the work reported is included.

This work has been a long-time side effort of the Center. Consequent-
ly, the compilation represents (in some cases) original reports and re-
visions or later versions (Refs 4 and 48; Refs 2 and 39). When ii•se
at peared. the new facts were evaluated and added to the body of data with-
r•-t re moval of the older itemb. Thus, in the "Behavior" fited in this



- ' i

work, exposures for short term (from original report) and long term (from
revised report) will both be given. In the total picture, all bits of information
are of value.

The reader will note, in the particular references, that the "Grade" or
"Class" evaluations are always in the same directions. That is, the lowest
grade or class denotes compatibility ("A" or "I") and the increase in grade or
class denotes lessened potential for compatibility ("C" or "3"). This makes
scanning of the tabulation easier. However, for exactly what the author meant
by the particular grade or class, the reader must turn to the reference.

Support information is presented in the appendixes. Appendix A lists and
identifies the trade designations appearing in this report. Appendix B sum-
marizes the liquid propellants, fuels and oxidizers encountered in the search,
which are variously mentioned in conjunction with their contact behavior
with plastic,' and elastomers.
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SECTION 3. PRESENTATION

MATERIAL FUEL BEHAVIOR REF

Aclar 191 Nitrogen tetroxide Class 1, to 67 F 39
(<.2% moist)

Acrylic Hydrocarbon fuel Unsatisfactory 3
Acrylic fibers - See "Orion"
Acrylic nitrocellulose, coating 50-50 Fuel blend Class D, dissolved 4B
Acrylic nitrocellulose, paint ""... . Class D (60 F, 30 d.)
Acrylic Utrocellulose, coating Nitrogen tetroaxide Class D. stripped immediately 4B
Acrylic nitrocellulose, paint . . . Class D, 60 F, 30 d. 4
Acrylic nitrocellulise, seals . . . Grade 3 5-7
Acrylic nitrocellulose Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)
Acrylic resin w/aromatlc hydrocarbons Oxygen, liquid Impact; 2/3 @ 10 KgM 32
Acrylic resin - See a!so "Lucite"
Acrylic rubber - See "Acrylon"
Acrylon felt Oxygen Grade 2 5-2
Acrylon rubber BA-12 and EA-5 Hydrogen peroxide, 90% Class 4 at 150 F 39

RFNA Poor resistance; failed after 1 hr. 27
at 80 F.

Acry!on rubber BA-12 Hydrogen peroxide (conc) Class 4 - Unacceptable 8
Ac ry lonitr ile - butadiene- styrene -

See "Cycolac"
Acrylonitrile-butadiene 1000x132 Oxygen, liquid Insensitive, impact (70 ft-lb, 1/20) 37
Acrylonitrile rubber RFNA Class 4 at 75 F 39
Adiprene B1156 and B1157 50/50 Fuel blend Class 4, at 100 F 39

"" .... .... UDMH Class 4, poor 8
Ali; rene C Hydrogen peroxide, 9G% Class 4 at 150 F 39
Adiprene "L", sprayable Oxygen, liquid Impact, very sensitive (9/10) 18
Alalhon UDMH (liquid) Class 1, 80 F 2
Alkyd coati$g3 - See also "Glyptal"
Allqk, No. 4, ;aint 50-50 Fuel blend Class D, (60 F, 30 d.) 4
AlkM d No. 4, coating .. .. .. Class D, stripped cff 4B
Alkyd No. 4, coating Nitrogen tetroxide Class D, stripped immediately 4B
Alkyd No. 4, seals .. .. Grade 3 5-7
Alkyd No. 4, paint . . . Class D (60 F, 30 d.) 4
Alkyd No. 4 Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)
Ahoyd enamel Perchloryl fluoride, Class 4 at 390 F 2, 39

gaseous, dry
Alkyd resins . . . Class 4 at 390 F 2, 39
All*'d resins - See also "Plaskon"
Alkyl chloride Pentaborane Grade 3, shock sensitive 5-6
Allyl resins RFNA Class 4 at 75 F 39
Aniline formaldehyde " Class 4 at 75 F 39
Araldite 502 (epoxy) U-DETA nsatisfactory 12
Araldite/Thioxol U-DETA Unsatisiactory 12
Armalon Hydrogen peroxide, 90% Class 3 at 150 F 39
Armalon 3heet Oxygen Grade 1 5 5-2
Irmajon c"o fabr~c Mixed aI 1nep No apparet efect (7 d. @ RT) 38

maion - aispersion coated glass Oxygen, quid Impact t 10 M) 3
Armalon TFE Felt 50/50 Fuel blei Class C (90 d. @ 55-60 F; 2% H2); 40

fuel discolored brown
Fluorine (gaseous) Wt. loss; ignited during exposure 2n

to F2

50/50 Hydrazine/UDMH Class 3, incompatible 8
Hydrogen peroxide, 90% Class 3 at 150 F 39

Armalon 7700; 7700B Aerozine 50 Satisfactory 21
Armalon 7700 impregnated with Teflon 50/50 Fuel blend Class C (60 F, 90 d.) 4

fibers Class A (60 F, 90 d.) 4
Armalon 7700B impregnated with

Teflon fibers
Arrialon 7700 and 7700B impregnated Class C, fuel discolored 4B

with Teflon fibers
Armalon 7700 impregnated with Teflon Hyorozine family Grade 3 5-5

fibers
Armalon 7700B impregnated with . . . Grade 1 5-5

Teflon fibers
' rmalon 7700 50/50 Hydrazine/UDMH Class 2, limited service 8

malon 7700B .... .. .. Class 1. general service 8
"-don 7700 50/50 Fuel blend Class C (90 d. Ca 55-60 F; 2% H2 ); 40

fuel discolored brown
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MATERIAL FUEL BEHAVIOR REF

Armalon 7700B 50/50 Fuel blend CIA A (90 d. 0 55-60 F; 2% H20) 40
Armalon 7700 and 7700B with Teflon Class 3, to 60 F 39

fibers
Armalon 7700; 7700B Nitrogen tetroxide Satisfactory 21Nitrogen tetroxide Class 1, to 75 F 39

2% moist) Class 2, to 60 F
Armalon 7700B Nitrogen tetrouide, liquid Class A, (90 d. @ 55-60 F) 40
Armalon 7700 and 7700B impregnated Nitrogen tetroxide Class A (60 F, 90 d.) 4

with Teflon
Armalon 7700 impregnated with Teflon Class B, Shore A decrease 4 units, 4Bfibers sample slightly yellow (90 d.)
Armalon 7700B impregnated with Class B, Shore A increase 5 units, 4B

Teflon fibezi 1.5% shrinkage (180 d.)
Armalon 7700 & 7700B impregnated Grade 1 5-7

with Teflon fibers
Armalon PDX 7700 FLOX-40 (40% F2-60%02) Class 4 at RT 39

gaseous
Armalon PDX 7700 (B) Oxygen, liquid Suitable a
Asbestos, braided, impregnated with Hydrauine Satisfactory i, 3

Tef Ion
Asbestos impregnated with Teflon Hydrazine family Grade 2 5-5

(pump packing)
Asbestos impregnated with Teflon Liquid hydrogen Satisfactory 1, 3, 11
Asbestos impregnated with Teflon Hydrogen liquid and cold Grade 1 5-11

gas
Hydrogen, ambient gas Grade 1 5-11

Bakelite Hi-Cal 3 Class 2, no change at 120 F 2, 39
" Hydrogen, liquid Compatible for long term 8, 40

applications
.. . ' Class I or 2 2Hydrogen, liquid and cold Grade 1 5-11

gas
Hydrogen, ambient gas Grade 1* 5-11
*Not based on test results

Bakelite DPDB-6169 Nitrogen tetroxide (liquid) Compatible, possibilities for use 25
as o-ring sealBakelite N-Propyl nitrate Satisfactory 1+3

Boltron 6200 (gray) Hydrogen peroxide, 90% Class 2 at 150 F, limited 8, 39
Buna rubber Halogen fluoride family Grade 3 5-8
Buna rubber Boron hydride family Grade 3 5-6
Buna A Liquid oxygen Impact; (2/3 @ 10 KgM) 32
Buna N Aerozine 50 Unsatisfactory 21

"Anhydrous ammonia 1.9% swell (7 d. @ RT) 33"11 ' ... ... 1.4% swell (7 d. @ 160 F) 33"Ethylene oxide Ambient temp , intermittent use 3"50-50 Fuel blend Class D, sample blistered (30 d.) 4B
Class D, crystals on specimen 4B

(1 d.)
Class 3 (60 F, 30 d.) 4
"70% loss in ultimate tensile (4 mo.) 16Buna N, Parker N413-7 50/50 Hydrazhne/UDMH Class 2, limited service 8

Buns N Hydrazine Incompatibility 23
SClass 2, 80 F 2

"Hydrazine family Grade 3 5-5
"Hydrazine, liquid Class 2 at 80 F 39

Class 3 at 120 F
Hydrocarbon fuels Satisfactory 1, 3
Hydrogen, liquid and cold Grade 3 (not based on test results) 5-11

gas
Hydrogen, ambient gas Grade 1 5-11"Hydrogen peroxide, 90% Class 4 at 150 F, unacceptable 3, 8, 39"JP/X 21% swell, 53% swell (21 d. @ RT) 33"47% swell (60 miin. @ 350 F) 33

" 7% swell (60 miin. @ 400 F) 33
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MATERIAL FUEL BEHAVIOR REF

Buns N Nitrogen tetroxide Class D, dissolved, 60 F 4, 4B
".. . Grade 3 5-7

Incompatible 8, 21, 30
"Nitrogen tetroxide Class 4 at 60 F 39

-(<. 2% moist)
Oxygen, liquid Incompatible 8

Impact, sensitive (3/6) 18
Insensitive, impact (0/10),40 ft-lb 33
Slightly sensitive, impact (2/10), 33

40 ft-lb
Sensitive, impact (4/10), 40 ft-lb 33
Sensitive, impact (4/10), 50 ft-lb 33
Very sensitive (10/10) - 50 ft-lb 33

Bumn N, base sealant (HT-1) Oxygen, liquid Impact, very sensitive 18
Buns N U-DETA (MAF-4) Unsatisfactory 8

"UDMH (vapor) Class 4, 75 F 2
"UDMH (liquid) Class 4, 32 F 2

Buna N - B. F. Goodrich, Hycar 2202, UDMH Class 2, good 8
1043 std. #1, 1001

Bum N - B. F. Goodrich, Hycar G 41 Class 4, poor 8
Buns N - Melrath Gasket and Supply, Class 4, poor 8

Chemigum N6 12 and SL
Buns S UDMH (liquid) Class 4, 75 F 2
Buna S Hydrogen peroxide Class 4 3
Butyl, brominated - See "Hycar 2202"
Butadiene-acrylonitrile - See also

"Hycar 1000088; 1000x132; 1001;
1011; 1014' 1041"

Butadiene-styrene rubber - See "GRS"
Butyl, Enjay, 268, Enjay 551 Aerozine 50 Unsatisfactory 21
Butyl, 806-70 and 1357 . 10% swell, poor compression set; 10

bleeds into fuel; blistered after
60 d. at 75 F

Butyl elastomer, 823-70 Aerozine 50 (dynamic or 10% swell 10, 10A
static extended service)

Butyl elastomer, 9257 and 9357 Aerozine 50 (dynamic or Poor compression, set, 10% swell 10, 10A
static extended service)

Butyl elastomer, 8480-7 ...... " Poor compression set, 10% swell 10, 10A
Butyl, Parker B496-7 Aerozine 50 Compatible for long term 40

applications (test temp 160 F)
Butyl, Hadbar XB800-71 Compatible for long term 40

applications (test temp 160 F)
Butyl rubber Ammonia (dry) Class 2, 75 F; 2

Class 4, Hot 2
Ammonia, gaseous Class 2, to 75 F 39

Class 4 at Hot
Ammonia, anhydrous, Class 2, limited 8

dry, ambient temp
Ammonia, anhydrous: Grade 2 5-12

Liquid
Gas (< 250 F) Grade 2 5-12
Ammonia, anhydrous .2% swell (7 d. @ RT) 33

... ..... 1% swell (7 d. @ 160 F) 33
Aniline Satisfactory 3
Boron hydride family Grade 3 5-6
Ethylene oxide 20.2% swell (7 d. @ 160 F) 33
50/50 Fuel blend Retains 85% of ultimate tensile 16

Butyl, Enjay 035 . . . Class 1, to 80 F 39
Class 2, to 75 F
Class 4 at 80 F

Butyl, Enjay 218 Class 2, to 140 F 39
Class 4 at 160 F

Butyl, Enjay 268 . . . Class 4 at 60 F 39
". . .. . . Class A (30 d. @ 50-60 F) 4B

a,. .. . Class C, 60 F, 30 d. 4
Class C, fuel discolored (90 d. @ 4B

50-60 F)
Class D, fuel discolored; Shore A 4B

decrease 12 units (180 d. @
50-60 F)
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MATERIAL FUEL BEHAVIOR REF

Butyl, Enjay 551 50/50 Fuel blend Class B, Shore A decrease 6 units 4B
(30 d. @ 55-60 F)

Class C, fuel discolored yellow 4B
with white precipitate (90 d.
@ 55-60 F)

".. Class C (60 F, 30 d.) 4
Class 3, to 60 F 39

Duty1, Enjay, CR 617 . . . Class 2, to 85 F 39
Butyl, Goshen 1357 50-50 Fuel blend Class B, Shore A decrease 10 units 4B

(5 d. @ 70-80 F)
".Class C, Shore A decrease 9 units, 4B

fuel dark amber (100 d. @ 70-80F)
Class D (80 F, 68 d.) 4
Class C, heavy precipitate 4B

extracted tensile loss 28.5%
(2 d. @ 160 F)

Class C (160 F 30 d.) 4
Butyl, Hadbar XB800-71 . . . Class A, tensile loss 6.8% (30 d. 4B

@ 160 F)
Buty!, Linear 7806-70 Class D, salts formed, Shore D 4B

decrease 13 units (7 d. @ 70-80 F)
Class D, precipitate extracted, 4, 4B

cracked (30 d. @ 160 F)
Butyl, Paco 805-70 ... . Class B (I d. @ 70-80 F) 4B

".Class B, fuel dark amber (16 d. 4B
@ 70-80 F,

Class D (68 d. @ 70-80 F) softened, 40
fuel discolored amber

Class D (80 F, 68 d.) 4
50/50 Fuel blend Class C, precipitate extracted, 4B

tensile loss 28.8%, hardness not

S, 8measured (2 d. @ 160 F)
Butyl Parco 823-70 ... Class B, Shore A decrease 8 units 4B

(1 d. @ 70-80 F)
Class C, precipitate extracted 4B

(27 d. @ 70-80 F)
Class B (142 d. @ 70-80 F) 40

softened
Class B (80 F, 142 d.) 4

Butyl, Parker 318-70 Class C, heavy precipitate 4B
extracted, tensile loss 29.7%
(1 d. 4 160 F)

Class C (160 F, 30 d.) 4
Butyl, Parker B480-7 Class A (2 d. 0 70-80 F) 4B

Class C, Shore A decrease 10 unlt% 4B
precipitate extracted (30 d. @
70-80 F)

Class D, Shore A decrease 17 4B
units (365 d. @ 70-80 F)

Class D týJ F, 162 d.) 4
Class D, tacky and flowed (7 d. 4B

@ 160 F)
Butyl, Parker B 496-7 Class C, white crystals (90 d. @ 4B

55-60 F)
Class A, teasile loss 11.4% (30 d. 4, 4B

@ 160 F)
Butyl, Parker XB 800-71-9 Class A (160 F, 30 d.) 4
Butyl Precision 214-907-9 ... . Class D, violent reaction (1 d. @ 4, 4B

160 F)
Class D, slight reaction (7 d. @ 4, 4B

70-80 F)
Butyl, Precision 9257, 935" Class B (50 d. @ 70-80 F) softoend 4, 4B
Butyl, Precision 9357 Class D, Shore A decrease 11 units 4B
Butyl, Precision 9257 50-50 Fuel blend Class D, Shore A decre'me 1. units 4B !
Butyl, Precision 940 x 559 . Class A (151 d. @ 70-80 F) 4B

1 .... ... ... ... Class D, blistered (7 d. @ 160 F) 4B

Butyl, Formula 120 (resin cured) Class C, precipitate formed (5 d. 4B
(Thiokol-RM Div) A 160 F)

Butyl, Formula 121 (resin cured) Class C, precipitate forined (5 d. 4B
(Thiokol-RM Div) @ 160 F)
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MATERIAL FUE L BEHAVIOR REF

B
Butyl, Stillman SR 613-75 50-50 Fuel blend Class B, Shore A decrease 10 4B

units (90 d. @ 55-60 F)
9.. .. . .Class B, softened (540 d. @ 4, 4B

70-80 F)
, " . . Class C, heavy precipitate 4, 4B

extracted, tensile loss 16%
(30 d. @ 160 F)

Butyl, Cohrlastic 500 50/50 Hydrazine/UDMH Class 1, general service 8
Butyl, EC 647 (adhesive) .. .. . Class 3, incompatible 8
Butyl, EnJay 551; Enjay No. 218 . Class 1, general service 8

(cured with W/SP 1055)
Butyl, Enjay 62790 .. . . . Class 1, general service 8
Butyl, Fairprene 5159 . . . . Class 3, incompatible 8
Butyl, Firestone D-432 .. . . . Class 1, general service 8
Butyl, Goshen 1357 .. . . . Class 3, incompatible 8
Butyl, Linear 7247-70 and 7446-70 ... ... Class 2, limited service 8
Butyl, Linear 8441-50 . . . Class 1, general service 8
Butyl, Parco 805-70 . . . Class 3, Incompatible 8
Butyl, Parco 823-70 . . . Class I, general service 8
Butyl, Parco TC 823-70; Parco . . . Class 2, limited service 8

838-80; Parco TC 419-16; Parco TC
419-17; Parco TC 419-8

Butyl, Precision 9257 and 9357 Class 2, limited service 8
Butyl, Parker B480-7 Class 2, limited service 8
Butyl, Stillman 613-75 Class 2, limited service 8
Butyl rubber Halogen fluoride family Grade 3 5-8

Hydrazine family Grade 2 5-5
Hydrazine-type fuels Fair 25

Butyl rubber (specific formulation) .... .... Compatible 26
Butyl elastomer, Parco 838-80 Hydrazine /MMH/water Satisfactory alter 3 weeks 14

fuel blend (4:1:1)
Butyl rubber, Compound 805-70 Hydrazine, liquid Class 1, to 140 F 39
Butyl rubber Hydrogen: Liquid and col, Grade 3 5-11

gas
Ambient gas Grade 1 5-11

Butyl A-3405 and SR-384 Hydrogen peroxide, 90% Class 4 @ 150 F 39
Butyl rubber JP-4 Fuel Deleteriously affected at RT 27
Butyl 218 JP-X Fuel Excessive swell (7 d. @ RT) 34
Butyl rubber Mixed amines No apparent effect (7 d. @ RT) 38S........ Stiffened (7 d. @ RT) 38
Diutyl coated cotton airplane cloth No apparent effect (7 d. @ RT) 38

(white)
Butyl coated cotton airplane cloth No apparent offect (7 d. @ RT) 38

(black)
Butyl rubber - Vistanex . . No apparent effect (7 d. @ RT) 38
Butyl rubber Nitrogen tetroxide Incompatible; life of I to 2 days 41

at 160 F
30% volume increase; rapid and 16

large drop in ultimate tensile
. ......... Grade 3 5-7

Not chemically compatible 8

Butyl rubber (very low saturation) Nitrogen tetroxide Retains properties to fair degree 25
(4 wks. immersion) while
maintaining low volume swell,

Butyl, Enjay .. . . Class D, severe 14A
Butyl, Enjay 268; 551 Class D (6. F - 30 d.) 4

"Nitrogen tetroxide Class 4 at 65 F 39
(t. 2% moist)

*4 Butyl, Enjay 268 Nitrogen tetroxide, liquid Class D, (55-60 F) dissolved 40S...... Nitrogen tetroxide Class D, dissolving (1 d. @ 65 F) 48
SI..I..Unsatisfactory 21

Butyl, (Enjay 551) . . . Class D, 40% volume swell 4B
S.... Unsatisfactory 21

Dutyl, Formula 120 (resin cured) .. .. Class D, 55% volume swell in 2 48
(Thtokol, RM Div) hr (63-67 F)

Butyl, Formula 131 (resin cured) Class D, 4G volume swell in 3 46
(Thiokol, Rid Div) hr (63 -67 F)

8
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MLATERLAL FUEL BEHAVIOR REFB_
Butyl, Formula 120 and 121 (Tliokol, Nitrogen tetroxdde Class 4 at 67 F 39

RM Div) (c.2% moist)
Butyl, 3M-11092-3A Nitrogen tetroxide Class D, Shore D decrease 14 4B

units (1 d. @ 70-80 F)
Butyl, Parco TC-419-19A Class D, Shore D decrease 28 4B

units (1 d. @ 70-86; F)
Butyl, Parco 805-70 Class D, blistered in 4 hr 4B

(70-80 F)
Nitrogen tetroxide Class 4 at 80 F 39

(-. 2% moist)
Butyl, Parco 846-80 Nitrogen tetroxide Class D, 35% volume swell (I d. 48

@ 65 F)
Nitrogen tetroxide Class 4 at 65 F $j

(2.2% moist)
Butyl, Parker 77-545 . . . Class 4 at 60 F 39
Butyl, Parker V494-7 . . . Class 4 at 87 F 39
Butyl, Parker B496-7 Nitrogen tetroxide Class D, dissolving in I hr 4B

(70-80 F)
Compatible for short term usage 28

Butyl, Parker D496-7; XB-1235-10 Nitrogen tetroxide Class 4 at 80 F 39
(<. 2% moist)

Butyl, Parker 805-70 Nitrogen tetroxide Class D (65 F, 7 d.) 4
Nitrogen tetroxide, liquid Class D (7 d. @ 55-65 F) became 40

tacky
Butyl, Parker XB-1235-10 Nitrogen tetroxide Clas D, 63% volume swell, Shore 4B

A decrease 50 units (7 d. @
70-80 F)

Butyl, Parker XV-1235-2 and Nitrogen tetromide Class 4 at 80 F 3S
XV-1235-5 ( <. 2% moist)

Butyl, Parker KB-1235-10 Nitrogen tetroxide Class 4 at 75 F 39
(<.2% moist)

Butyl, Precision 1330 x 20 Nitrogen tetroxide Class D, became tacky (7 d. 0 70) 48
Nitrogen tetroxdde Class 4 at 70 F 39(<. 3 2 moist)

Butyl, Stillman SR 613-75 Nitrogen tetroxide Class D, sample flowed in 3 hr 43
(65 F)

Butyl rubber, protective coating Oxidizers (general) Undergoes slight attack, but 16
substrate in protected

Butyl rubber Oxygen, liquid Incompatible 8
" .. ........ Impact, violent detonation 10

Butyl Falrprene . . . Impact; (4/6 @ 10 NgM) 32
Butyl rubber Pestahorane Inco.'npatible 8, 32
Butyl rubber (with carbon) Perchloryl fluoride, Class 4 at 390 F 2, 39

gaseous
Butyl, brominated N-prcpyl nitrate Sample disperasd (7 d. 160 F) 34
Butyl, chlorobutyl, MD 551 ..... Sample dispersed (7 d. 0 160 F) 34
Dutyl. Enjay 035 . . . Fell apart (7 d. O RT) 34
Butyl. Enjay 218 Shore A, lk - 11 to 46; 45% 34

swll, to excessive (7 d. O RT)
Fell apart (7 d. 0 RT) 34

Butyl, Enjay 325 .. .. I a s less - 3; 21 srell 34
(1 d.( 160 F)

Butyl. Enray 325 Prapyl nitrate &or* A, Wes - 4 to 5; 45% to 34
76% sweU (7 d. @ 160 F)

Butyl. Eajay 218 (and w/fillers) RFNA Sverely attacked at room 27
temperature

DutyL Falpreiw U-DETA (MAF-4) Satisfactory I
Butyl rubber UDM ( Lipqid or vapor) Class 3, 75 F, I

Class 4. 130 F
Butyl rubbers (certain) UDMH Saftfactory 3
"utyl (resin c ured) 1"% rswell (21 d. RT) 3

"" I i lmUt14 d. 0 1l0 • • ...
Butyl, Chicago RIwhide-Steree 9633 Class 3, good 8

and 9617
Butyl, Chicago Rawhide-Slvreoe 9694 Clase 3, fair

" Iutyl, Chlorabutyl. Ma) 551 '"K" A. froma•la - I to ess - 34
11; 14A to In 1MU (7 d. RT)

9
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MATERIAL FUE L BEHAVIOR REF

B
Butyl, chlorobutyl, MD 551 UDMH Shore A loss - 23; 24% swell 34

(7 d. 1160 F)
Butyl, Conn Hard Rubber 3601 " Class 2, good 8
Butyl, Enjoy 218 " Shore A, Ios at I to 24 (7 d. @ 34S1@ RT)

9 " Shore A, lots o 8 to 24 (14 d. @ 34
RT)

"Shore A. loss of 8 to 24 (21d. @ 34
RT)

"S hore A, Io of 7 & 0and 1(42 d. @ 34
RT)

"•hore A, to" of 6 and 7 (84 d. 34o RT)
"Shore A, loss of 12 to 30 (7 d. @ 34

160 F)
",Shore A, loss of 12 to 19 (14 d. 34

@ 160 F)
"Shore A, loss o I and 14 (21 d. 34

@ 160 F)
"Shore A, losse o 35 (26 d. @ 34

160 F)
Shore A, lose a 10 and 15 (42 d. 34

@ 160 F)
"Shore A, ios o 15 and 16 (3 mo 34

@ 160 F)
"Shore A, lo of 6 and 15 (6 mo 34

@ 160 F)
" Iuty!, Enjoy 218 10% to 23% swell (7 d. @ RT) 34

12% to 1•% swell (14 d. @ RT) 34
.. . . 10% to 18% swell (1 d. @ RT) 34

9% and ll•% swel (42 d. @ RT) 34
8% and 10% swell (84 d. @ RT) 34
16% to 23% swell (7 d. @ 160) 34

16% to 23% swell (14 d. @ 160 F) 34
10% well (21 d. @ 160 F) 34

. . 2 swell (26 d. @•160 F) 34
11%awl %swell (42 d. @ 160 F) 34

. 14% well (3 mo @ 160 F) 34

"14% and 19 owell (6 mo@ 160 F) 34
"Shore A, loss - 16 to 25; 18% to 34

257 swell (60 min 0 350 F)
Shore A. loss - 21 to 34 25% to 34
50;, swell (60 min @ 400 F)

Butyl, Ejay 035 11% aW 12 swell (7 d. O RT) 34
"Shore A, loss of 6 ad 8 (7 d. 34

0 Rr)
" Sthore A. loss of 3 to (7d. 0 34

R?)
"13% to 40% swel (7 d. 0 RT) 34

"I.ty!, Ftrestosw Ib~Der. D404 Class 3. ftar a
(Tellurac, sufur cure)

" loty! Firesteoe hibber D430. D431, Class 2. toad I
D431

"utoy!, Faresb•oe rubber D406; Clans 3. fair a
Poltolbutylese (Tehurac/stlur
cure)

lkty!, Parker Applhice. 31-014 ad Clas , saoow I
37-014
31L - 704 ad r C s 2. towd Ie• ~~~Batyl, 6050 s- ad 605.O 50J o~

"B Ityl, Prectam Robr. 014-0 aid Cla" 2. gOad ISI505-10
"" procias ". Sbait A. loss d 32(7•. @ r?) 34

" * .. .. l swe (1 d. RTI 34
"hatlL UtlUmas Re.ir. si 613-135 Class 2. towo I
" Ibt. Stowe Itdba . S5" Class 2. gacd I
Betyl. Syndet Robber " Pr""cta. Classw. good s, ~som,

4
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0 MATFRIAL FUEL BEHAVIOR REFB _ __ __ __

Butyl, Thiokol Chemical, C 42986-1 UDMH Class 2, good 8
and C 55935

Butyl rubber, phenolic, cured: Parker Aerouine S0 Unsatisfactory 21
XB 1235-10

" Nitrogen tetroxide Unsatisfactory 21
Butyl phenolic elsitomer ... .. Short term static service 10
Butyl-phenolic elastomer B496-TRV, Nitrogen tstroxide Predicted 7-day service 10A

II09M-3A (Dynamic or static short
term service)

Butyl-phaenollc elastomer TC 419-I1A S.. . Durface oxdation after 11-Day 10A
immersion

Bjtyl-polyethylene Blends (Hi D.) RFNA Withstood 500 hr room tempera- 27
ture

C _

Capran 391 (Polyamide film) Nitrogen tetraxide Class 4 at 67 F 39
(1. 2% moist)

Carbon with plastic binders Chlorine twiluaoride Incompatible 24
l .... .... Hlogen fluoride family Grade 3 5-8

Carbocyl•ltroso terpolymer Nitrogen tetroxde Resistant (90 d. 0 165 F) 43
Cellulose Perchloryl fluoride, dry Class 4, 80 F 2

"Perrbloryl fluoride, Cass 4 at 80 F 39
j.A5eou

Cellulose 90 and 150 U-DETA Unsatisfactory 12
Cellulose acetate - See also "Mystic

tape"
Cellulose acetate Hydra•lne, anhydrous Incompatible (Class C) I

Hydra• ne, liquid Chus 4 at 75 F 39C y d r a s le hydrate Incompatible, Class C 0
HydrazIneihydraa-se Incompatible, Class C

nitrate/waer
Percbloryl fluoride, dry Class 4, 80 F 2
Perchioryl fluo-ide, Class 4 at 80 F 39

Prqpellant 113 811gbt loss n weight 13
Cellulose acolate butyrate. Kuapak U Nitrogen tetroide Clas D, disintegrated (1 d. 6 43

70-00 F)
Cellulose acetate butyrate - See also

"l1codow 1r,
Cellulose acetate butyrate Ouxge. liquid I 2ec; 2/10, 9/200 10 KgM 32
Cellulose compouins RFNA Clas 4 at 75 F 39
Cellulose ,itrate PrqeUaMt 113 Sh loss in weht 13
Chemigum No. 12 500,0 Fuel blead Claos 4 at 100 F 39
Chemiguin SL (uredthe elastome) Class 4 at 75 F 39
Chemelic MT-411 (Tefln Fiberglas) 4)yhrgen peaoxide, 8O Class a at 150 F so
Chlorinated polyehver - See also

.PM~.mt
C(hlornated pobveler Nitrogenerim d Slight cemmi attack after 24 18A

boare
May be inzact-smsitive 10

Chinited polymer ud liui In e . I ct (70 ft-6, 0/10; 37

iorva"I abbrer SPIA Clas3 to 5 F3
ChborEimarboqm oxge Impact; 0o1n. 0/30, 010 610 3

Chloroen Aercaim 50 UsmNlAfaeI&rM 81
C-abrup e, Goem sI 61 50,40 Nydraw/im)lM Clan 2, bomned serve I
Chbraprew. U 14-0 . . . . Class . blamn servce I
Chbbrqp . Paro 347-10.311-10 .. CM 2, l MMe wse I-
Chhaqrese Nturege tebtme Ui -I -ttory 21

"Class D, oevre S1
143rI s rukle Ciss4&1tSF

Codlmrltc 500 (N L ione) Aerodw 50 unwidacalrY 21
-SO-O Ful blend Miss Db o" A Itcrw se 1I 43

"I•ts t '4. 54-0 F)
II +



MATERIAL FUEL BEHAVIOR REFC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ H _ _ _

Cohrlastic 500 (Silicone) 50-50 Fuel blend Class D (60 F, 90 d.) 4
.. Hydrazine family Grade 3 5-5

SNitrogen tetroxide Unsatisfactory 21
Grade 3 5-7
Class D, dissolved (30 d. @ 4, 4B

55-60 F)
Nitrogen tetroxide Class 4 at 60 F 39

(. .2% moist)
Co-Polymer P-200G, paint (Epoxy) 50/50 Fuel blend Class D, 160 F 4
Co-Polymer P-200G, costing (Epoxy) . . . Class D, coating washed off 4B

within 3 min (160 F)
Co-Polymer P-200G (Epoxy) Nitrogen tetroxide Grade 3 5-7
Co-Polymer P-200G, paint (Epoxy) . . . Class D, 75 F 4
Co-Polymer P-200G, coating (Epoxy) Class D, dissolved in 2 min (75 F) 4B
Copper-braided Teflon Fluoramine family: Gas Grade 1 5-9

Liquid Grade 1 5-9
Nitrogen trifluoride Satisfactory in gaseous a, -vice 8
Oxygen difluoride: Liquid Grade 2 5-13

Gas Grade 2 5-13
Cordo plastic coating (E-I resin Hydrogen peroxide, 90% Class 4 at room temperature 39

H-26 activator)
Cyanopropyl silicone Nitrogen tetroxtde Incompatible 26
Cycolac (natural color) (acrylonitrite- Hydrogen peroxide, 90% Class 4 at 150 F 39

butadiene-styrene)

Dacron 50-50 Fuel blend Broke up in 24 hra 15
"Hydrazine Broke up in 24 hrs 15
"Hydrogen, liquid Satisfactory 1, 3
"Hydrogen; Liq & cold gas Grade 3 5-11
Ambient gas Grade 1 5-11
"Not based on test results

Dacron cloth: Dac-2100, Dae-2101; Hydrogen peroxide, 90% Class 2 at 150 F 39
Dac-2102

Dacron IRFNA Disintegrated immediately 15
"MON Disintegrated immediately 15
Nitrogen tetroxide Disintegrated immediately 15

Dacron felt Oxygen GrAde 2 !.3
Dacron Perchloryl fluoride. dry Class 4. 90 F 2

"Perchloryl fluoride. Class 4 at 390 F 39
Caseous

Dqaon 35 Hyldrazine, liquid Class 4 at 140 F 39
Dapo" 35. glass filled. sWd unfilled 50/50 Fuel blend Class 2. to 75 F 39

UDM4 Class 2, good I
Deirin Aerozine 50 Unsatisfactory 21

"50/50 Fuel blend Class 4 at 60 F 39
Class D (60 F. 90d.) 4
"Cl as B. shrinks 7f (30 d. 0 48

55-60 F)
Clan D. shrinks 239%. Shor D 48

decrease 19 units (90 d. n
55-60 F)

Hydrazste family Grade 3 5-t
Nitrogen tetronade Unsat-t )ia. 2I

Grade 3 S-7

Cilss D. severe 14A
Clae D. reacton m I hr, 41
Clan D (55 IF 30d.1 4

Nitrvg tetorade Class 4 at 60 F 30
(. . t amis)

Dualyl 04Hydraimtw. anhydrous -onipatibWt. Class C I
"Hydrazn hydrate msOwalmtible. Class C I
Hyidrtse . iudrua",t Incompatible. Clas C •

"nitrate, waterRFNA Clas 4 at 7S F 39

12



MATERIAL FUEL BEHAVIOR REF

Diallyl phthalate UDMH (liquid) Class 4, 75 F 2
Disogrin .... Class 4, < 140 F 2
Dow Corning elastomer Fluorine: Liquid Grade 3 5-10

Gas Grade 3 5-10
Fluorine gas Class 4. all temps. 2, 39

Durold 5600 (fIber-reinforced Teflon) Hydrogen peroxlde, 901 Class 3 at 150 F 39
Duroid 5600 Oxygen Spontaneous ignition temp - 470 C 42

at 7500 psi; 468 C at 200 psi
Puroid 5650 Spontaneous Ignition temp - 444 C 42

at 7500 pes; 4 6 1 C at 2 0 0 0 psi
Durold 5870 S aoud•aeoes Igndtion temp - 463 C 42

at 7500 psi; 452 C at 2000 pai
Duroid r813 Spontaneous ignition temp - 463 C 4,

at 7500 psi; 463 C at 2000 psi
Dynamsr (experimental polymer) Nitrogen tetrcuide Incompatible 26
Dynel felt Oxygen Grade 2 5-2

E
EPR, Ethylene propylene rubber, 50-50 Fuel blend Clas A, volume swell, not 43

Formula 132 measured (30 d. 160 F)
EPR, Ethylene propylene rubber Nitrogen tetrofluoride Promising compatibility I2I
EPR, Ethylene propylene rubber, Nitrogen tetroxide Class C. discolored N204: 4B

ReslstazLw 74 softened (5 d. @ 65 1
EPR, Ethylene propylene rubber. . .. Class A (3 d. @ 60 F) 43

Formula 132
Class B, Shore A decrause6 44

units (5 d. @60 F)
Clams D, swe A decrease 16 43

units (7 d. @ 60 F)S.. .Clas B, Shore A dlecres P 48
units (I d. @ -72 IF)

Clam D. d og (S d.@ 43
6672 F)

Clanu D, fell apa an hinduisq 45
(30 d. @ 63-67 F)

EPR. Ethylene propylene rubber, X01 Nitrogen tetroxide Clas D, soft ad gummy (4 d. 43
@65 )

EPR, Ethylene propylene rubber, Clau D. i4osved (4 d. 0 66 F) 43
E-612-2

EPR. Ethylene propylene rubber. Claw D, sont sad gwamy (7 d. 43
F-6•2-I @6 F)

EPR. Ethylene propylene rubber, Class D. dissolved (18 d.S 43
X-7000-1 thru 7 audS 9hdi 11 63-47 F)

EPR, Ethylene propylene rubber Class D (60 F. d. ) 4
Formulas 116 and 117

EPR fEtyle,-propyleve rubber Peinewrl fluoride Promisin COmpStl1110 26
Epocast O"yMg Grb 3 $-4
Epocast 2M oreaen 1uapswctsem iv (3.10) is
Epocast. poatting mess . Impa1t senste (S/S) 8
4ldeatdt oeIs - See also •r•o•'
Epoxy - See also "'.A&te",

"'CoPoymar P-20w, "'eakiad"
Epoxy ease eas - See alo"Sp".•EpmaWt"
Epwy cosap w - bet also "NtyWr
Epoxy &;C647. ECiSs. aCISW Aeorose U"tlufactuory 21
Spoxy: EC-140. EC-1470. IC-ISOS. Asromime No visi~lechane toa 4 hr 10

CC-IISS. T*p VI WA. Epa.m Y mmeatiR at -S 4?.
W!A

Epay (Wtteaies & comings) IC-1470, No vlsible chane (34 hr IS 1 ) 10A
KC-Is$. SC-.l0. IC-140
Px remeI at Md fler io rvoblek choe (24 bhe 75) 14
poxry Epon 4-104, Ep~m S-I00-1. No vsibe chme (14 hrO sF) 19A
" 6-31. Epmm. rEpo vYm

W An

13
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MATERIAL FUEL BEHAVIOR REFE
Epaoy: Epon 68,, Epon VI, Epaon Vm, Aerozine 50 Unsatisfactory 21

Epo. 422, Epo. 901, Epon 1031,
Epon EXI140

Epoy•, modified, Epo. 42, Epon No visible change (24 hr 0 75 F) 10A
YP-100

Epoxy, modified, Epi. 1031 No visible change (24 hr # 75 F) 10A
W/BF 2 -400 other than slight softening

Epoxy, novolac type, Epon 1031/BF3 .. . Sdtened in 24 hr. 75 .5 F 10, I1A
Epoxy novo-c (Dow) No change in appearaiie Wt change 36

-. 0.42% (7 d. @ 70 F)
Epoxy nowolac Biaphenol A (Dow) No change in appearance. 36

Wt change -. 0. 4n (7 d. @7 0 F)
Spaxy moolac, Bipbenol A (hell). Rough marfact 2 d. a 70 F) 36
Epoay movolac (&SOn) Roigh surface (2 d. 0 70 F) 36
Epamy novolac, Blapbenol A (Dow) Appearance good (2 d. Or 70 F) 36
39437 novolac (Dow) Appearance good (2 d. 0 70 F) 36S1.. ... .... Dissolved (7 d. f 70 F) 36

awy nowo•c resi system Good, no crazing (30 d. 0 60 F) 36A
Fair, severe crazl (30 d. 0 36A

100 F)
Epoxy novolac/glass composite Fair, slight swelling (1 mo. ti 60 368

F)
Fair, slight delamination (I mo. 36B

100 F)
Epaoy nooelac Flexure, 97.0'r ,et (7 d. 0 60 F) 36C

Flexure. 94.5, . vt (30 d. 0 60 r) 36C
"Flexure, 83.5' rel (90 d. P 60 F) 36C
Flexure, 93.2'X ret (7 d. 0 100 F) 36C
Flexure, 34.9; ret (304d. 0 100 F 36C
Flexure, 47.6• rot (90d. ti 100 F 36C
Hardness. -S change (7 d. 0 60 F) 3SC
Hardness. -8 chaW e(30 d. (Os 60 MC
Hardness, -5 change (90 d. (04 W I C
H. Hardness. -5 change (7 d. a 100 F) 36C

Hartikgs. -10 change (30 d. 0 3NC
100 F)

Hardness. - 6 change (90 d. 05 100 3C
F)

ESpoy. sawolaciglass filament. Shear, 69.2 - ret (7 d. 4 60 F) NCShear. 43.7T ret (30d. 0 60 F) 3IC
Shear. 34.6 ' ret 90d. 0 60 F) 3C

.. Shear. 58. t2 rot(l7 d. * I100 F) 36C

Shear. 31.T rm (3S0d. 9 100 F) 3SC
Shear. 31.5 -ret (90ld. q100 F) 3NC

.. Flexure (lcmo). al, S; ret ". d. NC

M 60 F)
Flexure fl•ng). W 451 rvt (3S d. NC

ti6 FolFlexure (low',. 49.O re (90 d. C

4 60 n
*Fivexv Oar)lc . 32. S' rot (7 4. it 36C

t00 F).. . .. Flexre0•). 43 5 rvt 30 d. NC
u100 Fo

Fisrwe (lanVl, 36.2; r"t 408d. 31C
44 100 F1

Epoxy Lasuitie Ussatelarlon 21
Ipaxty Epa.. HaM 41 Amoaa. caexs Class 1. to all F 59
t vay cemo ss Rota Partft f1•Maa- Grad, 3 S-4
Spai--illed carbo (a(Ke e *IS & Clskrtaw trealard•d. Class 4 a1 F ,

.*I) hiqd
1pay N•o. I C( Afte $0 SO Poel blWsol CIA" ). 411ols.Od S30 d. 6 4P

S540 tI
.pay No. S. nmdllsed Clus s . @Qo swwl;fee (30 4. Ql 40

5.-60 F1
Epoxy No, I ciassL L.. s51rwca(•l 0 .' a 40

14
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S.%ATERIAL FUEL BEHAVIOR REF

Epoxy No. 9 50/50 Fuel blend Class D, dissolved (30 d. @ 43
I 55-60 F)

Epaxypoints No. 1, Modified No. 5, 'CIA C sD (60 F. 30 d.) 4
No. 7, No. 9, 61100

Epa.y, Fp. VI Class D (55-60 F) 43
Epoxy. Epon VI, Class 4 at 60 F 39
Epoxy, Epon 422, 4-3 (Adhesive) Class D, blistered and decom- 45

posed
Epaoy Epa. 628 50/50 Fuel blend Chss D, decomposlaW (1 d.@ 43

55-60 F)
Clss 4 at 60 F 39
Clas D, 60 F, 30 d. 4

Epoxy Epon 1031 (with PUDA) Class D, disintegraung in 1 hr 45
(70-80 F)

Class 4 at SO F 39
Epoxy, EC 1469 Class 4 at 60 39

".. Class D (55-60 F) 48
Epaoy No. GM0 Class D, peeled af (30 d. 0 4S

55-40 F)
Epox laminate Clas D, 30 d. 0 55-40 F; 40

delamlnted
Epaxy-glass laminate Class 4 at 60 F 3B
Epaxy-glass laminate (compoition. Class D (60 F, 180 d.) 4

Class C, partly delaminated 45
(9O d. @ 55-40 F)

CIss D, delaminated, W%' 45
vokmne swell (130 d. 0 5540 F)

Epaoy. Epaon U8 plastic) S0/0 Hydrauia/UDMH Claws 3, incompatible 8
Epaoy CgAs laminate Clam 3, incompatible I
Epaox resin RI-CaS 3 Cass 2. NC @ 120 F 2, 39
Epao. Epon Hydrulne. lquid Class 3, to 75 F 3
Epaoy. Epn xydraie, ,a*7-rM, U.ited service, Ch--S I
E~poxy. Epan8. seale. ut ydazine f,-mly Graft 3 5-s

Ep!x. 28 V. sealant :irRie 1 :-5
Epaoy. E p at Hydramne Hydrate Clnuted Deice. C-m a SEpa". Epas notnxim~e/h)tim l./nite *""~c*. Claws 9 0-S

Epoxy, EC847, ECIS95, ECIS96 Nitrog'en te"" Umalat&"&t(9 31
Epxy. No. 1. point Niuvra tetoxde Claw D (30 d. 0 53-60 F1 40

Epa.: No. 1. No. 5; No. 7; No. 9; N • totroxdt Class 4 at60F 30

Epoxy No. 1. No. 7. No. 9. tM Nitrqoa tetromade Clawn . I l*p it kImedlaftly 45
(55-0 F)

Epoy. modidled. No. S Clam D. &trU Wd tmmedately 41
(55-6o F)

EPWV moadlifed. No. S NMtrq. teot Clam4t ,30 F 39

Epoxy, poilt 1. I. Modified No, S. N"trel tetroa"Sd Clan D (40 F. 30 d.) 4
No. 7. Wo. 9, S0

Epaxe, Epo. 3US. Epon Vt Era V.yi a SCOT1
Epa. 432. 1FUPa 901. Ep. . 1031.

Ea. EJ0467
EP'MY. Se9M: N. I. MI• ked No. S. " a" 3 S-7

.4o. 7. No. 0. 6860
EPMY X-Fopa 4-14; Epoxy X-pa . . Suitm W lda lost 110Ar

5.101--I iU ldr atlla" at I hr.I

Epoxy. p• I.42 Adhestve Clas D. last &e**u 0I L . 43
70-00 F)

Eprp . EP 432 N"trestetride Clas 4 at 00 F 39
(. .3$ ,wa.o

Epox. t.# Us, pdtuw co"Wi Muragm- tetM we Class D, &sa&e (554 F) 40
pa". Spa.• S3 Cloiss 0. ervanwed toI br 43(70-m It
p03,. Epas 423. smls 3 S-7

Eay. MISS 38 (so F. 30IL41 4



MATERIAL FUE L BEHAVIOR REFE ,
Epoxy, Epon 828 Nitrogen tetroxide Class 4 at 60 F 39

• (<.2% moist)

Epoxy, Epon: VI; VI; 422; 901; 1031; Class 4 at 75 F 39
Ex1469

Epoxy, Epon 1031 (with PMDA) Nitrogen tetroxide Class D, surface attack (I d. @ 4B
70-80 F)

Epoxc Epon 1031 (with PMDA) Nitrogen tetroxide Class 4 at 80 F 39
(<. 2% moist)

Epoxy, novolac type Nitrogen tetroxide SlIgt' discoloration during splash 10
test

Epoxy, novolac type, 1031/B' 3  Rapid color change (24 hr) during 10
immersion

Epoxy novolac (Dow) Severely pitted (7 d. 0j 70 F) 36
Wt charge - +5.70

Epoxy novolac (Dow) .. . . Slight surface attack (2 d. @ 70 F) 36
11 .. . ... .. .Severely pitted (7 d. @ 70 F) 36

Epoxy novolac; BisphenolA (Dow) .. . . Dissolved (7 d. @ 70 F) 36
Epoxy novolac; Bisphenol A (Shell) . . . Severely degraded (2 d. @ 70 F) 36
Epoxy novolac; Bisphenol A (Dow) Degraded (2 d. @ 70 F) 36
Epoxy novolac (Shell) . . . Completely degraded (2 d. @ 70 F) 36
Epoxy novolac resin system . . . Poor, severe crazing (30 d. @ 36A

60 F)
Poor, severe errosion (30 d. r 36A

100 F)
Epoxy, novolac type, Epon 1031 Slight discoloration during splash 10A

W/BF4 (adhesive) test, No Change in 24 hr.
Epoxy, novolac type, Epon 1031 Rapid color change; no visible 10A

W/BF 4  change in 24 hrs immersion
Epoxy novolac . . . Flexure, 73.4% ret (7 d. @ 60 F) 36C

Flexure, 21.7% ret (30 d. @ 60 F) 36C
Flexure, 14.2% ret (90 d. @ 60 F) 36C
Flexure, 18.2% ret (7 d. @ 100 F) 36C
Flexure, 18.77% ret (30 d. @ 100 F) 36C

(Severe corrosion) (90 d. @ 36C
100 F)

Hardness, +7 change (7 d. @ 60 F) 36C
Hardness, *1 change (30 d. C 36C

60 F)
Hardness, -16 change (90 d. @ 36C

60 F)
Hardness, 0 change (7 d. @ 100 F) 36C
Hardness, *5 change (30 d. @ 36C

100 F)
Epoxy, novolac/glass filament . . . Shear, 65.0% ret (7 d. @ 60 F) 36C

Flexure (long), 16.6% ret (7 d. 36C
S60 F)

Delamination (7 d. @ 100 F) 3eC
Epoxy laminate .. . Unsatisfactory 21

Nitrogen tetroxide, Class D (30 d. ( 55-60 F) 40
liquid delaminated

Epoxy-glass laminate (composition Nitrogen tetroxide Class D (60 F, 30 d.) 4, 4B
unkmown)

Epoxy laminate Nitrogen tetroxide Class 4 at 60 F 39
(<.2% moist)

Epoxy Oxygen, liquid Impact; 2/25, 3/3, 3/6, 2/2, 2/20 32
@ 10 KgM

Violently impact sensitive 32
Epoxy resin . Moderate impact detonation 18
Epoxy, Epon 6 adhesive .. .. Impact sensitive (6/10) 18
Epoxy, Epon 8 adhesive .. .. Very impact sensitive (2/2) 18
Epoxy, Epon VIII, ,.uring agent A . Very impact sensitive (10/10) 18
Epoxy, Epon 92 " Very impact sensitive (10/10) 18
Epox:, Epon, sealant #718 Very rigid; shattered under im- 17

pact
Epoxy, Epon 828 (CL) set resin .... Impact sensitive (5/10), (2/2) 18
Epoxy, Epon 828/fiberglass laminate . Very hard (Epon VI); shattered 17

w/ Epon VI under impact (Epon V)

16
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N.ATERIAL FUEL BEHAVIOR REF

Epoxy, Epon 828/fibeiglaus laminate Oxszen, liquid Sealant very rigid: shattered 17
w/718 sealant under impact

Epoxy system J14899 Impact insensitive (0/20) 18
Epoxy adhesive Impact; 7/10 @ 10 KXM 32
Eporx, adhesive . Incompatible a
Ep•xy-bound steel .. .. Impact; 5/5 @ 10 KgM 32
Epoxy cement .... Impact; 2/2, 5/20, 2/3 @ 10 KgM 32
Epoxy laminate, glass fiber .. .. Moderate impact detonation 18

.. . .... .. ' 1 "Impact sensitive (7/10) 16
Epoxy-glw .. . Impact; 2/3, 19/20, 20/20, 2/2, 32

2/2 @ 10 KgM
Epoxy, Epob/mylar sealant . Impact sensitive (3/10) 18
Epoxy-Phenolic . Impact; 20/20 @ 10 KgM 32
Epoxy-polyamide adhesive . Impact; 3/3 @ 10 KgM 32
Epoxy, Epo 828/polvamide 115 Very hard & brittle 17
Epoxy (filled) and polyamide (filled) .. .. Impact; 16/24 @ 10 KgM 32

adhesive
Epoxy and polysulfide Impact; 10/20 @ 10 KgM 32
Epoxy potting compound Impact; 1/1, 1/1 @ 10 KgM 32
Epoxy resin w/inert filler Moderate impact detonation 18
Epoxy, Scotchcast #5 .. .. Impact sensitive (5/10) 18
Epoxy resins Perchloryl fluoride, dry Class 2, 390 F 2, 39

RFNA Class 4 at 75 F 39
Epoxy, Epon YB-100, coating" Class 4 at 75 F 39
Epoxy, Epon 400 XR61, coating Class 1, to 75 F 39
Epoxy, modified, coating " Class 4 at 75 F 39
Epoxy, Epon 470 and Epon 471 WFNA Class 4, all temps, unacceptable 2, 8, 39
Epoxy, aluminized (protective coating) Oxidizers (general) Satisfactory for non-flat surfaces 16

such as fayings (edges only
exposed)

Epoxylite 5302 Oxygen, liquid Very sensitive (2/3) 18
Ethyl acetate Pentaborane Grade 3 (Shock sensitive) 5-6
Ethyl cellulose Hydrazine, anhydrous Limited service, Class B 8

Hydrazine, liquid CGrs 3, at 75 F 39
Hydrauine family Grade 2 5-5
Hydrazine hydrate Limited service, Class B 8
"Hydrazine/hydrazine Limited service, Class B 8

nitrate/water
Perchloryl fluoride, dry Class 4, 80 F 2, 39

Ethylene propylene rubber -
See also "Resistazine", "EPR"

Exon 400 XR61 RFNA Withstood 168 hrs @ 80 F, 1 hr 27
(Chlorotrifluoroethylene) @ 160 F

Exon 400 XR6I JP-4 Fuel Exceptional resistance to RT 27
immersion. Lost 41% of tensile
ater 72 hrs 0 80 F. Partially
dissolved at 160 F

F
Fatrprene 5159 Aerozine 50 Unsatisfactory 21
Fairprene 5159, potting compound 50/50 Fuel blend Class D (60 F, 30 d.) 4

Class D, swollen; became brittle 4, 4B
(30 d. @ 55-CO F)

Falrprene 5051, neoprene on duck Hi-Cal 3 Class 4, stiffened at 77 F 2, 39
Falrprene 5039, neoprene on nylon HI-Cal 3 Class 4, became brittle at 77 F 2, 39
Fairprene 5159 Hydrazine fanily Grade 3 5-5
Fairprene PS57-167 (Viton A, 116 Hydrogen peroxide, 90% Class 2 at 150 F 39

glass)
Fairprene PS57-168 (Viton A, Dacron) . . . . Class 2 at 150 F 39
Fairprene (Viton A); 5806; 5807; 5809 . . . Class 2 at 150 F 39
Fairprene 5159,potting compound Nitrogen tetrox~de Class D (60 F 30 d. ) 4

Class D, 4001 volume swell (14 d. 4B
@ 55-60 F)

Unsatisfactory 21
Fairprene 5159 Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)

1 17



SF MATERIAL FUEL BEHAVIOR REF

Fairprene seals Nitrogen tetroxide Grade 3 5-7
Fairprene, butyl U-DETA Satisfactory 12
Fairprene, Viton 84-001 " Unsatisfactory 12
Fiberglas Aniline Satisfactory 3
Flexitallic filled with asbestos Hydrogen, liquid and cold Grade 1 5-11

gas
Hydrogen, ambient gas Grade 1 5-11

Flextallic filled with Teflon Hydrogen, liquid and cold Grade 1 5-11
gas

Hydrogen, ambient gas Grade 1 5-11
Flexitallic (Teflon & metal) Nitrogen tetroxide Grade 1 5-7
Flexitallic gaskets U-DETA Satisfactory 12
Flexitallic gaskets (Canadian asbestos U-DETA (MEF-4) Satisfactory 8

filled, or Teflon filled)
Fluorel Aerozine 50 Unsatisfactory 21

"Chlorine trifluoride Ignited on contact 19
Fluorel gum . . . . Softened, 5 d. @ RT, still rubbery 26
Fluorel 50/50 Fuel blend Class D, broken up less than 30 4B

days (55-60 F)
Class D, blistered in 1 hr(70-80 F) 4B
Class D (60 F, 30 d.)
Class D (60 F, 30 d.) 18
"Class 4 at 60 F 39

Fluore! 2141 Hydrogen peroxide (conc) Class 2-limited (not > 120 F) 8
Fluorel elastomer KX-2141 MON (Mixed oxides of Slight increase in weight, 5% 14

nitrogen) increase in volume; decrease in
hardness (13%)

Fluorel Nitrogen tetroxide Unsatisfactory 21
Class D, > 300% volume swell, 4B

fell apart (30 d, @ 55-60 F)
"Nitrogen tetroxmde Class 4 at 60 F 39

(1. 2% moist)
"Oxygen, liquid Impact; 0/20 @ 10 KgM 32

Fluorinated ethylene-propylene -
See "Teflon FEP"

Fluorinated ethylene propylene Oxygen, liquid Impact; 0/20 @ 10 KgM 32
Fluorinated hydrocarbon Amine systems Acceptable, but subject to com- 16

pression set (with replacement
required)

Nitrogen tetroxide Acceptable, but subject to com- 16
pression set (with replacement
required)

Fluorline 100 coating RFNA Class 1, to 75 F 39
Fluarline 100 WFNA, liquid Class 1, to 75 F 39

WFNA Class 3, 75 F (intermittent 2
spillage)

Class 3, only fair corrosion 8
resistance, 75 F limit

Fluorobestos Acrozine 50 Satisfactory 21
Fluorobestos filled with asbestos " Compatible for long term appli- 40

cations (test ternp 55-60 F)
Fluorobestos filled with asbestos 50/50 Fuel blend Class 1, to 60 F 39
Fluorobestos filled with asbestos . . . Class A, 2% H2 0, "A" rating 4, 4B

based on visual observation
(90 d. (4 55-60 F)

Fluorobestos 50/50 Hydrazine/UDMH Class 2, limited service 8
Hydrazine family Grade 1 5-5
Nitrogen tetroxide Satisfactory 21
"Nitrogen tetroxide Class 1, to 60 F 39

(< .2% moist)
Fluorobestos filled with asbebtus Nitrogen tetroxide Class B (60 F, 30 d.) 4

Class A (180 d. @ 55-60 F) 4B
Grade 2 5-7
Compatible for long term appll- 40

cations, test temp 55-60 F
Fluorobestos A, B Oxygen, liquid Suitable 8
Fluorocarbon -

See also "Fluoroflex", "Fluorosint"

18
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MATERIAL FUEL BEHAVIOR REFIF
Fluorocarbon, modified -

See also "Rulon"
Fluorocarbon resins -

See a, o "Teflon", "Kel- F'
Fluorocarbon Plaskon Dilisopropenyl acetylene Good resistance, (7 d. @ 160 F) 29

(DIPA)
Dimethyl hydrazine Severe attack (7 d. @ 160 F) 29

not recommended for use
Fluorine, liquid Severe attack (7 d. @ 160 F) 29

not recommended for use

Hydrazine Severe attack (7 d. @ 160 F), 29
not recommended for use

Fluorocarbon, Teflon, Kel-F Hydrocarbon fuels Satisfactory 3
Fluorocarbon, Plaskon Hydrogen peroxide (90%) Excellent resistance (7 d. at 29

160 F)
JP-4, flight grade Excellent resistance (7 d. at 29

160 F)
JP-X Good resistance (7 d. @ 160 F) 29
Oxygen, liquid Excellent resistance (7 d. at 29

160 F)
Fluorocarbon Telecon . . . Impact; 0/20 0 10 4gM 32
Fluorocarbon Plaskon Prapyl nitrate Excellent resistance (7 d. at 29

160 F)
RFNA Excellent resistance (7 d. at 29

160 F)
UDMH Severe attack (7 d. @ 160 F) 29

not recommended
Fluorocarbon ether (FC75) Oxygen, liquid Impact insensitive (0/20) 18
Fluorocarbon rubbers: UDMH Class 4, poor 8

duPont, Viton A-9653; Viton A-44-11
A-35; Viton A-247M; (3M) Kel-F
3700; Kel-F 5500; (3M) Fluororubber
S1F4; Fluorel A

Fluoro compounds -
See also "Lankote"

Fluoroflex T, seals Boron hydride family Grade 1 5-6
Fluoroflex T-TP1001 Hydrogen peroidde, 90% Class 1 at 150 F 8, 39
Fluoraflex T-TP1000 (black) .. .. It Class 2 at 150 F 39
Fluoralex T (Teflon) Oxygen difluoride Class 3, -109 F 39

Pentaborane Approved for use 3A
Compatible for long-term 8, 22, 40

applications
Fluorcilex T (carbor. filled) Perchloryl fluoride - +2.85* (Gaseous, 1 d.) 20

"Thick" tetrafluorohydrazine
"Thickle' I . +8.0 Slight gain no apparent 20

change (Gaseous, 21 d.)
"Thin, ... .. ." +0. 56 (Gaseous, I d.) 20

*Change in wt/unit area, mg/sq in.

Fluoroflex T (Teflon) Perchloryl fluoride Class 3, to -109 39
(50)/tetrafluorohydra-
zine, gaseous

Fluorogold and fluorocrabon CG-12 Oxygen Grade 1 5-2
Fluorogreen Aerozine 50 Satisfactory 21

Compatible for long term appli- 40
cations (test temp 55-60 F)

Fluorogreen 50/50 Fuel blend Class 1, to 60 F 39
I ...... Clua A (180 d. @ 55-60) 4B

Nitrogen tetroxide Satisfactory 21
Nitrogen tetroxide Class 1, to 60 F 30

( <. 2% moist)
Fluorogreen gaskets (glass- Nitrogen tetrozide Most compatible of materials used 28

impregnated Teflon)
Compatible for long term appli- 40

cations, test temp 55-60 F
Fluorogreen filled with ceramic . Class A, 60 F, 30 d. 4

Class A (1S0 d. 0 55-60 F) 4B
Grade 1 5-7

Fluorogreen E-600 and E-609 oxygen Grade 1 5-2

19
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MATERIAL FUEL BEHAVIOR REF

Fluoroaocarbon - See also "Halon"
Fluorchalocarbon Oxygen, liquid Impact; 0/20, 0/40, 0/20, 2/3 @ 32

10 KgM
Floro resin; ankote .. Impact sensitive (3/6) 18
Fluoro rubber - See also "Fluorel"
Fluoro rubber, IF4 Hi-Cal 3 Class 2, NC @ 120 F 2, 39
Fluoro rubber, IF 4 50/50 Fuel blend Class 4 at 60 F 39
Fluoro rubber: Viton A .. .. . Class D (30 d. @ ,5-60 F) decom- 40

posed
Class D (60 F 30 d.) 18

11 .. .. .. .. ... .. .. Class D, broke up (10 d. @ 4B
55-60 F)

,.... .. Class D, dissolved (I d. @ 4B
70-80 F)

Fluoro rubber; Viton B . . . Class D (30 d. @ 55-60 F) 40
dissolved

9 9. . . t. 1. '. . Class D (60 F, 30 d.) 18
t .. . . . .. . .Class D, dissolved (30 d. @ 4B

55-60 F)
Class D. dissolved (I d. o 4B

70-80 F)
Fluoro rubber: Kel-F elastomer Class D, dissolved 40

11 .. . .. . ... . .. Class D (60 F, 30 d.) 18
Fluoro rubber: Kel-F 5500 .. . Class D, dissolved in minutes 4B

(55-60 F)
Fluoro rubber, Stillman Class 4 at 60 F 39

"Class D, broke up (30 d. @ 4B
55-60 F)

Fluoro rubber, Precision 18007, '. . Class D, dissolved (I d. Ca 4B
18057 160 F)

Fluoro Rubber, EX 821-A70 . . . Class D, blistered in 4 hr 4B
(70-80 F)

Fluro rubber Nitrogen tetroxide Class D - severe 14A
Fluoro ruibber, Formulas 75-79, 84, 1 . .. .. D, Fluoro rubbers with added 4, 4B

85, and 94-99 fillers did not reduce volume
swell below 199%, poor to good
strength retention (7 d. C
70-80 F)

Fluoro rubber: Viton A & B . . . Grade 3 5-7
Fluoro rubber: Viton A Nitrogen tetroxide, Class D (30 d. R 55-60 F) 40

liquid dissolved
Nitrogen tetroxide Class D (60 F, 30 d.) 4

Class D0 90% volume swell in 0. 5 4B
hr (60 F)

Class D, fell apart (30 d ( 4B
55-60 F)

Class D, 200'o volume swell 4B
(70-80 F)

Fluoro rubber: Viton B Class D, extremely swollen (30 d. 4B
0 55-60 F)

Class D, 100% volume swell in 1 4B
hr shrinkage in 24 hr (70-80 F)

Fluoro rubber: Viton B. EX 821-A70 170tu volume swell, very soft 4B
(30 d. f 55-60 F)

Blistered (I d. 0 70-80 F) 4B
Fluoro rubber: Viton B, Stillman Class D (67 F. 30 d.) 4

EX 774m-I
Fluoro rubber: Kel-F 3700. 5500 Nitrogen tetroxide, Class D. 55-60 F. excessive 40

liquid volume swell in 45 min.
Fluoro rubber: Kel-F 3700. 5500 Clas D, 65 F 4
Fluoro rubber: Kel-F 3700 Class D, 300% volume swell in 49

45 min (55-65 F)
Fluoro rubber: Kel-F-5500 Class D, 900% volume *well 48

(14 d. 0 55-60 F)
".. .Class D, dissolved in I hr 48

(70-80 F)
Fluoro rubber: Omni X-FBF-4 Class D, 300'o volume swell in 48

3 hr (70 F)

20
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MATERIAL FUE L BEHAVIOR REF

Fluoro rubber: Parker V494-7 Nitrogen tetroxide Class D (I7 F, 30 d.) 4
234% volume swell in 2 hours 4B

Fluoro rubber: Parker 77-545 Class D, 100% volume swell in 4B
4 hrs.

Fluoro rubber: Parker 1235 Nitrogen tetrouide, Class D (7 d. 0 70-80 F) exces- 40
liquid sive volume swell and softening

Fluoro rubber: Parker XV-1235-2 Nitrogen tetroxide Class D, 500% volume swell. 4, 4B
Shore A decrease 60 units (7 d.
4 70-60 F)

Fluoro rubber: Parker XV-1235-5 Class D, 43% volume swell, Shore 4, 4B
A decreae 60 units (7 d. @
70-8O F)

Fluoro rubber: Parker TFNM-TFE ....... Class D (80 F, 7 d.) 4
*Trifluoroniti isomethane Atrafluoroethylene

Fluoro rubber: Stillman, TH 1057 Nitrogen tetroxide Class D (65 F 31 d.) 4
C.lass D, 205M volume swell 4B

(31 d. 0 55-65 F)
Clsu D, 50 volume swell in 1 48
hr, shrinkage in 24 bra.
(70-80 F)

Fluoro rubber; Stillman Ex 774M-1 . . . Class D, 181% volume swell 4B
Fluoro rubber: TFNM-TFE . . . Class D, 174% volume swell, poor 4B

elastomeric properties,
different oven cures reduce sawil
to 48% but retain poor elasto-

meric properties (7 d.
70-80 F)

Fluoro rubber Oxygen, liquid Impact, very sensitive (3/3) 1s
Fluoro rubber w/Dacron base .. Impact, very sensitive (3/3) 1i
Fluoro rubber UDIH (liquid) Class 4, 75 F 2
Fluorosllicone rubber -

See also "Vlton A"
Fluorosilicone rubber (seals) Boron hydride family Group 1 5-6
Fluorosilicone Chlorine trifloridde Class C, reacts violently 8S........ Low order detonation 19
Fluorosilicone rubber, LS 53 Aerosine 50 Unsattsfactory 21
Fluornsilicone rubber, LS 53* DIPA 11% swe- (7 d. • RT) 33

12% swell (7 d. 160 F) 33
"Affected propellant ta Aty excessively

Fluorosulicone rubbers: LS 53 50/50 Fuel blend Class D, 30 d. @55-00 F; 4, 45, 40decoa--'
Class D, bitered (I d. 0 45

70-80 F)
Fluorosllcone rubbers: Hadbar Class D, Shre A decrease 3 45

58789-23GT units (1 d. @ 70-80 F).... .. .. .. ClassC, sC30d. 1l07;precpta-e 4, 40
emtracted; tensile loss 73.81

Fluorositicone rubber: US 53 HiCaJ-3 Class 2, It0 F (SAlghtly lass 2. 38
renst"01

Fluorosilicone rubber: I 53 Hydrazlns family Group 3 S-5
FluorosilicoMe rubber: Hadbar 50/50 Hydraalne/siM Clam 3. iscompsk 8

58789-23 FM. 58789-23 GT;
58789-23 FT 40 58789-23 HT 40

FluorosilicoMe. LB-53 mydr""m peratie. go% Class I at 150 F lmited 8, 39
FlMoroallicone elastomers Nitrogen tetroulde 8bort term static service 10
Flaorosilcone rubber ....... .Uimted service 30

Group 3 5-1
30% increase i volume: rqid 1i
a large dr o is tmate tenile

Fhrmosilicom rubber, US S3 VAth tfactory It
Nitrogen tWrode. Cass D. 30 . @ U47 F; 4. 40

li"M excebesve voume el
Nitrogen tetroede Clas D.5 volm• e Well 45

(5sd. 1r)-607,
Clabm D, W% vome wuel Is 1 45

hr. �rabg 34 hr (10-00 F)
Frhoroillcome rubber, , 63 Class D. crrmbled (I d.6 45

1-00SF)woo in
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MATERIAL FUE L BEHAVIOR REF

Fluorosilicone rubber, Hadt4r series Nitrogen tetroxide Class D), 185% volume swell 4, 49

58789-23 (7 d. 6 70-80 F)
F Jorosinlcone rubber, Hadbar series . . . Class D, swollen and blistered 4, 48
s587a-ogr (I d. @ 63-67 F)

Fhorosillcone rubber, L553, 1S 63 Clss D (67 F, 30 d.) 4
Fluorosilcone rubber, Formulas Class D (30 F. ' d.) 4

55-07 and W0-53
Fluororilicone rubbers . . . Clss C/D, slight to severe 14A
Fluorollieone rubber, LS 53 . . . Shore A, loss - 17; 40% swell 34

(7 d. 0 RT)
.. . .. . 40% swell ( d. @ RT) 33

Fluorosilicome Oxygen, liquid Impact; 0/20. 2/20, 0/20, 0/20 32
@ 10 KMU

Fhaorostlicone rubber . Impact: 0-2/20 @ 10 XgM 32
Pentaborane Compatible. approved for use 3A. 8, 22,

40
Class to 75 F 39

Fbhorosilicor.: rubber Perchloryl fluoride, dry Class 2, 390 F 2
(iron oxide filler)

. .Perchloryl fluoride, Clss 2. to 390 F 39
gaseous

Fluorosint T-30 (Polymer corp) Oxygen, liquid Suitable 9
Fluorothane Bromine trifluoride. Clss 3. to 200 F 39

Liquid
Foam. Dow Corning R-7002 Pentaborane Inompatible 8
Por, Dow Corning R-7003 Incompatible 8
Foam, Nopco F-10 Incompatible a
Foam, Nqpco 3-49 Incompatible 8
Foam rubber Perchloryl floride Unsatisfactory 3S...... I. .. Class 4. 390 F 2
Fluran B-4100 Hydrogen peroxide. 90% Class 3 0 150 F. very limited 8. 39
Turas Ammonia s gaeous Class 2, to Hot 39

"Ammona liquid Class 2, to Hot
Ammonia, anhydrous Grade 1 5-12
liquid, as(4250 0 F) Grade 1 5-12
Ammonia, anhydrous, Class 2 limited I

moist, ambient temp.
Ammonia, anhydrous. Class 2 limited I

dry, ambient temp.
Ammonia, dry Class 2, hot 2
"Ammonia, moist Class 2. hot 2

Furam rtal RFNA Class 4 at 75 F 39
WFNA Cas" 4, all temps 2, 8. 39

Furax resin, asbastos reinforced, 4
Haveg 60 UDMH Class 3. fair I

Furae resin Hydraxine family Grade 2 5-5
"Hydrutne. sahydrotns Limited servcke. Class 8 a
Hydrazuie h)dralte Limited service. Class B a
HydraMaimeydratine Limitd service, Class B 1

nitrate 'water

G
GM (ubadiese-styreme rubber) Ammonua abh•€drtas., Clas s. limited I

dry, ambient temp.
Ga Ammona. eayidrw"s 6rade? 5-12

Gas (- 2W F) Grade a 5-12
GM Ammonia (dry) Clas 2. 7S F. 39

Ciass 4. hot
G Fluorine- Liquid Grade 3 5-10

Gas Grade 3 $4-0
GM FlotrW gas Class 4. all temPs 2, 39
Ga n Perchl" l flrW#de. drv Cls" 2. 390 F 2. 39
GMJ Gum Iber jPerrchlor I fhutd& Satidactov 3
Gvarlck WO Aereane SO Satta wora 21
".sarioct 2 Uastadartorn 21

2*
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G MATERIAL FUE L BEHAVIOR REF

Garlock silastic 250 Boron hydride family Group~ 3 5-6
Oarlock silicone rubber 9283 .' ' . ' Group 3 5-6
Oarlock 22 50-50 Fuel blend Class A (30 d. @ 55-60 F) 4B

Class D, Short Adecrease 10 4B
units (160 d. @055-60 F)

Class D, fuel discolored yellow, 4B
Share A decrease 21 units
(270 d. @ 55-60 F)

CiaasC (60 F, 90d.) 4
Class B fuel slightly discolored 45

(I d. j 70-60 F)
Garlock 900; Garlock 22 Clan 4 at 60F 39
Garlock NO00 Class D, fuel yellow, crystals on 43

specimen, Share D decrease 12
units (30 d. @ 55-60 F)

Class D(60 F, 90d.) 4
SClass C, heavy precipitate 43

extracted (I d. @ 70-60 F)
Oarlock 22; Oarlock 9ON 50/50 Hydraaiu/UDMH Class 1, general snervice a
Oarlock 9006 (GS bidr) KICaI-3 Class 3, 120 F, stiffened 2, 39
Oarlock 702 Class 3, 120 F, stiffened and 2, 39

(GR8-high sulfur binder) raughened
Oarlock (7226 (neqprent bidder) Class 4, blistered at 120 F, 2, 39

fibers loosened
Oarlock 7706 (038-blue asbestos) Class 4, stiffened at 120 F 2, 20
Oarlock 6745 (Diana-N binder) Class 3, stiffened at 120 F 2, 39
Garlock 22 Nydraulnh family Grade 2 5-5
Oarlock 735 Hydr aglns Satisfactory 1, 2
Oarlock $00 Hydrazlae family Grade 3 5-5
Garlock gaske "0 Hydrazine, liquid Class 3, to 200 F 39
Oarlock packing Hydrqen liquid Satisfactory a

Compatible far left term 40

-Cb I C sor 2 2
Uydrogen: Liquid & cold Grads 1 5-11

Ambient gas Grade 1 5-11
Oarlock 56411 (Teflom-imprelpfted Rydroge pa rKOme, 0% Class 4 at 150 F 39

asbestos)
Oarlock 735 MR -- elylhydraalae Preferred (usepeocif led perform- 3A

mawe)
Oarlock 23 Nitrogen tet~raside Unfaisfdactory 21

CbuseD, 0F 4
*...........Class D. blistered badly (1 dO 41B

65 F)
Oarlock n2; Oarlock 9000 lngtroen tetroside Class 4 at 66 F 30

(" .2i mois)
Oarlock 300 Nitrogen tetou a e ClassD 0(0 IF, 30 d.) 4

GradeS3 5-7
Class D. SaMple delseamlutd and 45
swoiism(I d. OUT j)

81At~fctorY 0 21
Oarlock 20M on"e Grade 3 5-3
Garlock 900. gasket oygm.. liuid Positive detabsslo, impact tes Is
Oarlock 901, gasket.................No reactimR, Impc test is
Oarlock 230 PsaoaeApproved for ate 3A
Oarlock silastlc 250 Iscompswtle 6. 32
Oarlock silione abbev I3M brlaoiPeible 0, S2
Garlock 735 U-DNTA (MAY-4) Usalatr W6

U-DzTA 8IsfaCWoY is
Oarlock p"ke M UDMN 3lsfactery 1. 3
Garlock 900, gasme UDMN Asmog bet. but vaispocdifd 3A

UDMN, liU"M Class .75 F2
Garlock 900 (compr -ssedibestos 130MN Class k, gowd

Oarlock red. rabbw 3DM. 111"M Ciess 4, 711 T

Garlock 2U0. 233 WFNA. liquid Class 4 at 75 F 39

-IN-M 4emJ -- , d~



G MATERIAL FUE L BEHAVIOR REF

Genstros 0C IRFNA Tensile loss, 1000 psi (7 d. 0 RT) 34
Tensile gain, 600 psi (14 d. @ RT) 34
Tensile loss, 300 psi (21 d. @ RT) 34e .... " Tensile los, 1800 psi (l d. Q 160 34

F)
Tensile loss, 800 psi (7 d. @ 160 34• F)

"""Nitrogen tetroxide Tensile loss, 1200 psi (I do @ RT) 34
S..... .. Tensile gain, 1400 psi (7 do @ RT) 34

".Tensile los, 1600 psi (14 d. @ RT 34
Tensile loss, 3100 psi (21 d. ORT 34
Tensile gain, 1600 psi (42 d. 34

@ RT)
Tensile loss, 600 psi (3 mo. 0 34

RT)
Shredded (7 d. @ 160 F) 34
Class B, Shore C increased 8 4B

units (90 d. @ 70-80 F)
Class D, shredded, 16% loss in 4B

strength (7 d. @ 160 F)
Nitrogen tetroxide Class 2, to 80 F 39

(< . 2% moist)
Genetron GCX-3B Nitrogen tetroxide Grade 1 5-7

Class A, hardness not measured 4, 4B
(30 d. @ 55-65 F)

Nitrogen tetroxide Class 1, to 65 F) 39
(o. 2% moist)

Genetron XE-3B Nitrogen tetroxide Class A, hardness not measured 4, 4B
(30 d. 0 55-65 F)

Grade 1 5-7
Nitrogen tetroxide Class 1, to 65 F 39

(<. 2% moist)

Genetron Trithene A Nitrogen tetroxide Grade 3 5-7
Genetron HL Oxygen dlfluoride (Liquid) Grade 2" 5-13

*Ga in weight indicating absorption
Oxygen difluoride (Gas) Grade 2 5-13

Genetron VK Oxygen difluoride(Liquid) Grade 3 5-13
Oxygen difluoride (Gas) Grade 3 5-13

Genetron UK Propellant 113 Increase wt. & thickness 13
Gen-Flex plastic tubing Liquid oxygen Impact; 2/4 @ 10 KgM 32
Geoo latex 3IX Hydrogen peroxide. 90% Class 4 at RT 39
Geon 11. . . Class 4 at 150 F 39
Geon 404 (yellow) Class 3 at 150 F very limited 8. 39
Geon 8372 Hydrogen peroxide Class 4 3
Glass fiber - See "Fiberglas"
Glypta Boron hydride family Grade 1 5-6
Glyptal, thread compound Halogen fluoride (family) Grade 3 5-18
Glypta Fluorine,Liquid Grade 3 5-10

"Fluorine, Gas Grade 3 5-10
50/50 Hydratine!/UDMH Class 3. incompatible a

Glyptal, clear Ozygen. liquid Positive detonation, impact 18
GlyptaJ, lacquer cement Sensitive to impact (5/5) 18
Graphite with plastic binders Chlorine trifluoride Incompatible 24

Halogen fluoride family Grade 3 5-8

H
""H-filmn SOO Fuel bend Chsu 4 at 160 F 39

Class D. dissolved immediately 43
Nitrogen tetra"ide Clss D, Crumbled (R d. 0 4B

70-80 F)

Incompatible
Nitrogen tetroxide Clas 4 at SO F 33

(.•moist)

HT 424 Aeroine SO Unsatisfactory at" Nittrgen tetroxilde UnsaItisfatory 21

24
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MATERIAL FUF L BEHAVIOR REF

Halogenated hydrocarbon -
See also "ACLAR"

Halogenated polybutadiene.
See also "Hydropol"

Halgene Hydrogen peroxide, 90% Clas 2 at 150 F. limited 8, 39
Halon TFE Fluorocarbon Dilsopropenyl acetylene Good 29

(DIPA)
Halon Fluorine, gaseous Acceptab!e at moderate pressures 3A

and low flow rates
Halon TFE Fluorocarbon Hydrazine Severe attack 29

JP/X Good 29Oxygen, liquid Exceilent 29
Prapyl nitrate Excellent 29UDIM Severe attack

Haveg 61 Hydraulne, liquid Class 3, to 200 F 39Haveg 41 (asbestos filled phenolic) Hydrogen peroxide, 90% Clas 4 at 150 F 30
Haveg 60 (phenolic) Cass 4 at 150 F 39Haveg 41 (phenolic resin) UDiUI, liquid Clais 4, 75 F 2Haveg 60 (fluran resin) . Class 1, 75F
Heresite Industrial WFNA Class 4. all temps, unmcceptable 2, S
Hexacholorobutadiene Hydrogen peroxide (cone) Class 3 V. limited $HiFax IRFNA Brittle (7 d. @ RT) S4"Nitrogen tetrolcde Tensile gain, 970 psi (1 d. @ RT) 34

Too brittle to test (7 d. 0 RT) 34
Nitrogen tetroxde Class 4 at 75 F 39(ýC. 2% moist)

Hycar 2202 Aerozlne SO Unswtiactory 21Hycar boron hydride family Grade 3 5-6Hycar G41 S0/S0 Fuel blend Class 4 at 100 F 39
Hycar 520-41-125-1; 1043 Std No. 1; Class 4 at 85 F 29

1001
Hycar 2202 Claim B. fuel gap l (1 d.* 43

•: >55-0 F)
C Class C, fuel dlciwored, 14% 43

volame mell (270 d. @ 55-60 F)
CLwss D, 43% volume swell (30 d. 4B

0 55-40 F)
Clam 3, to 0 F; 33
Class 4 at 05 FHycar 1001-520-39-5-2 HiCal-3 Clas 3, 120 F, sl1ht sat~fs g 2, 29Hycar 1001-520-39-5-4 Clas 2. 120 F, NC 2, 39Hycar 1001-5W0-37-63-5 Class 2, 120 F. NC 2, 39

Hycar 1001-520-39-5-1 Clasm 4, 120 F. stifened 2, 39Hycar 1001-520-39-5-3 Claim 4, 120 F, tEfmuied 2. 39
Hycar 1001-520-39-5-5 Class 4. 120 F. blisered 2. 39Hycar 1042-520-24-144-1 " Clas 4, 120 F. brittle. crasd 2, 39Hycar 1000-S20-37-83-1 Claim 2, 120 F. NC 2, 29Hycar 1000X88-520-39-20-3 Class 2. 120 F 2. 39Hycar Hydraune, anhydrous Limited service, Clas & I

Hydrsal.m hydrate Limied sarvice. Claim 3
Hydraal'e/%Ydrami Limited service. Clmas 3

attrtrateate~r
Hycar 2M20 50A/0 Hydrutas/UDMH Clams 1. g servlie IHycar Hydrogen pertudde Class 4 3
Hycar PA 478-1-1 (black) Hydrogen peraslde. 30% Clas 4 at 150 F 32
Hycar lowX=0 JP-X ore A los - 10 to 0 (7 d.0 34RT)
Mycar 1000X10 JP-X 41% to 50 swell (1 d. 0 3M 34
Hycar 1OO0X132 " A I*os -11 to 20 (1d. 4 34

4 0  to 41 swell•(•4. OR) 34
Hycar 1001 S4 well (1 d. S @T) 34"oreA. k -lI(Trd. @Rl 34

13% tonswel uT. iO* r) 34S% to SMM m l (14 4 . ra ) 34
"$n MelU (21 d. #I 1F n 34

Hycar ...1011 2"% to W% M U (7 @r) 04 F
"" to Sis aU (144 4. r) 34

asJ
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MATERIAL FUE L BEHAVIOR REF

Hycwr 1011 JP-X 21% swell (21 d. @ RT) 34
9% s4ell (42 d. @ RT) 34
8% to 22% swell (3 mo. @ RT) 349% swell (6 mo. @ RT) 34

.Shre A, oss- 3 to28(7d.@ 34
RT)

"Short A, loss - 13 to 27 (14 d. @ 34
RT)

Shore A. Joss - 13 (21 d. 0 RT) 34
. .Src •. loss - 3 (41 d. 0 RT) 34
.Shre A. loss - 5 to 14 (3 s o. 34

RT)

Shore A, loss 4 to gan 2 (6 mFo. 34

Uio *R IE%.5 i w? 0 3

Shm 1, A, loss- 7to I(7d. @ 34
160 F)

Shore A, l ss - 7 to 10 (14 d. @ 34
160 F)

Shore A.. loss- 8 (21 d. 160 F) 34
. ..Shore A s o - 8; 47d swell 34

SI0 mirwld (a6 F'0 F)

Shorel.oýl(4 6 - 5; T, swell (60 34
min ( 4,00 F)

Sycer 1014 Shore A, loss - 7 (T d. OR•)T 34Mycar 1014 64% swell (7 d. ta RT) 34

Ifycar 1041 Shore A. loss - 13 to 21 (7 .@ 34
RT)

Shore A. loss - 25 (14 d. @FT) 34
Shore A, loss - 10 and 14 (7 34

@ 180 F)S...Shore A. boss - A (14 a. Q 160) F) 34

.iS. to 40 swell (7 d. @ RT) 34

.38 to 40T swell (14 d. l RT) 34
1 to 22% swell (7 d. @ 160 F) 34
1 .swell (14 d. 0 160 F) 34

"Hcar 10" Shore A. loss- 23 (7 d. @ FT) 34
..... owe A. loss -Cla(14sd. 0 Ra) 34

S....0.Share A. kos8 C 13 (lasd. 0 RT) 34
... Shore A. loss- 18(14d. @ 34

I$G IF)
S.. ... IS swell (7 d. Q• IM 34

... swell (14 d. a RT) 34S....35% swell (21 4. RT) 34
..... 0% swell (14 d. 0 160 F) 34

5lear Ss Nitrogen tetroxde UNGAWAtCtY. 5.
... Cl D. dissolving 11 d. GS F) 4. 4D

Nitrogen tetrRyxre Classr 4 as 1SF 31

Myicr. Myelr 2M. C"40M RFMA Clmy 4 at 75 F 39
%~year 2M RF1NA-7 Srevere attack at RT 27

.. Sh e ot* A. loss 14(7d. R ITT) 34
W• swel (11 d. J RT) 34

Ilvd~urartmI plMers: xttrat t($maie Grade I-
Formula- 3, 53 Fd 101Hydrqopol Miora trbir Lo order dwiati-= I19

SO SO 50 I b0loo•d Coa~atibk to

•V "Classa . to 140 F. 39Chbm 4 at 100 Fr

PyhoW T .... Ca" , to 145 F3
UHyrqlt le C ompatibl4e 19

•4 #w#! f-m (5t. 0 MTr1 34

S• "4% atill' Mo. J IWK nr 34

"- o A. -.. - 1 414. 0 WrT 34- 9hn• A. last - 1 014 4. 0• WT) 14

Sare A,. In" I t. t 3- 1 . 34
0 WTI
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NIAIERIAL FUE L DEIIAVIOR REF

Hydropol HydrazLw Shore A. gain - 4 (5 mo. 6 RT) 34
ShoreA, loss- 1 (7d. @160 F) 34
"Shore A, gatn - 4 (5 mo. @ 160 F) 34

"Hydrazine, liquid Class 2, to 160 F 36

Hydropol V. TP NItrogen tetroxlde, -19 tc 48% swell in Id; 19 to 33% 19
lquid well in 7 d.. crumbled when

flexed; good aexaran:e
Hydropol Propyl nitrate Shore A, no change to lns - 2; 34

2% shrink to 5% swell (6 mao.
RT)

"Share A. loss - 17; 33% swell 34
(7 d. 0 160 F)

"hore A. gain - 3; swell 34
(2' d. @ 160 "?

Shore A, lo•s - 1S; 1 Oftand 13% 34
swell (3 mo. 0 100 F)

5% shrink; brittle (3 mo. * 160 F) 34
13% swell; brittle (S mo. 160 F) 34
Shore A, no change to loss -2; 34

4% and 8% swell (6 mo. 0160 F)
5% swell 46 mo. @ RT) 33
.13 swell (3 wo. 4 160 F) 33
4% swell S6 mo.•0 1 )0 r)

Hydropoi O" (plastic) U-DETA (MAV-4) Satisfactorv y
Hydropol TP U-DETA Satlsactor% 12
Hydrapol UDMH Shore A. k." - 7; 22T 9"11 34

(60 min. tt 350 F)
Shore A. loss - 12; 20% swell 34

ý'O mrin. 0 400 F)
"20% swell (14 d. 0 160 ) 34
Store A. l - "7(7/d. 0 160 F) 34

Hydropo! T Clams 2. good 8
Hydiqool V UDMH (liquid) Class 3. 160 F 2
Hydrapol V (9567). (956). (9569). UDMH Clas 2. good 4

(9570), (1123). (1130). (1132). 43M4)
(PhiUllips Petroleum)

Hypalon 20 Aerqzhne 50 Uamtlmartory 2
"H)pilon Ammoal anhydrous 1. 5% swell ( d. 0 RT) 33

1 seeU 47 d. 0 100 F) 33
Hypalon 20 SO Fuel bind Cias 4 at so F

Claw D. 60F. 90d. 4
Class D. black particles in fuel 4*9

( d. 0 0-70 F)

•$ypalo0 S050 HydtatnetUDMl Class 2. Umited servre I
Hydrulat IncovWtIble 23

Hypalon 20 Hydr-1t family Grade 3 5-.
naylon gasket Hydragt paromide. 00% Ca" 4 at '0 IF 3W

Hypabon "a', ruv (GRC 90-S1 C1&, 3 at ISO F a, 39
HypseW S-2 Class 4 at 150M 6
Hypsfbo V-54-B (gray); 1 -'-a (gray). Clned 4 at ISO F r0

V.163-4 (black)
lhrpalo Nllrg tewrose otf paibt

Claaa . CO r
Grade 3 S-7

Hypnato 20 pMSAat•"Ir 11
Class El. 1004 -o6me Swell Is 1 49
kean (*5 F)

tqe.tetraetw Class 4 at It. at 7% T 3

oxre 46. Very ev mmatw. kmpW M-2) to
"V1141 eswc Impet; 1' )o 0 10 E*M 32
"HT"IMuIber Impact:2 1 •1 3 tO KiM 31
Nyps~lm. ¢srwbo fbl~ed IqPercaryl fluariez Class 4 M 3"0 1 1 30

WIINA Fair rtuiw to Srw tmmer%.• 11
cmssleraM. mwmlt NW l It.

is bre-

27
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MAT ERIAL FUEL BEHAVIOR REF4 H_ __ ___

Hysol: 4-77C(clear); 4-77D (amber); Hydrogen peroxide, 90% Class 4 at 150 F 39
4-77E; 4-77F; 4-78A (white); 4-78B
(brown) 4-78C (amber); 4-78D1
(amber); 6000B (amber)

Inorganic plastics RFNA Class 4 at 75 F 39
Insuroc 50/50 Hydrazlne/UDMH Class 3, incompatible 8
Irr .hene 101 Hydrogen peroxide, 90'7 Class 2 at 150 F, limited 8, 39

S. . IRFNA Blistering 7 d. @ RT 34
Irrathene 102 Bilstering 7 d. @ RT 34
Irrathene 101 Nitrogen tetroxide Tensile loss - 460 psi I d. @ RT 34

S.......... Tensilt loss - 920 psi 7 d. @ RT 34
Irrathene 201 .... Tensile loss - 200 psi I d, @ RT 34

Tensile loss - 500 psi 7 d. @ RT 34
Tensile loss - 2500 psi 14 d. @ 34

Isobutylene copolymers, Class D t80 F, 7 d.) 4
formulas 41-43, 45-52, 103-109
and 111

Isobutylene copolymers, Class D (80 F, 30 d.) 4
formulas 44, 87-89, 100. 102

Isobutylene copolymers, Class B (80 F, 30 d.) 4
formula 101

Isoprene Class D - Severe 11A

K
Kel-E-1 Hydrazine, liquid Class 4 at 140 F 39
Kel-E-5 ... .". Class 4 at 140 F 39
KeI-F Aerozine 50 Unsatisfactory 21
Kel-F elastomer . Unsatisfactory 21
Kel-F LOX grade Unsatisfactory 21
Kel-F Alcohols (methyl, ethyl, Approved for use 3

isopropyl, furfur'l)
"Ammonia, gaseous Class 2, to Hot 2, 39
"Ammonia, liquid Class 2, to Hot 2, 39
Ammonia, anhydrous, Grade 1 5-!Z

liquid
Ammonia, anhydrous, Grade 1 5-12

gaseous (< 250 F)
Ammonia, anhydrous, Class 2, limited 8

dry, ambient temp.
Ammonia, anhydrous, Class 2, iimited 8

moist, ambient temp.
Ammonia, anhydrous Satisfactory 3

Kel-F 5500, elastomer, seals Boron hydride family Grade 1 5-6
Kel-F and glass yarn, seals . . . . Grade 1 5-6
Kel-F 500, unptasticized, seals Grade 1 5-6
Kel-F Bromine trifluoride, Class 2,to 75 F 39

liquid
Chlorine trifluoride Satisfactory 3
Chlorine trifluoride Class 2, RT* room temperature 2

gas
*May be sensitive to high flow rates

Kel-F Chlorine trifluoride Compatible, under static condi- 40
tions only; long term applica-
tions.

".. . Incompatible; absorbs CTF at 31
ambient temperature

Approved, except for flow 3
cond.tions

28
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, MATERIAL FUE L BEHAVIOR REF

KM-F Chlorine trifluoride Promising for contact (avoid 25
compounding ingredients which
may react)

Limited service 24
Chlorine trifluoride, Class 2. to 75 F 39

gaseous
Chlorine trifluoride, Class 2, to 85 F 39

liquid
"Chlorine trifluoride Class A, general service 8

Kel-F elastomer .. .. . Class C, incompatible; swells and 8
softens

Kel-F 800 Apparcnt compatibility 19
Kel-F 5500 . Low order detonation 19
Kel-F Ethylene oxide Approved for temps to 160 F 3
Kel-F 81 FLOX-40 (40% F2 -60% Class 1, to room temperature 39

02), gaseous
Kel-F Fluoramine family, Grade 1 5-9

liquid or gaseous
Fluorine: Liquid Grade 3*, * 5-10

Gaseous Grade 2** 5-10"*Not based on test results
**Unsatisfactory above room temp

Kel-F Fluorine, gaseous Acceptable at moderate pressures 3A
and low flow rates

Kel-F Class I to RT 2, 39
Class 4, >RT

Kel-F 90 50/50 Fuel blend Class D (60 F, 30 d.) 4
Kel-F (annealed) .. .. Class A (60 F, 90 d.) 4
Kel-F-300 (unplastlcized) . . . Class A (60 F, 180 d.) 4

Class B (80 F, 70 d.) 4
Class D (160 F, 30 d.) 4

Kel-F 300 uoplastisized . . . Class B, slightly discolored, 4B
shrinks l 1% (360 d. @ 55-60 F)

Class D, stress cracks, surface 4B
attack (8 d. @ 70-80 F)

Class D, blackened, became 4B
fragile (6 d. @ 160 F)

Class B, slightly discolored, 4B
shrinks < 1% (30 d. @ 55-60 F)

Class C, sample brown (270 d. @ 41
55-60 F)

Class B (70 d. @ 70-80 F), 40
hardened, cracking tendency

Class D (30 d. @ 160 F), 40
blackened, became fragile

Class 2, to 60 F 39
Class 4 at 80 F

Kel-F 300 Class A (180 d. @ 55-60 F) up to 40
3% H 2 0

KeI-F 300, unfilled " Class 1, to 75 F 39
Kel-F 300, annealed Class 3, to 60 F 39
KeI-F 300, 15% glass filled Class 1, to 75 F 39
Kel-F 800 ...... Class 4 at 75 F 39
Kel-F 3700; 5500 Class 4 at 75 F 39
Kel-F Helium, gaseous Suitable for use 3A

"Halogen fluoride family Grade 1; known to ignite. Expose 18
to gaseovs propellant before use;
not to be exposed from metal
more than .003 inch.

Kel-F elastomer . Grade 3 5-8
Kel-F (unplasticized) 50/,'0 Hydrazine/UDMH Class 1, general service 8

Class 3, incompatible (160 F) 8
Kel-F HEF-2 Satisfactory 1, 3

" HEF-3 Satisfactory 1, 3
Kel-300 " Satisfactory 3
Kel-F HiCatl-3 Satisfactory 1, 3
Kel-F-300, 500 Class 2, 120 F 2

Class 2, no change at 120 F 39

III 29



MATERIAL FUE L BEHAVIOR REF

K
SKel-300 HiCal-3 Satisfactory 3

KeI-F Hybaline A-5 Net lo weight change, 500 hrs @ 35
50 C - 0.02

Kel-F. wmplasticized Hydrazine Satisfactory 1, 3, 3A
Kel-F Compatible 23

Clabs 1, 80 F 2
" Class 4, 160 F 2

Compatible for long term appli- 40
cation, < 80 F

Hydrazine, liquid Class 1, to 80 F 39
Class 4, at 160 F

"Hydrazine, anhydrous Limited service, Class B 8
"Hydrazine hydrate Limited service, Class B 8
"Hydrazine/hydrazine Limited service, Class B 8

nitrate/water
Kel-F (annealed) Hydrazine family Grade 2 5-5
KeI-F 300 .. .. .. Grade 3 5-5
KeI- F-300 (15% glass filled) Hydrazine, liquid Class 4 at 140 F 39
Kel-F 5500 Hydrazine family Grade 3 5-5
Kel-F elastomer Hydrazine Incompatible 23
Kel-F Hydrazoid B Unsatisfactory; starts disintegrat- 31

ing in 120-150 d. at room
temperature

Hydrocarbon fuels Satisfactory 1, 3
Hydrogen: Liquid & cold Grade 1 5-11

gas
"Hydrogen: Ambient gas Grade 1 5-11
"Hydrogen, liquid Satisfactory 1, 3, 11
Hydrogen peroxide (long Satisfactory 1

term use)
"Hydrogen peroxide Class 1, acceptable 8

S.... . .. .. Class I, 2, 4 3
Kel-F, Alkane Hydrogen peroxide Class 2, limited 8

(Concentrated)
Kel-F coating Hydrogen peroxide, 90% Class I at room temperature 39
Kel-F on 1060 aluminum . . . . Class I at 150 F 39

- on 5254 aluminum
- on 5652 aluminum

Kel-F-Dacron dlaphragm-VL-1101m4 . . . . Class 4 at 150 F 39
Kel-F "ap' ring (CPD 7761-70) . . . . Class 2 at 150 F 39
Kel-F, Porous (15 micron pore) . . . . Class 2 at 150 F 39
Kel-F 550/800 (50/50) Hydrogen peroxide Class 1 acceptable 8

(Concentrated)
Kel-F 800 . . . Class 1, acceptable 8
Kel-F 820 . . . Class 2, limited 8
Kel-F (unplasticized); Hydrogen peroxide, 90% Class 1 at 150 F 39

Kel-F 800 (Lot 5649)
Kel-F 820 (G4028) . . . . Class 2 at 150 F 39
Kel-F 3700 gum . . . . Class 3 at 150 F 39
Kel-F 3700/Kel-F 800 (50/50) . . . . Class 2 at 150 F 39
KeI-F; 5160 diaphragm; 5500 (gray) . . . . Class 2 at 150 F 39

diaphragm; 5500 (gray) on Dacron
diaphragm

Kel-F 5500 gum . . . . Class 3 at 150 F 39
Kel-F 5500, unpigmented; 5500-121; . . . . Class 2 at 150 F 39

5500-61
Kel-F 5500/Kel-F 800 (50/50) . . . . Class I at 150 F 39
Kel-F 2140 IRFNA Class 4 at 75 F 39
Kel-F-2140 " Shore A, loss - 18 to 24 17% to 34

55% swell (7 d. @ RT)
Shore A, loss - 26 to 51 46% to 34

99% swell (7 d. 160 F)
Kel-F 5500 Absorbed fuel; softened (-25% 14

I ~approx. )
Shore A, loss - 6 to 15; 7%' to 34

36% swell (7 d. @ RT)

Shore A, loss - 15 to 24; 10% to 34
17% swell (14 d. @ RT)

30
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0 MATERIAL FUEL BEHAVIOR REF

Kel-F 5500 IRFNA Shore A, loss - 20 to 29; 13% to 34
22% swell (21 d. @ RT)

"21 d. @ RT -- 13% swell 33

Class 4 at 75 F 39
Kel-F JP-4 Fuel Little affected at 80 F or 160 F 27
Kel-F elastomer 3700 and 5500 . it Exceptional resistance at R. T. 27

immersion
Kel-F, unplasticized Monomethyl hydrazine Poor a

to .. . . .. . . . Preferred (unspecified per- 3A
formance)

Kel-F Nitric acid,fuming Satisfactory 1, 3
"Nitrogen, gaseous Suitable for use 3A
"Nitrogen, liquid Satisfactory 1, 3

Kel-F 5500 Nitrogen tetrafluoride Promising compatibility 26
Kel-F Nitrogen trifluorlde, Satisfactory for valve packing 8

gaseous
Nitrogen tetroxide Satisfactory 1, 3

" Absorbs N2 0 4 , becomes soft and 10
flexible

"Unsatisfactory 21
"Class B/A, slight to satisfactory 14A
" Withstands contact, among best 8

" ' " Incompatible 28
"Nitrogen tetroxide Class 4 at 75 F 39

(C. 2 moist)
Kel- F, annealed Nitrogen tetroxide Class C (60 F, 30 d.) 4
Kel-F, unplasticized Nitrogen tetrozide Class 1,to 160 F 2, 39

(0.2-1.0% moist) Class 4 at 160 F 2, 39
Kel-F elastomer Nitrogen tetroxide Incompatible 8, 21, 30
Kel-F elastomer Nitrogen tetroxide Class 4 at 75 F 39

1 (<. 2% moist)
Kel- F 90 Nitrogen tetroxide Grade 3 5-7

9. Class D, Severe 14A
Kel-F 300 Nitrogen tetroxide Strength & stiffness decrease 10, 10A

(dynamic & static ex- rapidly
tended service)

Kel-F 300, unplasticized Nitrogen tetroxide Class C (60 F, 30 d.) 4
11 It.. tClass A (60 F, 30 d.) 4
11 .. . . . .Class C (80 F, 70 d.) 4

. . .Grade 3 5-7
9......... 'Class D, Shore D decrease 21 4B

units, sample yellow (30 d. @
55-60 F)

Class D, Shore D decrease 29 4B
units (1 d. @ 70-80 F)

Class D, Shore D decrease 34 4B
units, sample) yllow (30 d. @
55-60 F)

Nitrogen tetroxide, Class C (70 d. @ 70-80 F) 40
liquid sotened

Nitrogen tetroxide Class 4 at 60 F 39
(or. 2% moist)

Kel-F 300, annealed .... .. Class 4 at 60 F 39
Kel-F 500 and 500E Nitrogen tetroxide Strength & stiffness decrease 10

more rapidly than 300
Nitrogen tetroxicde Strength & stiffness decrease 10A

(dynamic & static ex- rapidly
tended service)

Nitrogen tetroxide Grade 2 5-7
Kel-F-3700 and Kel-F-5500 Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)
Kel-F 5500, 800 Nitrogen tetroxide 409 to 653% swell in 1 d. 19
Kel-F 5500, 820 ...... 700 + % swell in I d. 19
Kel-F (LOX grade) 11 Unsatisfactory 21
Kel-F sheet and O-rings Oxygen Grade 1 5-2
Kel-F 81 " Spontaneous ignition temp - 425 C 42

at 7500 psi; 431 C at 2000 psi

31

-. . --- - --- • - : . ..- = 1 -• 7 ,



MATL.RIAL FUE L BEHAVIOR REF

Kei-F elastomer 3700 Oxygen Spontaneous ignition temp - 332 C 42
at 7500 psi; 341 C at 2000 psi

Kel-F elastomer 5500 " Spontaneous ignition temp - 340 C 42
at 7500 psi; 352 C at 200 psi

Kel-F Oxygen, liquid Satisfactory 1, 3
o f " Insensitive, impact (0/20) 18

KeI-F primer: LL-1 .. .. Insensitive, impact (0/10) le
Kel-F primer: PN-25 .. .. Insensitive, impact (0/10) 18
Kel-F sheet .. .. No reaction 18
Kel-F base elastomer (white), .Insensitive, impact (0/10) 18

SR 24270
Kel-F 700 elastomer .. .. Very sensitive, impact (2/2) 18
Kel-F 5500 elastomer . Very sensitive, impact (2/2) 18
Kel-F elastomer .. .. Slightly sensitive, impact (3/10 - 33

40 ft lb); Sensitive, impact
(5/10 - 50 ft lb)

Kel-F resin .. .. Insensitive, impact (0/6) 18
Kel-F gasket material " No reaction 18
Kel-F, unplasticized (ACLAR) . Impact insensitive; generally 32

acceptable
Kel-F Oxygen difluoride, Grade 2 5-13

liquid and gaseous
Kel-F 5909 Oxygen difluoride Class 4, -109 F 39
Kel-F Oxygen/ftygen difluoride Class 3, to 212 F 39

(30% O2 + 70% OF2)
Kel-F Pentaborane Compatible for long term 3A, 40

applications
Kel-F and glass yarn Compatible for long term 8, 22, 40

applications
Kel-F and glass cloth .. .. Class 1,to 75 F 39
Kel-F 5500 .. .. Class 1, to 75 F 39

Compatible for long term 3A, 8, 22,
applications 40

Kel-F Perchloryl fluoride Satisfactory 3
Kel-F and Kel-F elastomer Perchloryl fluoride dry Class 2, 390 F 2
Kel-F Perchloryl fluoride, Class 1, to 75 F 39

liquid Class 2, to 390 F
Kel-F elastomer Perchloryl fluoride, Class 2, to 390 F 39

gaseous
Kel-F 5500 Perchloryl fluoride Promising compatibility 26
Kel-F Perchloryl fluoride Class 3, to 85 F 39

(25)/chlorine
trifluoride (75)

Kel-F 5909, elastomer Perchloryl fluoride Class 2, to -109 39
(50) /tetrafluorohydra-
zine, gaseous

Perchloryl fluoride/- (Gaseous, I d.) -0.59' 20
tetrafluorohydrazine (Gaseous, 21 d.) -1.5*

Slight wt loss - slight solution 20
(Gaseous, 21 d.)

*Change in wt/unit area, mg/sq in.
Kel-F n-Propyl nitrate Satisfactory 1, 3

"RFNA Outstanding resistance at room 27
temperature and 160 F

Kel-F, coating " Class 1, to 75 F 39
9 .. .... Class 4 at 75 F 39

Kel-F 3700, elastomer " Withstood 500 hr, room tempera- 27
ture, least attack after acid

Kel-F 5500, elamtomer Withstood 500 hrs room tempera- 27
ture; withstood 8 hrs @ 160 F

SKel-F resin 800/Kel-F elastomer Stained yellow (7 d. @ RT) 38
5500 on Fiberglas

Kel-F U-DETA (MAF-4) Unsatisfactory 6
Kel-F U-DETA Discolors 12
Kel-F 800 " Unsatisfactory 12
Kel-F elastomer " Discolored, distorted, cracked 12

(• & brittle
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0 MATERIAL FUEL BEHAVIOR REF

A
Kel-F UDUH Among best, but unspecified SA

performance
Kel-F, unplasticized UDMH (liquid) Class 1, 140 F 2

UDMH (vapor) Clas 1, 140 F 2
UDMH Satisactory 1, 3

Compatible for lon term storage, 40
<140 F

KeI-F X300, elstomer UDMH (vapor) Clas 4, < 140 F 2
UDMH (liquid) Class 4, < 140 F 2

Kei-F 3700, elastomer .. . Class 4, 00 F 2
Kel-F 5500, elastomer CIss 4, 80 F 2
Kel-F 300-25 Class 4, 140 F 2

S. . UDMH (vapor) Class 4, 140 F 2
Kel-F, unfiled UDMU Class 2, goon I
Kel-F 300, 15% glass filled class 2, good 8
KeI-F 800 Class 3, fair 8
Kel-F, dispersion coasting WFNA Class 2, slight corrosion rate, 2, 8, 39

75 F limit
Kel-Flo Polymers Hydrogen peroxide Clas 2, 3 3
Klfter Acidit 50/50 Hydrazlne/UDMbH Clas 3, incompatible I
llger 721 (400) UDMH Class 2, good 8

KIfger acidit Class 2, good S
Kllnger 1000 aChsm 2, good a
Klinger Ollit " Class 2, good 8
Koingerit (pink) Clau 2, good a
Kodapak I IRFNA Clue 4 at 75 F 39

Dissolved (7 d. @ RT) 34
Nitrogen tetroxmde Disintegrated (1 d. 0 RT) 34
Nitrogen tetroxide Clss 4 at 75 F 39

(<. ft moist)
Korda Flex (Teflon-coated glass Hydrogen peroxide, W0% Class 2 at 150 F 39

fabric
Koroseal Aniline Satisactory 3

"Halogen fluoride family Grade 3 5-S
"Hydraine, liquid Class 3, to 77 F 2, 39
" Hydrune, anhydrous Limited service, Class B I

""Hydrazint hydrate Limitted service, Class B a
" Hydrazine/hydrasine Limited service, Cluas 8 a

nitrate/vater
Koroseal, vinylite Hydrazine family Grade 2 5-5
Koroseal Hydrogen peroxide Class 2 and 3 3
Koroseal: 116 and 117 (molded) Hydrogen peroxide, W0 Class 30 150 F, very limited 8, 39
Koroseal 700 .... .. Clue 2 @IS10 F, limited 8, 39
Koroseal Nitrogen tetroxide Clas 3, 00 F 2

(water, > 0. 1%)
Nitrogen tetroxide LUmnted service 30
Nitrogen tetrowide Clan 3 at 90 F 30

(0. 2-1.0% moist)
"WFNA, liquid Clas 4 at 7S F 32

Kralite Hydrogen peroxide, W% Clas 3 at 150 F t, 39
"K" Seal (Teflon and metal) Nitrogen tetroxide Grade 1 5-7
Kynar liner Aeroslne 50 Very resistait, but rermeable MA

(30 d. @ 100 F)
Kynar Tensile, 61.0% ret (7 d. 0 100 F) 3C

Tensile, 110% ret (30 d. O 100 F) MC
Elogation, 62.5% ret (7 d.0 3C

100 F)
Elogation. 100. ret (30 d. 1C

100 F)
Hardness, -2 champe (7 . 100 36C

F)
Hardness, -1 chang (30 6. M6C

100 F)
Chlorine trifluoride Teosle, lot.1% ret (7 d. @100 MCF)

Towle, 9. % rot (30d. 100 6CF)
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MATERIAL FUEL BEHAVIOR REFK
Kymar Chlorine trifluoride Elongation, 100% ret (7 d. 0 100 36C

F)
Elogatlon, 125.0% ret (30 d. @ 36C

100 F)
SHardness, .4 change (7 d. 0 36C

100 F)
Hardness, +3 change (30 d. @ 36C

100 F)
Chlorine trifluwride No apparent reaction up to 25 C 9

(liquid, at 30 C mam
tempt in KeI-F tube)

Klnar 1400 Hybalins A-5 Not % weight change (500 hro @ 35
SOC) - 0.04

Kymr 50/50 Fuel blend Class 2, to 80 F 39
Class 4 at 160 F
Clss B, tntple discolored 4B

(30 d. @ 70-80 F)
Class A, (30 d. @ 70-80 F) 43
Class D, swollen, cracked (30 d. 4B

@ 160 F)
"Nitrogen tetroxide Compatible for lM term appli- 40

cations, test temp 63-67 F
"Nitrogen tetroxide Class 1,to 80 F 39

('. 2% moist)
Kynar liner Nitrogen tetroidde Very resistant, but permeable 36A

(30 d. @ 100 F)
Knw Tensile, 83.2% ret (7 d. @ 100 F) 36Cg .Tensile, 115.0% ret (SOd. @100 F) 3C

Elongation, 100. ret (7 d. @ 100 36C
F)

Elongation, 50 ret (SO d. @ 100 36C
F)

Hardness, -3 change (7 d. @ 100 36C
F)

Harness, -11 change (30 d. @ WOC
100 F)

L
LaCtprene 0Hydruine. anhydrous Incompatible. Class C 8

" . . Hydraulne hydrate Incompatible. Class C 8
Hydrazinu/hydraulne Incompatible. Ciss C I

nitrate/water
Hydrutne family Grade 3 5-5

Hydraine. liquid Clas 4 at 75 F 39
Laumiar 4128 ("M liquid Impact sensitive (4/10) 1i
Lankote Irboro B WFNIA Class 4. all temps 2

.. ..... Cisu 3. 75 F 8
Lankate Fhaoro B U-DETA Unsatiactory 12
Laakote-KB WFNA Class 3. 75 F (Intermittent 2

spilage)
Lea. Atrosine 50 Unsaidactory 21

"$0/50 Fuel blend Chsu D. dlasoled (10 d.0 4B
55-00 F)

Class D, dissolved in I min 4B
(0 0-00 F)

Ci.s" D (60 F. 30d.) 4
CIa" 4 4100 F 33

" 50/50 Hyraun* 1JDMN Class 3.ncompitble a
" Hytrazne Dissolved (7 d. (k RT) 34
MFKA Clas 4 at 7S F 39

Dtssolved (I d. 0 RT) 34
Nitrogen tetronde ClAs D (60 7, 304 .) 4

Class D. Sever.e 14A
S.. UnM•tiactory 21

S.....Grade 3 $-7

34
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Lezan Nitrogen tetroxidde Class 4 at 607F 30
(<. A moist)

a-Propyl nitrate Tensile loss, 2100 psi; 39% 34
volume swell (7 d. @ RT)

Lucite Hydraxsne family Grade 3 5-5
Ilydrauine, liquid Class 2, to 80F 2, 39
Hydrasine, anh~ydrous Limited service, Class B a
Hydrasine hydrate Limited service, CIAss B 6
Hydraslne/hydraulne Limited service, Class C 8

nitrate/water
Hydrogen, liquid Compatible for long term 8,40

applications
Class 1or 2 2

Hydrogen:~ iquid a cold Grade 1 5-11

Ambient gas Grade 1 5-11
Lacoliez (PVC) (translucent or white) Hydrogen perasde, 900 Class 3 at 150 F 6, 39

Marlen 50 Aeroulne 50 Slight absorption; stress cracking 10
(20 hr @ 75 +5 F)

IUnsatisfactory 21
50/50 Fuel moled Class B (607F, god. 4
50/50 Hydrazine/UDIIH ClAss 2, limited service 8
Nitrogen tetroxide Unsatisfactory 21
Nitrogen tetrowide Class 4 at 757F 39

(<. 2 moist)
Marlez 5003 Nitrogen tetroxide, Class D (30 d. 0 70-60 F) 40

liquid became brittle
Starlex 5003 Nitrogen tetroulde Class D (SO F, 30 d.) 4

'4Marvinal 218-200 Hydrogen perozide Class 4, nad acceptable
Mavnual 218-200;, 218-201; NO-3005; Hydrogen peroxide, 90% Class 4 at 150 F 39

NR-601O
Melamine - See also "Mfelmac
Meamine formaldehyde Aeroalne 50 Good (7 d. @ 707F) 36

(American Cynamid)
Melamine formaldehyde Hydrazine, aunhydrous Limited service, Class B I

S'Hydrazins, hydrate Limited service. Classý B I
Hydrazine/hydrazine Limited service, Class 9 1

nitate/water
Hydrazine family Grade 2 5-5

Melamine formaldehyde Nitrogen tetroxide (1) Good (2 d. @ 707F) 36
(American Cynamid) (2) Discolored (2 d. 0 70 F)

Melamine Oxygen. liquid Sensitive, impact (4/10) 16
Melamilse, cellulose " Very alight sensitive, impact Is

(1/30)
Mtlaminie, mineral filler " Sensitive, impact (3/10) 1s

eltamine, molded Sensitive, impact (3/10) 1s
Melamine formaldehyde Perchloryl fluoride, Class 4 at 607 F2S 39

Weamlus reuine a-Prtchyl nitrate Satisactory 1, 3
Melamine formaldehyde RINA Class 4 at 75SF 30
Melbeetas G631 (Melrath Gasket) UIiGIM Class 2, good I
Melmac No. 1077 Hydrogen peroxide, 90% Class 4 at 1507F 30
Methyl methacrylate -

See also "Llecifte" "Phofiolls
Methyl metbacrylate (Pleziglas) Prqwelaat 113 Little affect 13
Methyl methacrylate resins RF7(A Class 4 at 75 F 30

efthyl styrene perebloryl fluoride, Class 4 at 60 F 2, 30

Metbw 401 (~adeelv) so/So Hydruaala/UW? Class 3, IncoMpatble I
Micarts Hydrogen, liquid Compatible for long term 8. 40

application

'4
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MATERIAL FUEL BEHAVIOR REF

M

Micarta Hydrogen: Liquid & cold Grade 1 5-11
gas

Ambient gas Grade 10 5-11
*Not based on test results
Hydrogenliquid Class I or 2 2
"Nitrogen tetroxide Grade 3 5-7

Modacrylic fiber - See also "Dynel"
Mylar Aerozine 50 Unsatisfactory 21
Mylar, seab Boron hydride family Grade 3 5-6
Mylar 50/50 Fuel blend Class 4 at 60 F 39
Mylar A Class 2, to 75 F 39
Mylar Clas D (30 d. @ 55-60 F) 4. 40

dissolved
"50/50 Hydrazirn/UDMH Class 3, incompatible 8
""ydrazine Incompatible 23

Mylar, A Hydrazine, liquid Class 4 at 140 F 39
Mylar films Hydrogen, liquid Acceptable 1

Hydrogen: Liquid & cold Grade 3P 5-11
gas

Ambient gas Grade 1 5-11
S*Notbased on test results

Mylar A and Mylar B Hydrogen peroxide, 90W% Class I at 150 F 8, 39
Mylar IRFNA Class 4 at 75 F 39

Dissolved (7 d. @ RT) 34
"Nitrogen tetroxide Unsatisfactory 21

"Incompatible 30
"Disintegrated (1 d. @ RT) 34
"Grade 3 5-7

""""Class D (60 F, 30 d.) 4
" . Class D, severe 13

Nitrogen tetroxide, Class D (30 d. @ 55-60 F), 40
liquid dissolved

Nitrogen tetroxide Class 4 at 60 F 39
(<. 2% moist)

Mylar films Nitrogen, liquid Satisfactory 3
Mylar Oxygen, ditfluoride Grade 2$ 5-13

(Liqui)
"Gain in wt. indicating at irption
"Oxygen difluoride Grade 2 5-13

(Gas)
Mylar film Oxygen, liquid Flexes easily, impact strength 17

good
Mylar film, aluminum faced Flexes without breaking; good 17

impact strength
Mylar film, w/polyester adhesive Flexes without breaking; good 17

impact strength
Mylar tape (Permacel 254) Flexibility good; impact strength 17

good
Mylar tape (0427) . . . Flexed without breaking; impact 17

strength good
Mylar tape (Mystic tape) . . . Flexed without breaking; good 17

impact strength
Mylar film/ to fiberglass cloth Flexibility good; impact strength 17

good
Mylar . . Impact sensitive 32
Mylar rope strands Very sensitive, impact (3/3) i1
Mylar/aluminum laminate Positive detonation 10
Mylar Very slight sensitive, impact is

"(2/30)
Pentaborane Incompatible 0. 2

Class 4 at 75 F 39
Mylar A U-DETA Satisfactory 12
Mylar U-DETA (MAF-4) Satisfactory I

"UDMH (liquid) Class 4, 75 F 2
Mylar A UDMH Class 3, good i
Mystic tape A-1l1 Oxygen. liquid Impact. moderate detonation 1i

-. 36
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MATERIAL FUE L BEHAVIOR REF

Napco foam, F-10 and B-49 Pentaborae Incompatible 22
Narmco X3168 50/S0 Fuel bleod Clus 4 at 60 F 39

1 . . t t ... .I CIA" D (at 55-60 F) 4B
Neoprene N-250 Aerosine 60 No visible change (24 hr 0 75 1047r)

Neoprene 16 visible chaop (24 hr 075 7) 10A
"Unsutsatory 21

Neoprene Alcohols (methyl, ethyl, Approved for us* 3
isoprotisr)

Ammonia, anhydrous, Grade 2 5-12
liuid and gas (<(2500 F)

"Ammnaoni asAydrous 3% shrink (7 d. 0 HT) 33
... .. ..It .. 3% shrink (7 d. 0 160S ) 33

"Ammonia, anhydrous, Clans 2, lImited I
dry

Ammonia (dry) Class 2, 75 F 2
Clas 4 at Hot

Ammonia, gaseos Class 2, to 75 F 39
Class 4 at Hot

Neoprene, seals Boron hydride family Grade 3 5-6
Neoprene Chlorine trtfluoride, Clas 1, to 75 F 39

gaseous
Chlorine trlflu-rlde Clas C, incompatible; swells sad I

surface proreOSvely attacked;
used for protective teloda
only.

Satisfactory (protective clothing 3
081Y)

Ne. rene .NR" No signiflcant chauge after 19
Initial reeacton (30 mi 0 room
temperature)

Neoprene Fluorine, ganous Clas 4, all temp 2, 39
Neoprene, glass filled Fluorine, ganous Class 4, -RT 39
Neoprene Fluorine: Lquid Grade 3 5-10

Gas Grade 3 5-10
Neoprene, glass filled Fluorine: Lquid Grade 3 5-10

Gus Graft 3 5-10
Neoprene 50/50 Fuel bloed Clao D, fuel discolored red, 38% 4a

volme Uel(30 d S. 0 " 1')
""Class III Shn A dwoeumw 9 4B

unifts 3 d. 0WO 700)
Clas D, 2ore A decrease 12 43

units ( d. 0 70-00 i)
Claw D (6 F, god.) 4

... . .Clas4at F 30

Neoprene, duPont 1151 Cla 4 at 100 F39

Neoprene. Goodrich G91 Clan 4 at 1007T 3

Neoprene 50/S0 HYdrU /nVAIeUM Class 3, iocompabble I
"Hadqen fluoride family Grade 3 5-4""-Cal 3 Claw 4. stfffoed d 12oF 2,2 3
"Hydrazin"' naomp1be 23

I. Class , 7S F 2
"Rydrasm family Grade 3 S-5
nydrafle. lquld Claw 2, to IF 3O

Clans3. to75F
Chmi 4, to$11F

"Hydrocarbon fuel blhsiactor 1, 3
my* asn liquid Vsauddactoiy $S... ... Class 4 3
Hy -,.ua: iquid & cold Grade P 5-11

p"
"mot based a to t 1eat

Ambient ps Graftl 1 -11
Neoprene my*qas Perat a e Class 4 3
Neoprene pret gum aad SR 3M-B Myd*qmw peradE. 00W Class 4 at 150 F 39
Neoprene uiber aNoted amlnse No WppeU affect (7. ORd ) 3
Neoprene 311-70 MonomeYbydtagoe IlRIS4met1e o
Neoprese stra teum Iompaml 4, 2S. 38 4
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MATERIAL FUE L BEHAVIOR REF

NeweeNitrogen tetroxide Grade 3 5-7
Cis" D, 60F 4
Class D. decomlposed in 4 h,-. 4B

(at 70-60 F)
Nitrogen tetroxide Class 4at 80F 39

(4.2% moist)
Oxygen Spontaneous Ignition temp.- 42

190CC at 7500 psi; 200 C at 2000
Pei

Oxygen liquid Sensitive. impact (4/10 - 40 ft lb) 33
Very sensitive (10/10 - 50 ft Ib) 33

Neapreas nube Violent detonation (impact) is
Sensitive, impact (I '30) Is

N r n "" rci Very sensitive, impac (2 2) is
NereerubractcVery sensitive, impact I$6-/10) is

baree ss aelisive (scotch tae) Impact; 201-20 0 10 14 6A 32
Npee.carbon filled Perebloryl flwUor.e Class 4 at 330 F 2. 39

N~apNee coating RF?4A Class 4 at 75 F 39
N*eerfte latex U-DETA (MAF-41) Unsatisfactory 3. 12
Neqires itber 15 Unwiatimadcto A. 12
Neaprefe. anPou i UllNlH CIAss 3. fair 6
Neaprese. B. IF. Goodrich. G91 Class 3. fair a
Neoprene UDIMH (liquid) Class 4. 32 F 2
Newreme gaskeat. d~Post UDWH Class 4. poor 8
Nitride rubber am nylon seats Boran hydride family Grade 3 5-6
Hurtle silicone, GE NSRX56M 50 50 Fut I blend Class 4 at 6S F S9
Nitrite silicone, GE SE75O Class 4 at 130 F 39
Nitritle rubber Hydrogen, liqud Compatible for long term appli. 40

cation
.. SatisfactoryI

Nitrite silicone NtX56O2 (General UDMII Class 4. poor I

Hitroso rubbers Nitrogen tetroxicde Class D - Severe 14A
Hitroso terpokymors Icured with .. . .Compatible. unaffected after 30 d. 41

chromium trilluoroscetae) 10 160 F, in an unstressed same.
NitrWie rubber an sylon Pentaborame Incompatible 6. 22

. .Class 4 at 7r 33
Nylon. See also Plasat-.
Nykqn, seals Fwels (general) Acceptable got continuouis use 16
Nylon Aerolnie SO SatIsfactory 21
Nylm Zvtel 31 Shlht surface abesoupton (110 d. 10

O 75.5 F)
Struee rackwrg. 608d. U0*73 F and 10

24 brs at 100 F. Crazes after
6 mons.". .. Compatible for loft term alipli- 40
calla". test temp 70-30 Fr

Nviron Zyttl 31, coatiog vnstre~sed matowerialo ruin IDA
223 d.

Nylon Zytel 63 Sotn@8 asd slowly dtassv to 7S F 10
XNiom Zyttl 63. coating ""a AM ak ini' ditsaltves 14A
"NYkas Zytel 101 Stieht iiarface absorption. no to

v tsible rhavow 130 days, Is F
.Stres cramhwa SO 1-) 70 i.0f I"A

7S F. and lens 6a 4S krs Q
140 F. Crsagei after I am,

%i ylw Zytol 101. coitiog vostrtess atertal tram tb I CA
13346.

tNylon Allkyibotanes SaesdalaroryI

Nylon sel"s Dorza hydrbs* family Grt&c 3 S-6

NyOW 50 50 Pas Wetd Fveahwa *AM drop is stiui.e 1s
tew ile (9 mor

36
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MATELRUL FUEL BEHAVIOR REF

Nylohn zytet 50/50 Fuel blend CIA CsA - (50d. @70-80F) 45
Claw D - Cmrui, v. rack~d (60 d. 43

ClaessDcrumbled (7 4. fý160 F) 43Nylon Zy)1'l 3 Cias A ( I 0d. 0704..0 ) w 40

CWlauD, cnumtad (7 d. 9 140T1) 48
IClaussA, K F 110d. 4

CIseeD, 160 F, 74d. 4Myles Zptei 31, 63 fm Le4 at90 F 39Nylas Zyt*1 63 Clous D - dissolved (WOO 4, 4?Eyklot10 Cla.D (10 d. * 55-6007IA
rVIM vtel 01 120) dkalaiqrdietm"vhs14110 jclaim i. to so 39

Clans 4 at 60 F
ClaseD tooF, 1304d.) 4
Class 8 MOF, 1*0 d.) 4

ClaeeAD W d.0 5-6 74 ) 48
Clam 8- Short D decrease 6 45

ow~s (504d. a7WO0 F)
Class 0- cra.ed. cracked (551d. 45

to70-80 F)NyA- Zytot 31 Sv!1ý03ydrazint/WUD N Clas 1, gestral iervke I
Class NIP k Ijwaompsubl. aNylonZytol 63; Zyt*J 101; Zytl1*1 I. .. Clww 2, timitod serviee INylon a" Ia4M fkor~idfamily Grate3 $41

GXcai3 Satisfactory 3
Nylon, Zytoi 1O01~t Clas. 2. so Chansg at 120 F 2, 39nykam ydraulus, a'fkd. 4ýxm Limled service, Class 9 1I' .. Hydrazine hydrte* I.mited se. vlet, Clau S

Nymdrsaa.AYdrat#-' Limited seirvlc. clans a
aMtraf/vier

Nydraslne C, Avabibe for Jami to.-w 40

117dn1ia family Grade 1 S-5
Iydrasup.. liquid CO Clams 3. to TS F !
nydrqe*ea LKsIN a coM rad' I SI

NydrqMs liqud *2dafictotý
Rydvqpw *rozWd Clan 4. unacq~ptabi# 3. 6
MYdrW PM Mtld, 10S Clans 4 at 1S0 FIlylam ZyT10 37tw Diselved (7 d. # RT) 34

Clams4at ?% r JNylon itmoeu lIKqUi ftwact"d 3Nltrqges tirami Uasatlactary 21N lagseftrmi Clan 4 1" G Fa

Nylka Zv1*l N140d" totroaw* Dlalaasgraaed .34. 0 Ri) 34
ClasseD-sen 13Myf "1102 (rat3 $47

Ityklot WI ttqe. 190uiie CIO"m 0(0 d. 051S40 F) be *1* 4. 46
Tp y lo n(s f o w e sC V

(lwnok Uqw'd btauwsaib-wr ow. 4e. owuemtow 32
very~ 5swift .t0010) I
hsWW* dooetow(wg 110

Madesta.' $au. (at so)NY)=s tflge" owruwcvp*Ite, ntis* 44UiSv Ma Is
my I"MIX"bqwf(1 5 K.*'U IO tgwl 2Wyk* jach". P0111"Mi ch&luitd mu. 4iius (CA'20) Isdielectifc
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MATERLAL FUEL BEHAVIOR REF

Nylon potting molds Oxygen, liquid Very sensitive. impart (10/10) 18
Nylon inserts . . Very sensitive, impact (i0/l0) 18
Nylon Pentaborane Incompatible 8, 22

Class 4 at 75 F 39
Perchloryl fluoride, Class i at 80 F 2, 39

gaseous
Nylon 6, Plaakon Propellant 113 No etfect 15
Nylon 66, Zytel 101 ... 1 1ittle effect 13
Nylon n-Propyl nitrate Satisfactory 1, 3

"RFNA Class 4 at 75 F 39
"UDMH, liquid Class 1, 130 F 2
ULrDMH C npatiile for long term storage, 40

0
Opalon 1219, 1220, 1444, 81222 E5050 Fuel blend Class ,! at 60 F 39
Opalon 1219 Nitrogen tetroxide Class 3, to 60 F 39

(,:. 2% moist)
Opalon 1220; 1444; 81222 .. . Class 4 at 60 F 39
Opalon 75219 RFNA Fair resistance to acid; no 27

decomposed after 72 hrs. room
temperature

Orion felt Oxygen Grade 2 5-2
Orion Perchloryl fluoride, Class 4 at 390 F 2, 39

gaseous
Oxiron (for electrical protective Propellant system Satisfactory, but only when cured 18

co.ting): (general) at 180 F and above
Oxiron - PMDA,
Oxirun - NOVOLAC

P
Paraplex P-43 ,zine 50 Unsatisfactory 21

50/50 Fucl blend Class D (60 F. 30 d.) decomposed 4, 4B
50/50 Hyarazine/UDMH Class 3, incompatible 8
Ilydrazine fan 'ly Grade 3 5-5
Nitrogen tetroxide Unsatisfactory 21

1.. ... . .. Class O (60 F, 30 d.) 4
. .. .Class D - dissolved (14 d. @ 4B

55-60 F)
Paraplex P-43, seals Grade 3 5-7
Paraplex P-43 Nitrogen tetrox'de Class 4 at 60 F 39

(<. 2% moist)
Penton Aerozine Unsatisfactory 21
Penton 9215 (Hercules) 50/50 Hydrazine/LUDMH Class 3, incompatible 8
Penton Nitrogen tetroxide Class D - severe 13

S.. Unsatisfactory 21
Nitrogen tetroxide Class 4 at 75 F 39

(k. 2'1 moist)
"Oxygen, liquid *nsitive, impact (2/3) 18

Penton 9215 UDMH Class 2, good 6
Perfluoraniline Chlorine trifluoride Promising compatibility 26
Perfluorobutyl, Acrylate Perchloryl fluoride (dry) Cliss 4 390 F 2
Perfluorobutyl acrylate -

See also "Poly FPA"
Perfluorobutyl acrý'late (carbon PerchloryI fluoride, Class 4 at 390 F 39

filled)
Perfluorocarbons Nitric acid, fuming Satisfactory 3S...... Oxygen, liquid Satisfactory 3

P,' matex No. 1, No. 2 Fluorine (Liquid) Grade 3* 5-10
Fluorine (Gaseous) Grade 3 5-10
*Not based on test result
Fluorine gas Class 4, all temps 2

Permatex No. 3 . . Class 3, < RT 2

40



0 MATERIAL FUEL BEHAVIOR REFP
Permaten No. 3 Fluorine (Liquid) Grade 3' 5-10

Fluorine (Gaseous) Grade 2 5-10
*Not based on test results

Permatex No. 2, Thread Composition Halogen fluoride family Grade 1 5-8
Permatex 50/50 Hydrazine/UDIlM Class 3, incompatible 8
Phenol compounds -

See also "Heresite"
Phenol formaldehyde -

See also "Insuroc"
Phenol formaldehyde (U. S. Aerozlne 50 Faded, Wt change - +9.40% (7 d. 36

Polymeric) @ 70 F)
*. . .. . .. . (1) Appearance good (2 d. @ 70 F) 36

(2) Completely degraded (2 d. @
70 F)

Phenol formaldehyde resin system ".".Completely dissolved (7 d. @ 60 F) 36A
Phenol formaldehyde . Completely dissolves (7 d. @ 60 F) 36C
Phenol/glass filament Wt change, +2. 82 (7 d. @ 60 F) 36C

. Barcol, -29(7 d. @ 60 F) 36C
Shear, 92.3% ret (7 d. @ 60 F) 36C
Wt change, +6.80 (7 d. @ 100 F) 36C
Barcol, -13 (7 d. @ 100 F) 36C
Shear, 91.5% ret (7 d. @ 100 F) 36C

Phenol formaldehyde Ammonia, gaseous Clamss 4 at 75 F 39
Fluorine, gaseous Class 4 at 75 F 39
Hydrogen peroxide, 90% Class 4 at 150 F, unacceptable 8, 39

Phenol formaldehyde (U. S. Nitrogen letroxide Slightly faded
Polymeric) Wt charge - +1. 39 (7 d. @ 70 F) 36

(1) Good (Z d. @ 70 F) 36
(2) Soft, mushy (2 d. @ 70 F)

Phenol formaldehyde (Cincinnati Too porous (2 d. @ 70 F) 36
test lab)

Phenol formaldehyde resin system Good, slight crazing (30 d. @ 60 •6A
F)

"Poor, severe erosion (30 d. @ 36A
100 F)

Phenol formaldehyde/glass composite Poor, complete delamination (1 36B
mo @ 60 F)

Complete deterioration (I mo. @ 36B
100 F)

Phenol formaldehyde Nitrogen tetroxide Flexure, 57.2% ret (7 d. @ 60 F) 36C
Flexure, 63.3% ret (30 d. @ 60 F) 36C
Flexure, 47.8% ret (90 d. @ 60 F) 36C

I .. Flexure, 44.2% ret (7 d. @ 100 F) 3SC
Flexure, 42.88% ret (30 d. @ 100 36C

F)
Flexure, 24.55% ret (90 d. @ 100 36C

F)
Hardness, +8 change (7 d. @ 60 F) 36C
Hardness. +9 change (30 d. @ 36C

60 F)
Hardness, +5 chang- (90 d. @ 60 36C

F)
Hardness, *13 change (7 d. 3 5OC

100 F)
Hardneis, +15 change (30 e, @ 36C

100 F)
(Severe erosion) (90 d. @ 100 F) 36C

Phenol/glass filament Delamination (7 d. @ 60 F) 36C
Phenol formaldehyde RFNA Class 4 at 75 F 39
Phenol furfurals Class 4 at 75 F 30
Phenolic - See also "Haveg 41"

"Bakelite" "Trevarno"
Phenolic, paper-base -

See also "Spauldite"
Phenolic nitrile -

See also "Metlbond 402"
Phenolic-epoxy-silicone PT201G, Aerozine 50 No visible change after irnmer- 10, 10A

coating slon at 75+5 F for 25 hourb
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MATERIAL FUEL BEHAVIOR REFP
Phenolic 37-9X; adhesive and coating Aerozine 50 No visible change after immer- 10

sion for 25 hrs @ 75+5 F
Phenolic SC1006, insulation .. .Some attack, 24 hrs Q*75 +5 F 10, 10A

I Phenolic F-120-55, insulation .... Some bleeding; no visible 'hange 10, I0A
after 4 hrs @ 75+5 F

Phenolic laminate Unsatisfactory - 21
Phenolics Ammonia, gaseous Class 2, to Hot 2, 39

Ammonia, liquid Class 2, to Hot
Phenolics Ammonia, 3nhydrous, Class 2, limited service 8

dry or moist, ambient
temp.

Ammonia, anhydrous: Grade 1 5-12
Liquid
Gas (< 250 F) Grade 1 5-12

Phenolic-filled graphite Chlorine trifluoride, Class 4 at 75 F 39
liquid

Phenolic, filled Fluorine, liquid Grade 3 5-10
Fluorine, gaseous Grade 3 5-10
Fluorine, gaseous Class 4, all temps 2, 39

Phenolic cement .. .. Class 4, all temps 2, 39
Phenolic-asbestos 50-50 Fuel blend Class D (@ 55-60 F) 4B

............ Class 4 at 60 F 39
Phenolic-glass laminate Class 4 at 60 F 39

Class C, fuel and sample 4B
discolored (30 d. @ 55-60 F)

50/50 Fuel blend Class D, fuel discolored, resin 4B
dissolving (90 d. @ 55-60 F)

Phenoic aminate .. Class D (30 d. @ 55-60 F) fuel 40
red, resin removed

Phenolic-glass-laminate (Composition Class C (60 F, 180 d. 4

unknown)
Phenolic glass laminate 50/50 Hydrazine/UDMH Class 3, incompatible 8
Phenolic Hydrazine, anhydrous Limited service, Class B 8

Hydrazine hydrate Limited service, Class B 8
"Hydrazine/hydrazine Limited service, Class B 8

nitrate/water
"Hydrazine family Grade 2 5-5
"Hydrazine, liquid Class 3, to 75 F 39
"Nitrogen tetroxide Grade 3 5-7

Phenolic SC 1008, insulailon . . . Discolored in 4 hrs immersion 10
"50 F continuous service, discolors 10A

in 4 hr immersion.

Phenoiic, Trevarno F-120 Slightly bleeding during 24 hr 10, 10A
immersion.

Phenolic F-120-55, insulation 1% weight loss, 4 hr immersion. 10, 10A
No significant change, 500 F ratin

Phenoic-epoxy-siicone, PT-201G ""Extreme bleeding during splash, 10, 10A
no further visible change
during 24 hour immersion

Phenolic laminate . .Unsatisfactory 21
Phenolic laminate Nitrogen tetroxide Class 2, to 60 F 39

(<, 2% moist) Class 4 at 75 F
Phenolic-glass laminate (composition Nitrogen tetroxide Class C (60 F, 30 d. 4

unknown)
Class B, sample was bleached 4B

(30 d. @ 55-60 F)
Phenolic Oxygen, liquid Impact sensitive 32

e ...... Moderate detonation, impact 18

Phenolic asbestos Very slightly sensitive, impact 18
(2/40)

Phenolic epoxy . Impact; 1/I @ 10 KgM 32
Phenolic fiber . . Sensitive, impact (5/10) 18
Phenolic laminate, glass base Impact; 16/20, 2/22 @ 10 KgM 32
Phenolic- Fberglas laminate Moderate detonation, impact 18
Phenolic-impregnated Fiberglas Impact; 2'2 @ 10 KgM 32
Phenolic laminated paper based sheets . Sensitive, impact (6/10) 18
Phenolic laminated nylon cloth base . Sensitive, impact (6/10) 18

sheets
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Phenolic, molded Oxygen, liquid Very sensitive, impact (10/10) 18
S.......... Incompatible 8

Phenolic resins Perchloryl fluoride, Class 2, to 390 F 2, 39
gaseous

Phenolic resin, modified It ' .. . Class 4 at 390 F 2, 39
Phenolic, Bakelite Propellant 113 Little effect 13
Phenolic resin, asbestos reinforced: UDMH Class 4, poor 8

Haveg 30, Haveg 41, Haveg 50
Phenoline 315 RFNA Class 2,to 75 F 39
Phenolic resins WFNA, liquid Class 4, unacceptable at all 2, 8, 39

temps.
Phenoline 315 plus . of Class 1, to 75 F* 39

*Intermittent contact spillage
Phenoline 315 plus WFNA Class 3, only fair corrosion 2, 8

resistance, 75 F limit
Plaskon Alkyd 400 (Glass and Oxygen, liquid Impact sensitive; unacceptable 32

polyester)
Plastic lead seal, insoluble Hydrazine family Grade 2 5-5
Plastic metal No. 22 Hydrogen peroxide, 90% Class 3 at room temperature 39
Plast-O-Seal Fluorine (Liquid) Grade 3* 5-10

Fluorine (Gaseous) Grade 2
*Not based on test resul
Fluorine, gaseous Class 3, < RT 2, 39

Plexiglas 11, 55, CR-37 AerozLie 50 Unsatisfactory 21
Plexiglas Boron hydride family Grade 3 5-6

"Fluorme, liquid Grade 3 5-10
Fluorine, gaseous

SI.. .. Class 4, > RT 39
"50/'5C Fuel blend Class D (60 F, 90 d.) 4

Plexiglas CR 39, I . .Class D - completely dissolved 4B
(9 d. @ 55-60 F)

Class D - disintegrating (I d. @
70-80 F)

Plexiglas CR 39 . . . Class 4 at 60 F 39
Plexiglas 1I .. ... Class 4 at 80 F 39
Plexiglas 11, 55 50/50 Hydrazine/UDMH Class 2, limited service 8
Plexiglas HiCal 3 Class 4, became soft and sticky 2, 39

at 120 F
Hydrogen peroxide Class 4, unacceptable

(concentrated)
Plexiglas 11, 55, CR-39 Nitrogen tetroxide Unsatisfactory 21
Plexiglas . . . Grade 3 5-7

" Class D (60 F, 30 d.) 4
Nitrogen tetroxide, Class D, (30 d. @ 55-60 F) 40

liquid dissolved
Plexiglas 11, CR-39; 55 Nitrogen tetroxide Class 4 at 75 F 39

(<. 2% moist)
Plexiglas Oxygen, liquid Impact; 2/2 @ 10 KgM 32

"Perchloryl fluoride, Class 1, to 75 F 39
gaseous Class 4 at 390 F 2, 39

Pliogard, coating RFNA Class 4 at 75 F 39
Polyacetal Liquid oxygen Insensitive, impact (70 ft lb, 37

6/20)
Polyacrylic ester resins RFNA Class 4 at 75 F 39
Polyacrylonitrile Perchloryl fluoride, Class 4 at 80 F 39

gaseous
Polyamide - See also "Nylon"; "Zytel"
Polyamide film - See also "Capran"
Polyamides Hydrocarbon fuel Satisfactory 1, 3
Polyamide-Nvlon, Zytel 101 Nitrogen tetroxide Class D - dissolving in minutes 45

(55-60 F)
Polyamide-Nylun, Capran 391 Class D - dissolved on contact 45

(63-67 F)
Polyamide Oxygen, liquid Impact; 2/3, 8/20, 13/20, 10/20, 32

3/20, 8/20, 2/2 @10 KgU
Polybutadiene - See also "Acushnet"
Polybutadiene, hydrogenated -

See also "Hydropol"
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MATERIAL FUEL BEHAVIOR REFP
Polybutadiene rubber, Acushnet 50/50 Fuel blend Class C (160 F, 30 d.) 4, 4B

BWK 422
" "9 it "1 t O Class A - precipitate extracted, 4B

fuel discolored, tensile loss
28.3% (17 d. @ 160 F)

Polybutadiene rubber, Acushnet . Class C (160 F, 30 d.) 4, 4B
SWK 849

Class B - slight turbidity (17 d. 4B
@ 160 F)

"Class C - precipitate xtracted, 4B
fuel discolored, tensile loss41,9%

Polybutadlene rubber, Acushnet 42 Class C (160 F, 30 d.) 4, 4B
SWK 850

Class C - precipitate extracted, 4B
(10 d. @ 160 F)S.. ... Class C - precipitate extracted, 4B

fuel discolored tensile loss
23.6%

Polybutadiene rubbers, Acushnet Class C (160 F, 30 d.) 4, 4B
SWX 851

S.. . .. ... ... ... Class B - slight precipitate 4B
extracted, no strength (160 F)

Polylbdadiene, Stillman EX 904-90, Class D - 29h swell, tensile loss 4, 4B
(Hydropol) 77. 29t brittle (30 d. @ 160)

Class C - heavy precipitate 4B
extracted (( d. @ 160 F)

Polybutadene rubbers, BW 422 .. (Class C (30 d. @ 160 F) precipi- 40
Sate extracted

Polytadiene rubber, Stillman .. (Class D (30 d. @ 160 F) 29% 40
EX 904-90 (Hydropol) volume swell; tensile loss77.2% brittle

Polybutadiene rubber (Cis-4) .. .Compatible (dynamic testing, 19
10, 000 cycles)

Polybutadiene Hydrazine Shore A, loss - 0 to 4; 2%o shrink 34

to 6( swell (7 d. @ RT)
Shore A, loss - 2; 4% swell 34

(21 d. @ RT)
Shore A, gain - 13; 3% swell 34

(42 d. @ RT)
Shore A, gain - 8; 3% swell 34

(3 mo. @ RT)S. ... Shore A, gain - 3; 5%o swell 34

(5 9o. @ RT)
.Shore A, losl - 5; 1% swell (7 d. 34

@ 160 F)
So.btd.nShore A, loss - 6; 1% H awl (21 d.R 34@ 160 F)

Shore A, gain - 13; 1% swell 34
(3 soo( @ 160 F)

Hydrazine, liquid Class 2, to 75 F 39
Class 4 at 160 F

Hydrazine family Grade 3 5-5
Polybutadiene (Cis-4) Hydrazine 4 A swell (21 d. @ RT) 33

.. 5% swell (5 mo. 0 RT) 33S.. ... ... 1% swell (3 moo. @ 160 F) 33
" .. . .... Compatible 19

Polybutadlene (Cie-I. 4) Hydraztne-type fuel Compatible (performs satisfactory 25
- • . ... .. ..... . .. as sealant)

Compatible 26
|Polybutadiene JP-X Shore A. lose - 12 and 13; 83%q 34

anid 97kt swell (7 d. @ RT)

Polybutadiene, formulas 24-27 Nitrogen tetroxide Class D (80 F, 7 d.) 4
Polybutadiene .. .. I. Class D - severe 14A

Oxygen, liquid Insensitive, Impact (70 ft lb, 37
0/20)

Insensitive, impact (70 ft lb. 37
40/20)
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Polybutadiene Propyl nitrate Shore A, loss - 3; (7 d. 0 RT) 34

57% swell
Shore A, loss - 4; (7 d. 0160 r) 34

107% swell
UDMH Shore A lo - 2 to 9; 7% to 29% 34

swell ?7 d. 0 RT)
"Shore A, loss - 6 And 23; 8% and 34

15% swell (14 d. 0 RT)
Shore A, lose - 16; 10% swell 34

(21 d. 0 RT)
Shore A, loso - 2; 4% swell (3 mo. 34

0 RT)
ShoreA loss - 0 to 2; 5%•shrink 34

and 7q swell (6 mno. @ RT)
Shore A, loss - 6 and 7; 16* and 34

25% swell (7 d. @ 160 FJ
Shore A, lose - 0 to 3; A shrink 34

to 33% swell (60 min 0 350 F)
Shore A, loss - 2 to 23; 12% to 34

39% swell (60 min @ 400 F)
Polybutadiene (Cis-4) " 9% swell (7 d. @ RT) 33

4% s wel (3 mo. @ RT) 33
5% shrink (6 mo. O RT) 33
13% swell (7 d. @ 160 F) 33
12%. swell (60 min @ 400 F) 33

Polycarbonate - See also "Lexan"
Polycarbonate, Lexan Hydrazine family Grade 3 5-5S.. .. .. .. Nitrogen tetroxide Cls" D - dissolved in 1 hr 4B

(70-80 F)
Polycarbonate .. .. . Decomposed, brief exposure 7
Polycarbonate resin Oxygen, liquid Impact; 20/20 32
"Polychloroprene Nitrogen tetrostde Insensitive, impact (70 ft lb, 37

0o,/0)
Oxygen, gaseous Insensitive, impact (70 ft lb, 37

0/20)
Oxygen, liquid Insensitive, impact (70 It lb, 37

Polychlorotrifluoroethylene 
(CTFE) -

See also "Kel-F", "Halon (VK and
TVS)", "Genetron"

polychlorotrifluoroethylene Perchloryl fluoride, Class 2, to 390 F 39
gaseous

Poly (cyanoethyl) silacane Oxygen, liquid Slightly sensitive, impact (70 ft 37
lb; 1/20; 1/10)

Polydichlorostyrene Hydrazine family Grade & 5-5
Polydimethylsilozae Nitrogen tetroadde Insensitive, impact (70 ft lb. 37

1/20)
Polydlmethylsiloxane Oxygen, gaseous Insensitive, Impact (70 ft lb, 37

0/20)
Oxygen, liquid Insensitive, impact (70 ft lb, 37

1/30)
9.. .. .. .... .Incompatible

Polyepoxide Aerosins 50 Flexure, 175.0% ret (7 d @60 ) 3C6
.Feinue, 84. 2% re (30 d. 60) 36C
. .le.Ire, 121.0% rot (00 d. 3 6C
60 F)

FlMure, 120.0% ret (7 d. O 100 36C
F)

f.e..re, 74.4% ret (30 d. @100 36C
F)

P.... lsn , .% rat (90 d. 100 36C
t)

Hardoaesok clhow Ve( .0 so F) 30C
H. lardesz , 0OchP (30d. O0W ) 36CS....... mr@w. -3 cbtfse (90 d. O 0036

swam"., ckaag ( @ d. O 100 1,) SOC
K.ua, s, -13 chomp (30d. 36C(1) , 10o n
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MATERIAL FUE L BEHAVIOR REF

P.__ _ __ _ ___ _ _ _ _ _ _ _ _

Polyspoxide Aerozine 50 Hardness, -22 change (90 d. @ 36CS~100 F)
Polyepoxd e/e"y. . Flexure, 96.0% ret (7 d. @ 60 F) 36C

e.... Flexure, 47. 0% ret (30 d. @ 60 F) 36C

I . . Flexure, 66.3% ret (90 d. @ 60 36C
F)

It to. Flexure, 80.4% ret (7 d. @ 100 F) 36C
" * of to Flexure, 24. 1% ret (30 d. @ 100 36C

F)
Flexure, 35.4% ret (90 d. @ 100 36C

F)
" ....* ""Hardness, +7 change (7 d. @ 60 F) 36C

o .Hardness, .6 change (30 d. @ 60 36C
F)

Hardness, +4 change (90 d. @ 60 36C
F)

Hardness, +2 change (7 d. @ 100 36C

F)
T I .IT Hardness, -10 change (30 d. @ 36C

100 F)
I . .. IT Hardness, -19 change (90 d. @ 36C

100 F)
Polyepoxide/glas filament . Shear, 62.4% ret (7 d. @ 60 F) 36C

S...... ........ Shear, 43.7% ret (30 d. @ 60 F) 36C
Shear, 46.8% ret (90 d. @ 60 F) 36C
Shear, 39.7% ret (7 d. @ 100 F) 36C

9. 9. . .. ." Shear, 33.7% ret (30 d. @ 100 F) 36C
Shear, 28.2% ret (90 d. @ 100 F) 36C

To To. Flexure, 73.7% ret (7 d. @ 60 F) 36C
Flexure, 69.6% ret (30 d. @ 60 F) 36C
Flexure, 59.5% ret (90 d. @ 60 F) 36C
Flexure, 42.5% ret (7 d. @ 100 F) 36C

S..............Flexure, 56. 3% ret (30 d. @ 100 36C
F)

Flexure, 55. 0% ret (90 d. @ 100 36C
F)

Polyepoxide/glass composite Fair; slight swelling and delami- 36B
nation (1 mo @ 60 F)

Good to fair, no delamination to 36B
conaider2.ble delamination (1 mo
S100 F)

Polyepoxde resin system IT 1. Good slight erosion (30 d. 0 60 F) 36A
Fair. severe trosion (30 d. @ 36A

100 F)
Polyepoxide; Biaphenol A (Koppers) Appearance good (2 d. 0 70 F) 36

99to. ... Appearance good 36
Wt change -- 0.36% (7 d. @70 F)

Polyepoxide/Bisphenol A resin system Fair; slight erosion (30 d. 1 100 36A
F)

I. Nitrogen tetroxide Fair. slight erosion (30 d. 0 100 36A
F)

Polyepwde resin system Good. nu crazing (30 d. @ 60 F) 36A
Fair. slight corrosion (30 d. 0 36A

100 F)

Potyepzlide/glass composite Poor, considerable to complete 36B
delamination (I mo. 60 F)

Complete deterioration (I mo &t 368
100 F)

'oPoftep=i; Baphenol A (Koppers) Appearance good
Wt change - .0. 81% (7 d. 0 70 F) 38
Slight msrface attack (0 d. 0 70 F) 36

PotypI*~ e Flexure. 118.51, ret (7 d. 0 so F) 36C
Flexure. 58.8% ret (30 d. 0 W F) 36C
Flexare. U. 0% ret (90 d. 0 60 F) 36C
Flegure. 70.61q ret (7 d. 0 100 F) 36C
Flexure. S. 0ret (30 d. 0 100 36C

F)
F lmre. 69. S% reo (90 d. 0100 36C

F)

46

MEL



0MATERIAL FUE L BEHAVIOR REF

Polypole Nitrogen tetrwcide Hardness, +6 change (7 d. @60 F) 36C
I .. . . Hardness, +5 change (30 d. @ 60 36C

F).. ..Hardness, +6 chang (90 d. 0 60 36C

'.. .. Hardness, +3 charge (7 d. 0 100 3SC
F)

" Hardness, .8 change (30 d. 0 3eC
100 F)

Hardness, +11 change (90 d. @ 36C
100 F)

Polyspoxide/epozy ..... Flexure, 76.7% ret (7 d. @ 60 F) 36C
S.. . .. .Flexure, 26.0% ret (30 d. @ 60 F) S3C

Flexure, 4O.7% ret (90 d. 0 60 F) 3OC
Flexure, 24.5% ret (7 d. @ 100 F) 3OC

*... ... . Flexure, 25.5% ret (30 d. @ 100 SOC
F)

Flexure, 32. 7% ret (90 d. @ 100 36C
F)

Hardness, +8 change (7 d. @ 60 F) 3SC
Hardness, 4 6bange (30 d. @ 60 36C

F)
Hardness, +4 chme (90 d. @O So 36C

F)
*. .. .Hardness, +2 charge (7 d. @ 100 36C

F)
Hardness, +8 change (30 d. @ 36C

100 F)
Hardness, +9 change (90 d. @ 3SC

100 F)
Polyepoxide/glass filament Sho w aea, 22.23% ret (7 d. 0 60 F) 3OC

:: :: .. .. . .. ... .. . DWe im n at io C30 d. 0 60 F) 36C
Plet fi Flexure, 25.9% ret (7 d. 0 60 F) 36C

4 -Polyester film -

See also "Mylar", "Scotch tape", etc
Polyester RFP - See also "Laminac"
Polyester (American Cyanamid) Aeroalne 50 Completely degraded (2 d. 0 70 F) 3S
Polyester laminate . Unsatfactory 21
Polyester Ammonia, gaseous Class 4 at 75 F 39

"Fluorine Gas Class 4, all temps 2, 39
Fluorine, lkpu Grade 3 5-10
Fluorine, gaeous Grade 3 5-10

Polyester, Mylar 50/50 Fuel bWd Class D - dissolved (10 d. 0 4B
5540 F)

.... .. Clan D - dmcved (1 d.@ 43
70-O0 F)

Polyester-glass laminate Class D 80 F, 30 d.) delamlaated 4. 4B
(composition unbown)

Polyester-glass laminate Class 4 at 60 F 39
Polyester glass 50/50 Hydraslne/UDDH Class 3, incompatible 9
Polyester Hydrulne, anhydrous Incompatlble, Class C 8

" Hydrazine hydrate Incompale, Class C
Hydrazinm/hydrasne Incompetible, Cies C S

attrs,•tewter

Polyester, Mylar Hydratin family Grade 3 5-5
Polysetet Hydraime, Uquid Class 4 at 75 F S9
Polyev.er (American Cyanamid) Nitrogen tobtrude Completely degraded ( d. @70 S) O6
Polyester .. . . Grade 3 -r
Polyester, Mylar Class D - dlsoh'ed (I d.0 4

55-0 F)
Poyester-glass laminate Clas D, delambated (W0 4. 4, 43

$5-00 F)
Polyester laminte Usasndatory I1
Potysoerlamlinte t .tr to) ade Clam 4 at 00 F 3

Polyester-glass Ogm,. bqrd Soeslue, teact (4/10) 10I . . ....... Ivow; t/S 4 10 UNM 3t

Poly•eter-flber glass lamntae Moderte dstlam I$
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Polyester film Oxygen, liq-ila Impact; 2/22, 2/7, 8/10, 1/2, 2/2 32
2/2, 2/3, 2/20, 2/11, 2/20,
2/20, 2/20, 2/4. 4/20, 2/20,

$o 4/20
Polyester film, aluminized Impact; 4/20, 5/20, 2/25, 2/22, 321/1, 1/1, 1/1, 1/1,2/2, 2/2,

2/8 @ 10 KgM
Polyester, chlorinated, adhesive Impact; 7/10. 9/10 @ 10 KgM 32
Polyester resins RFNA Class 4 at 75 F 39
Polyester fiber, DuVerre 22 (Greer UDMH Class 4, poor 8

Industries)
Polyester binder, Fiberglas UDMH (Liquid) Clas, 4, 75 F 2
Polyethylene -

See also "Marlex 50", "AlAthon".
"Hi-Fax" "Dylan" "Plax"

Polyethylene and butene -
See also "Marlex 5003"

Polyethylene, irradiated -

See also "Irrathene"
Polyethylene Aeroine 50 Good resistance (30 d. .4 100 F) 36A

Tensile, 126.0A ret (7 d @ 100 36C
F)

Tensile, 117.0% ret (30 d. @ 100 36C
F)

Elongation, 132. e ret (7 d. @ 36C
100 F)

Elongation, 124.0 ret (30 d. @ 36C
100 F)

,.. .. Hardness, 0 ciwnge (7 d. - 100 36C
F)

Hardness, -15 change (30 d. @ 36C
100 F)

Unsatisfactory 41

Polyethylene, irradiated '. .. Unsatisfactor'" 21
Polyethylene Marlex 50 Aerozine 50 (Dynamic Some absorption, subject to 10A

or static extended rapid stress crack
service)

Polyethylene Marlex 50, as coating Aerozine 50 Slight absorption; no other charge 10A
in 22 hrs.

Polyethylene. low-density " Compatible for long term appli- 40
cations (test temp 55-60 F)

Polyethylene-backed tape .... No visible change 4 hrs @ 75. 5 10. IOA
F. Adhesive failure, 24 hri 0
"75.5 F

Polyethylene Alcohols (methyl, ethyl. Acceptable for use 3
isopropyl, furfuryl)

Polyethylene Ammonia, anhydrous. Class 2, limited service 8
moist, ambient temp

Ammonia, anhydrous, Clus 2. limited service a
dry, ambient temp

"Ammonia, gaseous Class 2, to Nto 39
"Ammonia, liquid Class 2. to Hot 39
Ammonia dry Class 2, hot 2
Ammonia moist Class 2. hot 2
Anmonia, anhydrous: Grade 1 5-12

Liquid
a(s It50 F) Grade 1 5-12

Polyethylene. seals Boron hydride family Grade 1 5-6
Polyethylene Chlorine trif luorlde Incompatible 24

Cass C, incompatible. reacts S
violently

Polyethylene film. conventional . .Igted on contact 19
Polyethylene. linear Chlorine trtiluharde Discoloration; no apparent 19
Polyethylene hhir4 F.oraanine family Grade i. or Grate 3 5-9
Polyethylene Fluorine (Liquid) Grade 3 5-10

. .Fortne (Gaisus) Grade 3 5-t
Fluorine. gaseous Clas 4. all tenqeo , 39

Polyeftyiene. low density SO 50 F•ue blend C~la A (SO F. 30 d.) 4
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P
Polyethylene, low density 50/50 Fuel blend ClAs A - (3M0 d. 0 55-60 F) 43

Clash 1, to 0 F 39
Polyethylene, high-density .. .. . Class 2, to 60 F 39

Clas 4 at 160 F
it ........ ... .. .. Class C (160 F, SO d.) 4

" .. . . it.. . . ClseD - Shrinbk 10. 8 (0 d. 0 43160 F)
Polyethylene, Marlex 50 ". . " Class 1, to 60 F 39

Polyethylene, Marlei 50, hi-density It . Clas A - (270 d. 55-60 F) 45

Class B - hrinks < 1% (360 d. 0 45
5840 F)

Polyethylene, irradiated 
55C s A - (F) d. 0 5540 F) 45

Claws D - Shriks 10 (270 d.O 4D
55-60 F)

Clas: Z Shrnks % (18 d.0 4
55-60 F)

Polyethylene 708 ClasI 2, to 80 F 39
Polyethylene Halogen fluoride family Grade 3 5-$
Polyethylene tubing HiCal 3 Class 3, turns yellow at 120 F 2, 39
Polyethylene Hydrocarbon fuel Satisfactory 1, 3

". .. Hydrogen peroxide ClAs 2, Umited service lkW> 8, 39
(concentrated, 90%) service <100 F)

Polyethylene foam I .... Essentially no change 14
Polyethylene Hydrazine Clas 1, 80 F 2, 39

..... Class 4, 160 F 2, 39
Compatible for long term appli- 40

cation, <8so
Hydraszine family Grade I (liquid use only, 5-5

Polyethylene, high density Hydrazine Acceptable 3A
9 .... . . ... Satisfactory 1, 3

Polyethylene high density (and Teflon) ' Satisfactory 3
Polyethylene Hydrazine, abnydrous General service, Class A ISHydrazine, bydrate General service, Class A I

Hydrazne/hyraztne General service, Clas A I
nitrate/water

Hydra'!Wd B Unaffected, 150 d. at room 31
temperature (Compadt for
limited service)

IRMNJA Tensile increase, 500 psi (7 d. 0 34
RT)

Tendle increase, 500 psi (14 d. 34
RT)

Polyethylene, Alathon 2-P-1000 JP-4 Fuel Good resistance at s0 F 27
Polyethylene, Alathon 10 "Good relstance at 80 F 27
Polyethylene, Hi-density &"ioper property retentlo 27
Polyethylene, Marlea 50 pla tper " After 72 bra at 140 F 27

Dylan
Polyethylene, (5 mil) clear, on Mixed ami.as Stalned brown (7 J. 0 RT) 38

.,Nygen°

Polyethylene, (5 mill) clear, on nylon . No qoamet effect (7 d. RIM) 34
Polyethylene. (12 mU) black. on " *No t( Wmr affect (7 d. O RT) 36

Polyethylene. (13 Mil)a, on nybon .. .. No war" affect (7 . 0 IM) 36
Polyethylene (4.5 "ol). clear, on No pare*M atefect (7 E. 0 WR) 38

Polyethylene Monomethyiydraswe Good I
Polyethylene, high deusity Preferred (uinpecfled peT. 3A

formmue)
Polyethylene Ntt hc ac. funagl 8Swflatory 1, 3
Polyethylene Nitroen t1 l degraded (71d. 0100F) 3AUnuafactory 21

999999 m*e sorvire 3
..saftsty for liited uwe 1, 3
.. .W 11 cnta0cit, am8 best 8
crtGr 3 S-7

.9ls 9011 Tete soa,5PsiM L 0 I 34
- . . - owed" (17 .0 Ri') 34

0. 4d. e F) 36C

9---. -~Moot-



MATERIAL FUEL BEHAVIOR REFP
Polyetiylene Nitrogen tetroxide Class C. Slight IA
Polyethylene Nitrogen tetroxide, Class C (30 d. 0 55-60 F) sample 40

liquid turned brown
"Nitrogen tetroxide Clas 3$, 0 r (• (water, . 0. ITt•

S" "Nitrogen tetroxide Class 4 at 75 F 3fj
: ( <. •moist)

.. .Nitrogen ittroxlde Cis" 3 at 80 F 39
(0.2-1.0q% moit)f

Polyethylese, crasalinksd Nitrogen tetroxide Promising as(liquid)
Polyethylene, branched Nitrogen tetrode Insensitive, impact (70 P lb. 0/10) 37
Polyethyleas irradiated U.nsatisfactory 21

... .. i C (60 F, 30 d. 4
ClS" C - No visible charge, "'C' 48

rating because of 48% loss in
strength 90 d. 0 55-60 F)

Casu D - Fell %al (270 d. 0 48
55-60 F)

Nitrogen tetroxide Cias 3. to 60 F 39
(<.2% moist) Class 4. at 60 F 39

Polyethylene. high density Nitrogen tetroxide Class C (60 F. 30 d.) 4
Polyethylene, high density Nitrogen tetroxide -26% swell I d.. no apparent 19

(liquid) change
Polyethylene, low density Nitrogen tetroxide Class C (60 F. 30 d. ) 4

.. .Class B - Shore D decrease 9 4B
units (30 d. 0 55-60 F)

Clas D - Fell apart (90 d. 0 4B
55-60 F)

Nitrogen tetroxwde, -191 swetl. I d.. 19% swell 7 d. 19
(l~utd) No chang in appearance

-117 swell in I d.. 1t swell in 19
4 d.. no apparent change

Polyethylene, law density; high Nitrogen tetroxide Class 2. to 60 F 39
(t. 2% moist) Class 4 at 60 F

Polyethylene, law density, Nitrogea tetroxade -37f swell 7 d. ; no apparent 19
Visaame 1000 change

Polethyelene, linear Insensitve. impact (70 it lb. 37
0 20)

Polyethylene coatings on Vitoe B. Limited protection (1 d.) a6
0-Rings

Polyethykee coating o( rubber O-ring Nit,'ogn tetroxide Protrets for 24 hrs. 25
(liquid)

Polyethylene. Marlex SO Nitrogen tetroaide Oxidized brittle in 4 da's shart 10. IOA
term. I hr) onlv (Bri•f exposure

Clans B- Sore D de, -ase 4 48
units, sample slight'y yellow
(30 d. P 55-60 F)

C!as D - Brittle aaW broke 45
duringhandling (9 d. i 55-60

Class B .. ShBre D derease 6 44
units t4 d. a 70-$0 FIl

Polythylene, Vwtatex Nitrogen tetroxide. 26? sweli. I d.. 40 swell. 4 d. 19
(liquid)

Polyethylee. Formua ;& NItroagn tetrixide Ciass C tWO F. 30 d.) 4
Polyethylen aa•d $mltsee. CLass At40 F. 30 d. 4

formula 53
Poyethylene carbon blck. Class D 1 F. 30 d, 4

formula Go
Wi~la~clo*o in gasenus ov; vice 4

"Nitrogen trUluoridv. Saiuar:orn In't lie•,. fittings. I
thavaow stmwage Tvesels

"Oxygea' .44odd Sa'qitive. iamact Isl.. .. t sest"Itfe. u•accrpatble 32
. .Im 1. 4 ; IO UM 3

.dderate detomAtium, rlnet Is

Poftehyieme, branched Oxygen. fabolas tzseneitt~te. Imnport 470 ft b. 37
0 20!

hSO



MATERIAL FUE L BEHAVIOR RIIIFP
Polyethylene, branched Oxygen, liquid Isensltlve, impact (70 ft lb, 37

0/20)Polyethylene, dyed Impact; 4/110 10 KgM 32
Potetylene film Posltive detosmtna. Impact 1i
Polyethylene. irradiated Insenusttve, Impact ti/50) 1i

Suitable IPolyethylene, linear . .westlve, Impact (70 ft lb 0/20) 37
Polyethylee.. low desity Incompstible I
Polyethylene pottil molds Very Wl. semnitive, Impact (1/40) 16
Polyethylene. Pla. Seusitlve. 'mpect (2/2) 1i
Polyethylene sheet Uns"Wittve, impact (0/10) 16
Polyethylene tuq. Impact; 2/11 @10 KlM 32
Polyethyle e Pentaboraue Compatible for ilo term appll- 40

cationsPerchloryl fluoride. Clas 1. to 75 F 39
6000" Class 4 at 80F 2. 39

Pr'lpUut 113 Slight ga"i s Weight 13
a-Pro"] nitrate Satisactory 1. 3
RFNA Clao 4 at T5 F 33

Polyethylene. Alathon 2-P-1000 Resistant at 60 F for 148 bra. 27
Polyethylene. Alahawn 10 Resistant at 80 F for I" hra. 27
Polyethyle-E. Marlex 502•_ Super Resistant I hr at 160 F 27

Dylan
Polyethylene Vistaex roattt ForUsat 9aeMtrate embrittled ad prtUaly 38

separated from coating (7 d. 0
RiT)

Polyethylene U-DETA Absorbs fuel 12
UDMH Satisfactory 1. 3

Compatble for long term storae, 40

Amomn best, bat unepecified 3A
performance

Clas 2. goodUDMH (Liquid) Chlm 1,8 o F 2
Clai 4. 1IoF 2

WFA,AIqud Cas 4 at 75 F 36
Poflyormaideta'd. DeIrWn Rydratlne family Grade 3 9_5

NItrqen tetrowde C•lan D. reaction i& I K' tM5-40 43
F)

Polv FBA (Poly-1, 1-dhwdro JP-4 F2el Eacvpt1m*a resitane at roam 27
perf hxor•oyl acrrlate) tetperatsre inmersio

Poly FSA RFNA Not serliasly affected in Seo hr. 27
Immersion a 80

Withstood S00 hr@ at ro1m 27

mwdl llquWd) Clan 4. so F
Pnbormald yde - See also Detra"
POethleavoy loe"~ (ps FEP) -

3e also "Tef k" 100Ir"
P-lyourlyl akiao" Fbwi (liquid) Grade) S-t0

FMarine 16&awv)i Grid. 3
Fbiartao (6asens) Class 4. all temp. 2

Po* Ibeatdl oroprwyleow-, , ee .gomeM lbqid .tawls

Poltmide ftlm Orwaf id Inq, ect. 0 20, :20. ,4:40. 0 40. 32
1 20. 4 4. a 2. a ). 0k2

PatbuwMeybea - See also "'Vtstwam
Polystobolvew. Vistai,, NiyxvkarsMa he. Itasutlar.ury 3
Polyoait*ene .itrg *a tetraiode Grad ) 5.7

10l w-ell 1 4. %*dUWAK4 Is
".rollsIsed. we 4frwided)

Plyteabu; Wle. Formula 40-72 Clan D to F .. 4
Palylasprew ftyok C I.6 (

0 W)



MATERIAL FUEL BEIIAVIOR REF

P
Polyisobutylene Perchloryl fluoride, Class 4 at 80 F 2, 39

gaseous
Polylsobutylene and copolymers NitrLgen tetroxide Class D - severe 14A
Polyisobutylene-polyethylene blends RFNA Withstood 500 hrs at room 27

temperature

Polylsobutylene-PE blends (with high " Withstood 8 hours at 160 F 27
molecular weight)

Polyisobutylene/PE blends (Vistanex " Least change in physical appear- 27
plus Super Dylan) ance, 500 hrs at RT, 72 hrs at

80 F

Polymethyl methacrylate -

See also "Plexiglas"
Polymethyl methacrylate Fluorine, gaseous Class 4, all temps 2, 39

Fluorine (liquid Grade 3 5-10
Fluorine (gaseous) Grade 3 5-10

Polymethyl methacrylate, Plexiglas Hydrazine family Grade 3 5-5
Polymethyl methacrylate, Plexiglas Nitrogen tetroxide Class D - dissolving in I hr 4B

CR-39 (70-80 F)
Polymethyl methacrylate Perchloryl fluoride. Class 4 at 80 F 2, 39

gaseous
Polyolefin, irradiated -

See also "Raythene N"
Polyolefin, white insulation 50 /50 Fuel blend Class A - 30 d. v 160 F) 4, 4B
Polyolefin, black insulation . . . Class C - Fuel discolored in I hr 4, 4B

(30 d. @ 160 F)
Polyolefin, white insulation Class 1, to 160 F 39
Polyolefin, black insulation Class 3, to 160 F 39
Polyolefin, black Hydrazine family Grade 3 5-5
Polyolefin, wnite 1... Grade 1 55-65 F 5-5
Polyolefin, Raythere N, larradiated Nitrogen tetroxide Class A - sample flexible (48 d. 4, 4B

@ 55-65 F)
Class D - cracked (63 d. @

55-65 F)

Polyolefin, white and black insulation Class A - slight dimensional 4, 4B
change (30 d. r 63-67 F)

Polyolefin, DPDB 6169 . . . Class D (80 F, 7 d.) 4
Polyolefin, Formula 110 Class D (80 F, 7 d.) 4
Polypropylene - See also "Pro- Fax"
Polypropylene Aerozine 50 Good resistance (30 d. @ 100 F) 36A

Unsatisfactory 21
Tensile, 66. 87h ret (7 d. @ 100 F) 36C
Tensile, 115.0% ret (30 d. (1 36C

100 F)
Elongation, <10% ret (7 d. e 26C

100 F)
Elongation, 20% ret (30 d. @ 100 36C

F)
Hardness, -1 change (7 d. 4 36C

100 F)
Hardness, 0 change (30 d. @ 36C

100 F)
Polypropylene, Pro-Fax Aerozine 50 (Dynamic No significant change in 217 d. 10A

or static short extended (75 F)
service)

Polypropylene, Pro-Fax (coating) ... " Slight absorption, no other change 1OA
(218 d. at 75 F)

Polypropylene, se.Lks Boron nitride family Grade 1 5-6
Polypropylene 50/50 Fuel blend Retains high ultin.ate tensile 16

Class 1, to 160 F 39
Class 2, to 60 F

Polypropylene (from Hercules) .... Class A (60 F, 90 d.) 4
Polypropylene (from Chicago Molded """ Class A (160 F, 30 d.) 4

Products)
Polypropylene (from Hercules) "" . Class A - (180 d. C 55-60 F) 4B

Class B - Shrinks 0.5% (270 d.
( 55-60 F)

Polypropylene tfrom Chicago Molded Class A - 5. 1% tensile loss 4B
Products) (30 d. Ca 160 F)

52
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MATERIAL FUE L BEHAVIOR REF

P
Polypropylene, Pro-Fax 50/50 Hydrazine/UDMH Class 2, limited service 8
Polypropylene, seals Fuels (general) Acceptable for continuous use 16
Polypropylene Hydrazine family Grade 1 5-5

Nitrogen tetroxide Unsatisfactory 21
Badly deteriorated (7 d. @ 100 F) 36A, 36C
Class B - shrinks 3%, (30 d. @ 4B

5R-60 F)
Discolored, brief exposure 7
2 mo. exposure; tank rupture 7

(excessive swell)
13 mo. exposure; decomposed 7
Insensitive, impact (70 ft lb, 37

0/20)
Class B, shrinks 3% (30 d. @ 4B

55-60 F)
Class D, Shore D decreases 21 4B

units (90 days @ 55-60 F)
Class B, Shore D decreases 9 4B

units (2 days @ 70-80 F)
Blistered (8 days @ 70-80 F) 4B

Nitrogen tetroxide Class 2, to 60 F 39
(<. 2% moist) Class 4 at 60 F

Nitrogen tetroxide, 0%-1 d.; 19%-7 d.; no apparent 19
(liquid) change

Polypropylene, Pro-Fax Nitrogen tetroxide Shore term (hours) only 10A
!Dynamic or static
short term service)

Nitrogen tetroxide Brief exposure; short term 10
(hours) only

Polypropylene . . . Grade 3 5-7
Polypropylene (all types) Class C - slight 14A
Polypropylene (from Hercules) . . . Class C (60 F, 30 d.) 4

SPolypropylene Oxygen, liquid Insensitive, impact (70 ft lb, 37
0/20)

Pentaborane Compatible for long term appli- 40
cations

Polystyrene - See also "Polyflex"'
Polystyrene, expanded -

See also "Styrofoam"
Polystyrene Ammonia, gaseous Class 4 at 75 F 39
Polystyrene, seals Boron hydride family Grade 1 5-6
Polystyrene Fluorine, gaseous Class 4, all temps 39

.. Fluorine (liquid) Grade 3 5-10
Fluorine (gaseous) Grade 3 5-10
Hydrazine family Grade 3 5-5

Polystyrene and polydichlorostyrene Hydrazine, anhyd"ous Incompatible, Class C 8
Hydrazine hydrate Incompatible, Class C 8
Hydrazine/hydrazine Limited service, Class B 8

nitrate/water
Polystyrene Hydrogen peroxide, Class 2, limited service 8

(concentrated)
Polystyrene, Polyflex Hydrogen peroxide, 90% Class 2 at 150 F 39
Polystyrene Liquid oxygen Slightly sensitive, impact (70 37

ft lb, 2/11, 0/6)
Positive detonation, impact 18

Polystyrene, Styrofoam Liquid oxygen Positive detonation, impact is
Polystyrene Perchloryl fluoride, Class 4 at 80 F 39

gaseous
Propellant 113 Little effect 13
RFNA Class 4 at 75 F 39

Polysulfide rubber -
See also "Thiokol"

Polysulfide sealant -
See also "Proseal"

Polysulfide, sealant 5n-50 Fuel blend Class D - dissolved in few hours 4B
(30 d. @ 55-60 F)

Polysulfide -uubers Nitrogen tetroxide Class D - severe 14A
Polysullide, sealer Oxvgen, Liquid Sensitive, impact (5/10) 18
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MATERIAL FUEL BEHAVIOR REF

Polytetrakwrfthylent -
See also "Teflon TFE", "Halon
(TFE)"

Polytetraf luoroethylene-
thexafluoropropylene -

See also "Teflon FEP"
Polytetraf luoroethylene Oxygen, liquid Suitable 8

Impact; 0/126, 0/20, 0/20, 0/20, 32
0/20, 0/20, 0/20, 0/20, 0/20,
0/20, 0/20, 0/20, 0/20, 0/20,
0/20, 0/20, 0/20, 0/40, 0/20,
0-2/20, 0/20, 0/40 @ 10 KgM

Polytetrafluoroethylene + aluminum . Impact, 0/40 @ 10 KgM 32
Polytetrafluoroethylene with silicone . Impact; 3/20 @ 10 KgM 32

adhepive
Polytetrafluoroethylene RFNA Class 3 to 75 F 39
Polytrifluorochloroethylene Oxygen, liquid Impact; 0/20, 0/20, 0/20, 0/20, 32

0/20, 0/20, 0/20, 0/20, 0/20,
0/20, 0/20, 0/20, 0/20, 0/20,
0/20, 0/20, 0/20 @ 10 KgM

RFNA Class 3,to 75 F 39
Poly(trifluoropropyl)methylsiloxanhe Oxygen, liquid Insensitive, impact (70 ft Ib, 37

0/20)
Polytrifluorovinylchloride . Suitable 8
Polyurethene coating, paint 50-50 Fuel blend Class D - stipped cif (30 d. @ 4, 4B

55-60 F)
Polyurethane paint, coating 50/50 Fuel blend Class D (60 F, 30 d.) 4, 4B
Polyurethane Nitrogen tetroxide Grade 3 5-7
Polyurethane, paint Nitrogen tetroxide, Class D (30 d. @ 55-60 F) 40

liquid stripped
Polyurethane Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)
Perchloryl fluoride, Class 4 at 80 F 39

gaseous

Oxygen, liquid Impact; 2/7 @ 10 KgM 32
Polyurethane adhesive, Adiprene Impact; 5/5 1 10 KgM 32

L-100
Polyurethane wipuig material Impact; 2/3 @ 10 KgM 32
Poiyurethane foam Positive detonation 18
Polyurethane Sensitive, impact (3/20) 18
Polyvinyl alcohol Hydrazine, anhydrous Incompatible, Class C a

Hydrazine hydrate Incompatible, Class C a
Hydrazine/hydrazine Incompatible, Class C 8

nitrate/water
Hydrogen, liquid Unsatiufactorv 8
Hydrazine, liquid Class 4 at 75 F 39

Polyvinyl butyral Ethylene oxide Amobient temp, Intermittent use 3
Polyvinyl carbazole resins RFNA Class 4 at 75 F 39
Polyvinyl chloride -

See also "Boltron", "Exon", "Geon",
"Lucoflex", "Marvinal", "Opalon"
"Tygon"

Polyvinyl chloride (PVC) Alcoholt (methyl, ethyl, Approved for use 3
isopropyl. furfuryl)

Fluorine, gaseous Class 4, > RT 39
50/50 Fuel blend ClAss 4 at 60 F 39
50/50 Hydrazina/UDMH Class 3, incompatible 8

Polyvinyl chloride pipe (Easton) HiCal 3 Class 2, no change ft 120 F 2, 39
Polyvinyl chloride Hydrogen, liquid Unsatisfactory 8

Hydrazine, liquid Class 3, to 75 F 39
"Nitrogen tetroxide Not chemically compatible 8
Nitrogen tetroxide Class 4 at 75 F 39

(<-. 2% moist)
Ox rgen, liquid Moderate detonation, impact 18

Very sensitive, impact (10/10) 18

Incompatible 8
.. .Insensitive, impact (70 ft lb) 37

0/20)
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MATERIAL FUEL BEHAVIOR REF

P
Polyvinyl chloride Oxygen, liquid Impact; 2/2, 2/2, 2/3 @ 10 KgM 32
Polyvinyl chloride, irradiated .. . Impact; 2/4 @ 10 KgM 32
Polyvinyl chloride Perchloryl fluoride, Class 4 at SO F 39

gaseous
Polyvinyl chloride dielectric, Nylon Oxygen, liquid Sensitive, impact (6/10) 18

jacket
Polyvinyl chloride tubing Hydrogen peroxide (cone) Class 3 - Very limited 8

Hydrogen peroxide, 90W% Class 3 at 150 F 30
Polyvinyl tape, black, Fibron #1 Oxygen, liquid Slightly sensitive, impact (2/20) 1i
Polyvinyl tubing Very sensitive, impact (10/10) 18
Polyvinyl f!uoride -

See also "Tedlar", "Teslar"
Polyvinylidene chloride -

See also "Sarin", "Sarankote"
Polyvinylidene chloride Nitrogen tetroxide 13 mo exposure; absorbed, some 7

chemical reaction, discolored,
very brittle

Nota ffected 7
Oxygen, liquid Insensitive, impact (70 ft lb, 0/20) 37

Polyvinylidene fluoride - See
See also "Kynar"

Polyvinylidene fluoride RC2525 Chlorine trffluoride, Class 1, 85 F 39
gaseous

Polyvinylidene fluoride Hydrazine Not affected, brief exposure 7
Embrittled, discolored 7

Nitrogen tetroxide 2 mo exposure; absorbed,. dis- 7
colored, no permanent effect

Not affected, brief exposure 7
13 mo exposure; absorbed, 7

softened, bleached - no
chemical reaction; no effect on
tensile strenM•

Insensitive, impact (70 ft Ib, 37
4) 0/14)

Polyvinylidene fluoride Liquid oxygen Insensitive, impact (70 ft lb, 37
0/20)

Polyvinyl pyrolidone Perchloryl fluozide, Class 4 at 80 F 39
gaseous

Polyvistanex 50/50 Hydrazine/UDMH Class 2, limited service 8
Polyvistanex Nitrogen tetroxide Class 4 at 75 F 39

(<. 2% moist)
Proseal 793 50/50 Hydrazine/UDMH Class 3, inc-npatible 8
Proseal 333 Nitrogen tetroxide Class 1, to 60 F 39

(<. 2% moist)
Proseal 793 Nitrogen tetroxide Class 4 at 60 F 39

(<. 2% moist)

R
RTV-20, silicone rubber Aerozine 50 Unsatisfactory 21

S.... .... . 50/50 Fuel blend Class D (60 F, 30 d.) 4
RTV 20, Potting compound . . . Class D - shrinks 6.9% Shore A 49

decrease 13 units (30 d. @
55-60 F)

Class A - (3 d. @ 70-80 F) 4D
RTV-20 Nitrogen tetroxide Unsatisfactory 21

S... .. ClassD(60 F, 30d.) 4
Nitrogen tetroxide Clas 4 at 60 F 39

(<. 2% mclst)
RTV 20, Seals Nitrogen tetroxide Grade 3 5-7
RTV 20, Potting compound Class D - dissolved (14 d. 0 4B

55-60 F)
Class D - dissolved (I d. @ 48

70-80 F)
Rayco, Teflon & metal . Grade 1 5-7
Rayon Perchloryl fluoride Class 4, 390 F 2

LvI (dry)
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MATERIAL FUE L BEHAVIOrl REF

Rayon Perchloryl fluoride, Class 1, to 75 F 39
gaseous Class 4 at 390 F 39

Raythene N, irradiated Nitrogen tetroxide Class 1, to 65 F 39
(< .2% moist) Class 4 at 65 F 39

Reinholt F120-55 Aerozine 50 Unsatisfactory 21
Reinholt F120-55 Nitrogen tetroxide Unsatisfactory 21
Resin-X,Concrete protective coating Fuming nitric acid Satisfactory 1-3
Resina, SC 1008 Aerozine 50 Unsatisfactory 21
Resincz SC 1013 .... Unsatisfactory 21
ReslnzK SC 1008 Nitrogen tetroxide Unsatisfactory ?I
Resinox SC 1013 "..... Unsatisfactory 21
Resents SC1008 and SC1013 Nitrogen tetroxide Class 4 at 75 F 39

( <. 2% moist)
Resistazine 74, Ethylene propylene . Class 3,to 65 F 39

rubber
Rezklad 1, 2, and 3, coating Nitrogen tetroxide Class D - concrete coating, binde 4B

dissolved (1 d. @ 55-60 F)

Rezklad 1, 2, and 3 Nitrogen tetroxide Class 4 at 60 F 39
(<. 2% moist)

Rubatex No. G-207-N Boron hydride family Grade 3 5-6
Rubatex No. R-103-J .. .. Grade 3 5-6
Rubatex No. G-207-N Pentaborane Incompatible 22
Rubatex No. R-103-J Incompatible 22
Rub•tex G-207N and R-103J Class 4 at 75 F 39
Rubber, ethylene propylene -

See also "LPH"
Rubber, Natural Aerozine 50 Unsatisfactory 21
Rubber, U. S. Polymeric 37-9X . Unsatisfactory 21
Rubber, Precision 18007 A-50 Fuel blend Disintegrated completely 14
Rubber, Precision 18057 Disintegrated completely 14
Rubber, Precision, 940X559 .. . Blistered 14
Rubber Alcohols (methyl, ethyl, Approved for use 3

isopropyl)
Rubber, Natural Ammonia (dry) Class 2, 75 F 2S.. Class 4, Hot 2

Ammonia. gaseous Class 2, to 75 F 39
11 .. .... .. Class 4 at Hot

Ammonia, anhydrous, Class 2, limited service 8
(dry, ambient temp)

Ammonia, anhydrous: Grade 2 5-12
Liquid
Gaseous (< 250 F) Grade 2 5-12

Rubber, hard linings Ammonia, gaseous Class 4 at 75 F 2, 39
..... . Ammonia, liquid Class 3, to 75 F

Rubber, sot linings Ammonia, gaseous Class 4 at 75 F 2, 39
" ... . . Ammonia, liquid Class 4 at 75 F

Rubber, natural, seals Boron hydride family Grade 3 5-6
Rubber, GRS .... Grade 3 5-6
Rubber (All common types) Chlorine trifluoride Incompatible 24
Rubber Fluorine, gaseous Class 1, to 75 F 39

Class 4, all temps 2, 39
"Fluorine (liquid) Grade 3 5-10
"Fluorine (gaseous) Grade 3 5-10

Rubber, natural HiCal 3 Class 4, softened, easily torn 2, 39
at 120 F

Rubber, Acushnet BWK-442; 50,/50 Fuel blend Class 3, to 160 F 39
SWK-849; SWK-850

Rubber, Acushnet SWK-851 Clabs 2, to 160 F 39
Rubber. Cohrlastic 500 Class 4 at 60 F 39
Rubber, Connecticut hard, 3601 . . . Cias 4 at 85 F 29
Rubber, Firestone, D-404, 430, 431, Class 4 at 85 F 39

432
Rubber, Firestone, D-406, 405, 408, Class 4 at 145 F 3%

409, 4M0
Rubber, Goshen 1357 Class 3, to 80 F 39
Rubber. Hadbar 58789-23GT Class 4 at 80 F 39
Rubber, Hadbaz XB•O0-71 Class 1, to 160 F 39
Rubber, Linear 7806-70 Class 4 at 80 F 39
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MAT ERIA•L FUE L BEHAVIOR RZY

R
Rubber, P&RP 806-70, 8W5-90 50/50 Fuel blend Clans 4 at 85 r 39
Rubber, Parco 8318-7 . Class 4 at 60 F 39
Rubber, Parco 823-70 . .Class 3, to 80 F 39
Rubber, Parco 805-70 Class 4 at 80 F 39
Rubber, Parker 37-014, 37-024 . .Class 2, to 85 F 39
Rubber, Parker 8480-7 a C ss 4 at 80 F 39
Rubber, Parker 8496-7 . Class 3, to 60 F 39
Rubber, Parker 318-70 .. . .Class 3, to 160 F 39
Rubber, Precision 907-90, 9M5-70 . . Class 4 at 85 F 39
Rubber, Precision 9357; 214-907-9; . . . Clas 4 at 80 F 39

9257
Rubber, Precision 18007, 18057 .. . .Class 4 at 160 F 39
Rubber, Sirvene 9623 and 9694 Clas 4 at 145 F 39
Rubber, Slrvene 9617 and 20316 Class 4 at 85 F 30
Rubber, Stillman SR 613-75 C.las 2, to 80 F 39

Class 3, to 160 F
Class 4 at 85 F

SRubber, Stillman EX 904-90 .. . .Class 4 at 160 F 39
Rubber, Stoner Class 4 at 85 F 39
Rubber, SRP 50x8655 and 50223 . Cis 4 at 85 F 39
Rubber, Thiokol 3000 St. . CIs 4 at 130 F 39
Rubber, Thiokol C42986-1 .. .. .. Class 2, to 85 F 39

Class 4, to 145 F
'. Rubber, Thtokol C 55935 Class 4 at 85 F 39

Rubber, Formula 120; 121 (resin . Class 3, to 100 F 39
cured)

Rubber, natural and synthetic Helium, gaseous Suitable for use 3A
Rubber, natural Hydrazine, liquid Class 2, to 80 F 2, 39

Class 4 at 75 F 39
Rubber, Natural gum Hydrazine family Grade 3 5-5
Rubber, natural gum Hydrazine, anhydrous Incompatible, Clas C 8

Hydraatn hydrate Incompatible, Class C 8
Hydrazine/hydrazlne Incompatible, Clas C 8

nitrate/water
Rubber, synthetic Hydrazine, anhydrous Limitid service, Class B 8

Hydrauine, hydrate Limited service, Class B 8
Hydrasine/hydrazine Limited service, Class B 8

nit-ate/water
Rubber, U. S. L7825 Hydrazine, liquid CIs"s 2, to 77 F 2, 39
Rubber, U. S. No. M-20996 . . . CIss 2, to 77 F 2, 39
Rubber, Natural Hydrocarbon fuel Unsatisfactory 3
Rubber, synthetic (except neoprene, Unsatisfactory 3

una NO)
Rubber, natural Hydrogen, liquid Unstisfactory 8

S. . .. . Class 4 2
Hydrogen: Liquid & coid Grade 3* 5-11

K"M
Ambient gap Grade 3 5-11

*Nc basmd on teoo, results
Rubber, Polyvinyl Chloride Hytraogeu peroxide, 90% Decrease in tensile atreqt, 14

Rubatea swelled to appra 15A at
original volume

Ersolite Same reaction
Rubber, Prectseln, 18007 IRFNA Absorbed fuel, scdtened (approL 14

1/3)
Rubber, Precision 1217 JP-X Shore A loss - 37; 20% swell S4

(7 d.O0 WI)
""bore % lose - 15 (7 d. 0 160 F) 34

Rubber, Precison, 1007 MOtN Smelled badly 14
Rubber, Precision, 18067 Smelled badly 14
Rubber, Precision, 940••51 Smelled badly, many blisters 14
Rubber, naturat, 606-70 Monomethylhydraziane Intermediate (fair) 8
Rubbe', natural and synheUtc Nitrogen, gaseous Suitable for use 1A
Rubber Nitrogen tetroodde Class D - blistered in 1 hr 49

(70-80 F)
Rubber, natural .Unsatidactory i2

.Chs D - broke up i 30 sec 43
(70-80 F)
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MATERIAL FUEL BEHAVIOR REF

Rubbetr, natural Nitrogen tetrualde Class 4 at 80 F 3,)S(<.2 moist)
Rubber, ethylene-propyiene Nitrogen tetroxide Maintains appearance and retainii 25

strength and elasticity alter 1
week In liquid N20 4 ; !ow volume
swell

Rubber, ethylene propylene, Formula Nitrogen tetroxide Class 4 at 67 F 39
132 (<.2% moist)

Rubber, Stillman SR13-75 . . . C;ass 4 at 65 F 39
Rubber, Stillman 11092-3A and . . . Class 4 at 80 F 39

TC-419-19A
Rubber, Stillman THI1357 . . . Class 4 at 65 F 39
Rubber, Stillman EX774M-1 . . . Clato 4 at 67 F 39
Rubber, U. S. Polymeric 37-9X Nitrogen tetroxide UnsatIsfactory 21
Rubber, gum Oyxgen, liquid Violent detonation, impact 18
Rubber impregnated asbestos sheet Moderate detonation, impact 18
Rubber, red Sensitive, impact (5/10) 18
Rubber, black ' Sensitive, impact (8/10) 18
Rubber " Slight sensitive, impact (2/1W0 18
Rubber, AN 931 Very sensitive, impact (8/10) 18
Rubber, natural Pentaborane Incompatible 8, 22

Class 4 at 75 F 39
Rubber, Dow Corning 9383 Class 4 at 75 F 39
Rubber, natural Perchloryl fluoride, Class 4 at 390 F 2, 39

gaseous
Rubber, reclaimed, carbon filled .. . . Class 4 at 390 F 2, 39
Rubber, foam .... Class 4 at 390 F 39
Rubfir hard RFNA Class 4 at 75 F 3i
Rubber, Goodyear Redwing U-DETA Absorbed fuel 12
Rubber, Goodyear, Plioweld Absorbed fuel 12
Rubber, Buna N Absorbed fuel very excessive 12
Rubber, graphite coated " Conditional 12
Rubber, Hewitt Absorbs fuel 12

S.... . U-DETA (MAF-4) Unsatisfactory 8
Rubber, Goodyear Redwing Unsatisfactory a
Rubber, Goodyear Pltoweld 1551 " Unsatisfactory 8
Rubbers, natural: UDMH Class 3. fair 8

Firestene D-405 black sulfur! cure
Firestone D-408 peroxide cure Class 3, fair 8
Firestone D-409 sulfur cure Class 3, fair 8
Firestone D-410 black sulfur cure Class 3, fair 8

Rubber, acid seal UDMH (liquid) Class 4, 75 F 2
Rubber WFNA Class 4, unacceptable, all temps 2, 8
Rubbers WFNA, liquid Class 4, all temps 39
Rulon, Teflon base Hydrogen peroxide, 90% Class 2 at 150 F 39
Rulon A Oxygen Spontaneous ignition temp - 465 C 42

at 7500 psi; 463 C at 2000 psi
Rulon B %nnt•nwous Ignition temp - 460 C 42

at 7500 psi; 466 C at 2000 psi
Rubos C Spontaneous ignition temp - 465 C 42

at 7500 psi; 458 C at 2000 pai

Rulon Perchloryl fluoride. Class 4 at 80 2, 39
gaseous

S
SSR, Styrene-butadiene rubber Hydrazine, liquid Chum 1, to 75 F 39

Class 4, to 160 F

SBR (Syrpol 1707) Hydratine Shore A, los - 5; 14% well (7 d. 34
4 1e0 F)

Shore A, pgn - 35; 7%n 8eil 34
(14 d. @ 160 F)

S .hore A, loss - 5; 10% well 34
(21 d. 0 160 F)

SBSR (Sympol 170) Shore A, Iwo - 2; 4% swell (7 d. 34
0 RT)
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*M, ,ATFRIAL FUEL HEHAVIOR REF

SBR (Syipol 1708) Hydrazine Shore A, gain - 8; 3% swell (14 d. 34
@ RT)

Shore A, gain - 8; 3% swell (21 d. 34
@ RT)

Shore A, loss - 1; 4% swell (7 d. 34
@ 160 F)

Shore A, no change; 4% swell 34
(14 d. @ 160 F)

Shore A, loss - 2; 3% swell (21 d. 34
@ 160 F)

SBR (Synpol S800B) Shore A, no change 8% swell (7 d. 34
@ RT)

Shore A loss - 2 14% swell 34
(7 d. 4 160 F)

SBR Shore A, loss - 20; 10% swell 34
(60 min @ 400 F)

SBR Shore A, loss - 5 to galn - 3; 7% 34
to 15% swell (7 d. @ 160 F)

Shore A, loss - 0 to 5; 12% and 34
13% swell (14 d. @ 160 F)

Shore A, gain - 2; 12% swell 34
(21 d. @ 160 F)

Shore A, gain - 0 to 1; 9 swell 34
(3 mo. @ 160 F)

Shore A, gain - 2; 5% swell (6 34
mo. @ 160 F)

9% swell (21 d. @ RT) 33
10% swell (42 d. • RT) 33
12% swell (14 d. • 160 F) 33
.10 swell (60 min. @ 400 F) 33
Shore A, losn - I to gain - 9; 6% 34

to 11% swell (7 d. @ RT)
Shore A, gain - I to 6; 4% to 9% 34

swell (14 d. @ RT)
Shore A, loss - 5 to gain - 3; 4% 34

to W% •acdll (21 d. C RT)
Shore A, gain - 3 a 4. 9- and 34

10% swell (42 d. @ RT)

Shore A. gain - 3; 11% swell 34
(84d. ORT)

Shore A, loss - 2 nd 5, 9q and 34
14% swell (3 mo. 0 RT)

Shore A, no change; 10% swell 34
(6 mo. @ RT)

SBR (Sy.pol 1551) Shore A, loss - 3. 16% well (7 d. 34
0 RT)

.hore A, gain - 5: 13% swell 34
(14 d, 0 @T)

.. ,re A, gain - 22; 25% swell 34
(21 d. 0 RT)

Shore A. loss last 4:9%, 12% 34
swell (7 d. 0 160 F)

. Shore A. los of -3; 9 swell 34
(14 d. 0 160 F)

Short A,s - 3;4% swell 34
(21 d. C 16o F)

SBR Nitrogen tetrbliorle Promistng Comp•tiblity 26
Perchloryl fluoride Promising tmipatiblity to
UDMH Shore A. loss - S; 3% swell 34

(7 d. 0 RT)
SBR (S•ypol 1551) Shore A. los - 24;, Mwell; 34

(60 min. Q 400 F)
Saran Aerosne 50 Uatisfldactory 21
Saran (seals) BoSa hydride family Grade 3 5-0
Saran, 1Hveg 41 Bromine trifkhorlde, Uq. Clss 4 at 75 F 39
Saran Chlorine trtfiihord. tomlpotble 24

501/0 Fl blend Clase 3, to 80 F sit
Claw. D (0 F. 30d.) 4
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MATERIAL FUL L BLtIAVIOR REF

Sasan 50/50 Ft I blend Class D - sample rubbery (10 d. 4B
S55-6o F)

Class C - discolored in 2 hr 4B
(70-80 F)

Saran rubber Clas 4 at 75 F 39
Saran rubber 300, cured or uncured Class 4 at 100 F 39
Sam 50/50 Hydraulne/UDMH Class 3, incompatible 8

"Halogen fluoride family Grade 3 5-8
"Hydrazine famtly Grade 3 5-5
"Hydrazine, liquid Class 4 at 68 F 2, 39
"Hydrazine, anhydrous Incompatible, Class C a
"Hydrasine hydrate Incompatible, Class C a
"Hydrautne/hydrazine Incompatible, Class C 8

nitrate/water
"Hydrogen, liquid Unsatisfactory 8S1.. .. Class 4 2
"Hydrogen: Liquid & cold Grade 3 5-11

gas
t mbient gas Grade 3 5-11

"Hydrogen peroxide Class 2. limited service 8
(concentrated)

"Hydrogen peroxide, gO9 Class 2 at 150 F. limited service 8, 39
Saran rubber Q-IE7 Clas 4 At 150 F 19
Saran rubber Q-1875 Class 3 at RT 39
Saran ItFNA Brittle (7 d. ti RT) 34
Saran 281 JP-4 Fuel Some shrinkage (72 hrs at 80 F) 27
Saran Nitrogen tetroxide Unsatisfactory 21

"Grade 3 5-7
Class D (60 F, 30 d.) 4
"Limited service 30
"Tensile 'os. 1500 psi (1 d. 0 RT) 34

"Nitrogen tetroyide Class 3. 80 F 2
(water >0. 1)

"Nitrogen tetroxide Class 4 at 80 F 39
(<. 2% moist)

Nitrogen tetroitde Class 3. to 80 F 39
(0. 2-. 1-1- moist)

""Peta~borane Incon~pat tble 9. 22

C!ass 4 at 75 F 39
•1u" e., dry Class 2. 60 F 2

"Perch loyl fluoride. Class 1. to 75 F 39
gaseous .Lass 2. to Be F

Saran 261 RFNA Goud resitance to immersion - 27
164 hr. at IO F; after I hr at
160 F

Sajan rebbet 300, uncured (Dow UDMH Class 4. poor
Cornalf)

Sawan rubber 3C .. cured (Dow Cortlgq• Class 4. poor I
Saan rubber (D',m Cornirt) "' CI, 4. poor 6
Samru WFMA, liquid CLIA" 4 at 75 F 39
S..rsnrk, coatin RF"A C s 4 at 75 F 39
Sarankote A-108 W NA Class 4 -urcept, alt tempe 2. A
skotch i L Omr . liquidM lmpart. 4 t 10 KIgM 32
Scotch electric tap* . Inpt. 3 4 a 10 KUM 32
Scotch electric tape tt, latk vaU. I... In.t. 2 4 I 10 KtgM 32
St och ehlctrtc tape (white glas) ""I"pact. 4 S a 10 KSM )2
scotch pmsurv 9 ttve taWe " Impa:t. 17 20 4 10 KgM 32

hast HNydrastAW f&•,na1 Grade 2 !-5
Hydrams W. asmydrou Un Lmied servire, Class 8 1
Hy~ratie. htdrate Limnied strimk. Class 3 1

qR Y,*aIaW %Vdraaae LUmlied stmie. CU"s• a
altrafe water

Sliastic 167 HMydatir , liqud CIA" 2. to 7S F 3
Siabtc US-5' Cas, 4 at 1IC F 39
Sustics 46S. elastomer 0 30 Fitrsuat VMMH Class 2. iýmflrd s*rv•e I
Silbw 152, 5 10. 161. 161: 21. M7. Hydroe pero*hd", 0"T Class 3 A I0 F 31

?-Ml

Mastic 0 and 1600 -Onag CIa" 4 at10 I 3

so

p..O
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( MAT I IAL FUF.L FiElf AViOR REF

Silastic: 240; 6-128; 9711, HR-9711; Hydrogen peroxide, 90; Class 2 at 150 F 39
9711 welded with S-2200;
S-2000-4-480

S2last0c 152 Hydrogen peroxide Class 3. very limited service a

(concentrated)
Slas~ti 240 Class 2, lli.tted service 8
Silastic 9711 Class 2, limited service
Silastic DC-9711 rw DAc(on diaphragm Hydrogen peroxide. 90'1 Class 3 at MSI, F 33
Siastc[ LS-53 Nitrogen tet-raluoride Promising compatibility 26
Silastic LA-53 Nitrogen tetroxide, 2451 swell in I hr. 2806. swell in

liquid I d., 385 s swell i 7 d.;
rubbery, ,)od apeazAnce

Silastic LS-422 310 to 391 s swell in I d. 2
comps became transparent .n
test Iquid

Siastic 1.S-53 Swells excessivelV In first houar; 25
recovers. not degraded

Silastac O•.'gen Grade 3 5.2

SOiAstic 81813 Qxiyren, liquid Veri se,sistive. in-pact (5 5) 18
Silastic 2007. uncured Insenitive. impact 010) i8
Silastic 2007, cured Etseflttive. impact (0 l0) lb
Silatitc bts, tLasto,.-rr TH 1057 S4fitive. impact is
Slaustic HTV 501 Ser.stive. Impact (6 10) 18
Slas't-. Dow Corning 80-24-480 Pentablirant Class 4 at 75 F 39

Stilasti. Garl,x-k 25' Cla s 4 at 7- F 39

Silastic, Dow Corning No. 50-24-480 Irk ompatible 8. 22

Stlastic. Dow C rrurw No. 90-24-480 Inchomipatible 6. 22

Silasttr L.-53 Perchlorvl fluoride Pronisint. compatibility 26
Silastir 152 and 250 U-DETA (•.AF-4 ULnSatISfacorv $

SiLastic-167. -180. -181 WFNA, liqud Class 4 at 75 F 39
Sili t,.n - Sýrt- Also "Silastc
Silico••ie Coatin.gs Dr'C-936 Aerozim 50 No visible chaWe in 24 ýrs 6 10. IA

75 FE~ )Sibrcone Cowviirg DC-99)4 No visible chNajw in 24 hrs a: 10, 1QA

Mcti& .ny Q-3-0121 No .isibe I-%atme a"ter immersion 10
fo)r 24 hrs at 'S. 5 F

Sihiuw1 LI nl e Vnsa"Isfacto)r 21
Siliconf rtSins. AnimotiA. IAsetLWS Class 3. to 75 F" 2, 39
S.liw{.jn eListrxvr I CLaL. 2. 1') 75 F 2. 39

~~.i~~~in4~ Wl~r:radds .bi L&s 2. to Hot 2, 39
Sil nw. r'it*tr. :Uss~ fAbric Ar; .'on. ,.'.2. 1..-ited sen Lre I

51114 twn rla,ými~r;; C j CAs 2.ý limit ed se~ , Y 5
Sliýa -•t• t as•t )-_r j:a. fabr .4. Class 2. li•.ed ser,:-e 2. 8

haseu t I 250 FG rade 1 5-12
Liquid

'S itr- 3sw rumat.s ia.iar lwtA, .Ahdtr-.i Grade 3 5-11

t-0 1W f 1 Grade Si

t~GOV'U (S 'rii G *i.~ .. (~radr 1 5-12

Sk~~ ~ ~ ~ I~eO I, Ba -L- -I-r* A

inas4. ?.-1 iCIA" 4 Ila if •t

CLas C 'too f I 4jClam A V-00
CIA 1`0 &AIAf



MATERIAL FUEL BEHAVIOR REF

Silicone rubber, Dow JS-53 50/50 Fuel blend Class 4 at 100 F 39
Silicone rubber, DC-152 . .Clas 4 7A 75 F 33
Silicone, Teflon modified, Nichols Class 4 at 85 F 39

1.8-53
Silicone pt~ting compound, elastomer, 50/50 Hydrazine/UDMN Class 1, general service

Silicones and fluorosilieones Halogen fluoride family Grade 3 5-8

Silicone rubber Hi-Cal 3 Class 4, deteriorated; to a powder 2, 39
at 120 F

Silicone Hydrazine Shore A, gain - 2; 12% swell (7 d. 34
@ RT)

Silicone rubber Hydrazine, liquid Class 2 at 75 F 2, 39
Silicone DC-710 .. .. Class 3, to 70 F 2, 39
Silicone elastomer, Precision Hydrazine/MMH/Water, Complete deterioration in 2 to 3 14

Product 11536 Fuel Blend days
Silicone rubber Hydrogen, liquid Satisfactory 8

Class I or2 2
Compatible for long term appli- 40

cation
Silicone rubber Hydrogen: Liquid and Grade 3* 5-11

cold gas
Ambient gas Grade .

*Not based on test results
Silicone Hydrogen peroxide Class 4 3
Silicone Shore A, gain -10; loss - 5; 34

volume swell - none to 4% (7 d.
@ RT)

Silicone Hydrogen peroxide 9% swell (7 d. @ RT) 33
(2.5 v active oxygen
loss)

Silicone rubber Hydrogen peroxide < One week I
Silicone rubber SE 450 . . . Shore A no change; 9% swell 34

(7 d. 4 RT)
Silicone rubber SE 450, 59711, 56128, Class 2 and 3 3

Y1749
Silicone rubber, SE 450, unpigmented Hydrogen peroxide, 90% Class 2 at 150 F 39
Silicone rubber: GE 407B-217-1; Class 4 at 150 F 39

GE 12601; GE 12670; GE 12670,
pigmented brown

Silicone rubber: GE 1240; GE 81223; .. . . Class 2 at 150 F 39
GE 12650, unpigmented

Silicone rubber: GE 12602; GE 12650, '. . . . Class 3 at 150 F 39
pigmented red; GE 15060, GE 15080;
GE X-7181

Silicone 407-B-217-1 Hydrogen peroxide Class 3, very limited service 8
(concentrated)

Silicone SR 5550 . . . Class 2, limited service 8
Silicone Y-1749 . . . Class 2, limited service 8
Silicone: 407-B-217-1; HT 656; Hydrogen peroxide, 90% Class 3 at 150 F 39

X-7181
Silicone: 407-B-437-1; SR 5550; Class 2 at 150 F 39

SR 5570; SR 5550; SR 5570; Y-1749
Silicone seal washer 9711 (DC A4094 Class 3 at 150 F 39

adhesive on aluminum)
Silicone seal washer 9711 (DC Chem- Class 3 at 150 F 39

loc 607 adhesive on aluminum)
Silicone (silastic) Hydrogcn peroxide Shore A no change, 8% swell 34

(7 d. @ RT)
"" Silicone rubber GE X7181 Hydrogen peroxide Class 3, very limited service 8

(concentrated)
Silicone rubber EG 1240 . . . . Class 2, limited service 8
Silicone rubber GE 12601 . . . . Class 4, unacceptable a
Silicone rubber Monomethylhydrazine Intermediate (fair) 8
Silicone rubber 71'10 ........ Intermediate 8
Silicones Nitrogen tetroxide Class D - 0 evere 14A
Siliconas . . . Not chemically compatible 8
Silicone rubber . . . Grade 3 5-7

"Class D - severe 14A
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Sthcone rubber Nltroen tetroxide Class 3, 80 F 2
(water > 0. 1%)

Nitrogen tetrodde Class 3, to 80 F 39
(0. 2-1.00% moist)

S/licone-glav,, laminate, composition Nitrogen tetroxide Class D, delaminated (30 d. @ 4, 4B
unkown 55-60 F

Silicone laminate . . . Unsatisfactory 21
.... .. Nitrogen tetrouide Class 4 at 60 F 3g

( I, 2% motst)
Silicone, RTV 60 Nitrogen tetroxide Various one specimen held up for 10

I hr
Silicone (O-Ring) with Kel-F cover Class D (65 F, 63 d.) 4
Silicone Oxygen, liquid Impact; 2/8. 5/5, 2/2 @ 10 XgM 32
Silicone, Silastics Impact; 2/3. 8/10, 7/10, 2/10, 32

2/2, 2/7, 2/3, 2/8, 2/3, 2/2,
3/20 @ 10 KgM

Silicone rubber (.pee ') . Satisfactory 1, 3
Silicone rul'b. . Violent detonation, impact 18
Silicone ru.oer . .Impact 2/2, 20/20 @ 10 KgM 32
SilUcoe and gLAs .. . Impact 2/2 @ 10 KgM 32
Silicone rubber backng oan aluminized Sensitive, impact (8/10) 18

gtsa fabric
Silitje. : esin on g .ss cloth Very sensitive, impact (10/10) 18
Silicone fiberg~ass lami:,.at. Moderate detonation, impact 18
Silic ,n rubber on f lberglasE. silver- Very sensitive, impact (5/5) 18

c oWh
SilU one rubber on fiberglass, redcloth Very sensitive, impact (5/5) 18
Sih-one ,•aint n "IoJbes-s:, . Very sensitive, impact (2/3) 18
Silicone pijnt, XP-7-1003 (dried and Questionable sensitivity (0/2) 18

b.ked'
Sil•cone rubber. fDo Corning 916 Pentaborane Incompatible 22
Sihicone foa-m, Dw Coring R-7002. Incompatible 22

R-7103
WSicone rubkr Perchloryl fluoride, Class 4 at 390 F 2, 39

gaseous
Silicore rubber, on glass cloth Class 2, to 390 F 2, 39
Silicone glass cloth .. .. Class 4 at 390 F 2, 39
Silicone RFNA Class 3, to 75 F 39
Silicone rubber, AMS 3305 U-DETA (MAF-4) Satisfactory 8, 12
Silicone DC 160 and SE 450-24/4B ' .. Unsatisfactory 8
Silicone rubber UDMH (liquid) Class 4, 32 F 2
Silicone rubber UDMH (vapor) Class 4, 32 F 2
Silicone LS-53 (Dow Corning) UDMH Class 4, poor 8
Silicone DC 152 (Dow Corning) Class 4, poor 8
Silicone SE 750, (General Electric) " Class 4, poor 8
Silicone SE 565; SE 361; SE 452; Class 4, poor 8

SE 750; XE 5701; XE 404 (General
Electric)

Silicone, modified: Nichols Class 4, poor
Engineering: Teflon modified
silicone, L.S-53

Siloxane (polydimethyl silozane) Oxygen, liquid Very sensitive, impact (3/3) 18
Silolane (fluorinated) LS-53 . . Slightly sensitive, impact (2/5) 18
Sivrene 1080; 9031 50/50 Hydrazine/UDMH Class 2, limited service 8
Spauldite, phenolic, paper-base IRFNA Class 4 at 75 F 39
Spauldite IRFNA Dissolved (7 d. @ RT) 34
Spauldite Nitrogen tetroxide Disintegrated (I d. @ RT) 34
Spauldite Nitrogen tetroxide Class 4 at 75 F 39

(<. 2% moist)
Spiratallic, Teflon and metal Nitrogen tetroxide Grade 1 5-7
Spiratellic 911-44, gasket Oxygen, liquid No reaction, impact 18
Strippable, TeeChem 556 Low detonation, impact 18
Strippable, CVAC 2-10 . . Moderate detonation, impact 18
Strippable, 3M Moderate detonation, impact 18
Styrene (Hi-styrene sheet) IRFNA Vigorously attacked (7 d. @ RT) 34
Styrene, Hi, sheet Class 4 at 75 F 39
Styrene (Hi-styrene sheet) Nitrogen tetroxide 1 d. @ RT -- Disintegrated 34
Styrene, modified RFNA Class 4 at 75 F 39
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Styrene-Butene (Emerson & Cuming) Aerozine 50 Appearance good (2 d. @ 70 F) 36
.. .. .. . I "' Nitrogen tetraxide Completely degraded (2 d. @ 70 F) 36

Styrene-butadlene rubber -
see also: "SSW'; "Syipol"

TFNMYIFE* Chlorine trifluoride Promising compatibility 26
Nitrogen tetr'mlde Incompatilbe 26

Volume swell, with loss of 25
physical properties

Nitrogen tetroxide Class 4 at 80 F 39
(< . 2% inoit)

*Trifluoronitrosomethane tetraflvorethylene
Tedlar 50/50 Fuel blend CLass 2, to 60 F 39

Class B - shrinks 4.3% after 30 4B
days, swells 9.3% after 180 days
(ISO d. @ 55-60 F)

Nitrogen tetrox'de Cla-,s 1, to 67 F 39
(<. 2% moist)

Oxygen, liquid Inpact sensitive, unacceptable 32
Teflon-asbestoa -

See also "Fluorobestos"
Teflon and aluminum silicate fibers -

See "Duroid 5600, 5650"
Teflon and metal -

See also "Spiratallic", "K Seal",
"Rayco"

Teflon-coated glass -
See also "Armalon"', "Korda-flex"

Teflon/glass ibers -
See also "Chemelic", "Duroid
5813, 5870F"

Teflon/glass/ceramic -
See also "Fluurngret*a"

Teflon tapes - See also "Fluorolin"
Teflon, (FEP and TFE) Aerozint 50 Compatible for long term appli- 40

ctions (test temp 70-80 F)
Teflon 100 (now FEP, " No effects (60 d. @ 75+5 F) 10

Slight harding on air dry
Teflon liner Very resistent, but permeable 36A

(30 d. @ 100 F)
Teflon I " No effects (125 d. @ 75.5 F) 10
Teflon 100 Aerozine 50 (Dynamic No significant change iiT 189 d. 10A

or static extended at 75 F
service)

Teflon I . . . No significant change in 240 d. 10A
at 75 F

Teflon liner Aerozlne 50 Ter.stle, q8.2% ret (7 d. @ 100) 36C
Te--ile, 119% ret (30 d. @ 100 F) 36C
Elongation, 80.55% ret (7 d. @ 36C

100 F)
Elongatiorn, I18.0% ret (30 d. @ 36C

1.3 F)

Hardness, -2 change , d. @ 36C
100 r)

a, ' ardness, -1 change (30 d. @ 36C
100 Fl

Teflon with steel primer . No visible change in 2. hrr. 10A
Teflon-,acked tape, X ... No visthle change, 30 d. M0A
Teflon-backed tape, 549 .... No visible change, 1-1/2 hr. 10A
Teflon-backed tape, 7503 " No visible change, 1/2 hr 10A
Teflon-backed tape, SL28011, Lot 306 " No visible change, 20 dab... 10A
Teflon insulation; Teflon 100 .... Good to F00 " 10, L.A
Teflon insulation (other grades) . Good to 700 F, short time heat tW, 10A

exposure
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Teflon filled with asbestos Aerozine 50 Compatible for long term appli- 40
cations (test temp 55-80 F)

Teflon filled with graphite Compatible for long term appli- 40
cations (test temp 55-60 F)

Teflon filled with molydisulfide Compatible for long term appli- 40
cations (Test temp 55-60 F)

Teflon Alcohols (methyl, ethyl, Approved for use 3
isopropyl, furfuryl)

Ammonia, anhydrous Satisfactory 3
"Ammonia, anhydrous Class 1, acceptable, or 8

(dry, ambient temp) Class 2, limited service 8
Ammonia, anhydrous: Grade 1 5-12

Liquid
Gas (<250 F) Grade 1 5-12

"Ammonia, gaseous Class 1, to hot 2, 39
Teflon-film Ammonia, anhydrous: Grade 1 5-12

Liquid
Gas (< 250 F)

Teflon Aniline Satisfactory 3
Teflon (seals) Boron hydride family Grade 1 5-6
Teflon Bromine trifluoride, Class 2, to 75 F 39

liquid
Chlorine trifluoride Approved, except for flow 3

conditions
Class A, general service 8
Compatible under static (non flow) 24

conditions; must be free of
impurities, limited service

"Compatible, under static condi- 40
tions only; long term application

"No effect at 160 F for 312 hours 31
Chlorine trifluoride (gas) Class 2, room ternperature* 2
*May be sensitive to high flow rates( Teflon Chlorine trifluoride, Class 1, to 75 F 39

gaseous
"Chlorine trifluoride, Class 1, to 85 F 39

liquid
Teflon, unfilled Chlorine trifluoride Unchanged: (31.5 hrs @ 70-8,) C) 9

(in stainless steel Unchanged: (333 hrs @ 25 C'
cylinder)

Teflon filled with CaF 2 (Garlock) . . . . Unchanged (333 hrs at 25 C) 9
Unchanged (71 hrs at 25 C)(31.5 9
hrs at 70-80 C)

Lign~er in color (17 hrs at 25 C) 9
(3 hrs at 70-80 C)

Teflon liner Chlorine trifluoride Tensile, 104.0% ret (7 d. @ 100 36C
F)

Tensile, 112.8% ret (30 d. @ 100 36C
F)

". .. Elongation. 97.2% ret ( 7 d. @ 36C
"• 100 F)

Elongation, 94.5% ret (30 d. @ 36C
100 F)

Hardness, +7 change (7 d. @ 36C
100 F)

Hardness, +7 change (30 d. @ 36C
100 F)

Teflon tape, Permacel Chlorine trifluoride Unchanged after 1-1/2 hr @ 25 C 9
(Liquid, at 30 C, max.
temp, in Kel-F tube)

Teflon Ethylene oxide Approved for temps to 180 F 3
Teflon FEP FLOX-40 (40%F2 -60%02 ) Class 1, to RT 39

gaseous
Teflon TFE " ".... .. Class 1, to RT 39
Teflon Fluoramine family: Grade 1 5-9

Gaseous
Liquid Grade 1 5-9
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MATERIAL FUEL BEHAVIOR REF

Teflon tape Fluoramine family: Grade 2** 5-9
Gaseous

Liquid Grade 2* 5-9
**Very little data; use sparingly

Teflon Fluorine, gaseous Acceptable at moderate pressures 3, 3A
and low flow rates

Class I to 390 F1 39
Class 4, -,390 F

*Material is pressure sensitive, Class 2 below 390 F and 5-psi pressure. Higher pressures
can be tolerated at RT.

Teflon Fluorine, gaseous Class 1, 390 F** 2
I lass 4, 390 F 2**Material is pressure sensitive

Teflon Fluorine, liquid Grade 3, * 5-10
"Fluorine, gaseous Grade 2"** 5-10

*Not based on test results
***I.Amted use below 3901, 15 psi, Higher

pressures tolerated @0RT.
Teflon, seals Fuels (general) Acceptable for contirnuous use; 16

not sailsfactory where preme-
ability is a consideration.

Teflon, cured 50/50 Fuel blend No discolorat•ion; very slight 15
weight loss

Teflon FEP C.... Cla A - Shore U• increase 6 4, 4B
units (180 d. @ 55-60 F)

.lass B - (270 d. @ 55-60 F) 4, 4B
Class A - (60 d. @ 70-80 F) 4, 4B
Class D - shrinks 15.8%, (30 d. 4B

@ 160 F)
Class A (60 d. @ 70-80 F) 40
Class B (30 d. @ 160 F) 40
Class 1, to 60 F; 39
C:lass 4 at 160 F
C.ass..at.16Retains high ultimate tensile 16

Teflon (TFE) C. . Class A - (270 d. @ 55-60 F) 4B
Class A - (125 d. @ 70-80 F) 4B
Class B - shrinks 4.5%, 7% 4B

tensile loss (30 d. @ 160 F)
Class 1, to 80 F 39
"Class 2, to i60 F 39
Class A (125 d. @ 70 F) 40
Class 8 (30 d. @ 160 F) 40

Teflon filled with asbestos "C" Class 1, to 60 F 39
It 1 .. . . ... 11 Class A (360 d. @ 55-60 F) 4B

Teflon filled ith graphite c. . Class 1, to 60 F 39
11 0. 1. 1 . . . Class A (360 d. @ 55-60 F) 4B

Teflon filled with MOX2  . . . Class 1, to 60 F 39
0 ......... 1 Class A (360 d. @ 55-60 F) 4B

Teflon, TFE-felt 7550 . . . Class B - Fuel discolored (270 4B
d. @ 55-60 F)

Class 2, to 60 F 39
Teflon tape (unsintered) Class A - (1 d. @ 70-80 F) 4B
Teflon 100 50/50 Hydrazine/UDMll Class 1, general service 8

Class 2, limited service 8
Teflon 1 C. . Class 1, general service 8

Class 2, limited service 8
Teflon, 25% glass filled Class 1, general service 8
"Teflon Halogen fluoride family Class 1. Known to ignite. Expose 5-8

gasket to gaseous propellant
before use. Should not be
exposed from metal surface
more than .003-inch

Teflon, CaF2 filled' .. .. . Grade 1 5-8
Teflon HEF-2 Satisfactory 1, 3

"HEF-3 Satisfactory 1, 3
"Helium, gaseous Suitable for use 3,
"HiCal-3 Satisfactory 3" " Cias" 2, no charge @ 130 F 2, 39
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C ) MATERIAL FUEL BEHAVIOR REF

Teflon asbestos packing HiCal-3 Class 3, weight gain at 120 F 2, 39
Teflon TFE, Hybaline A-5 Net % weight change (500 hrs @ 35

50 C) - 0.02

Teflon Hydrazine Sat!sfactory 1, 3
Acceptable 3A
Compatible 23
Compatible for long term appli- 40

cation < 140 F

Teflon 100-X Compatible for long term appli- 40
cation

Compatible 23
Teflon OOX Hydrazine family Grade 1 5-5
Teflon . ." " Grade 1 5-5
Teflon Hydrazine, liquid Class 1, to 140 F 2, 39
Teflon, cured Hydrazine No discoloration; slight weight loss 15
Teflon FLP " Not affected, brief exposure 7

Hydrazine family Grade 1 5-5
Teflon Hydrazine, anhydrous Compatible, Class A, general 8

service
"Hydrazine, hydrate Compatible, Class A, general 8

service
Hydrazine/hydrazine Compatibic. Class A, general 8

nitrate/water service
Teflon, filled with asbestos Hydrazine family Grade 1 5-5
Teflon, filled with graphite . . . Grade 1 5-5
Teflon, filled with molydisulfide Grade 1 5-5
Teflon tape, (unsintered) . . . Grade 2 5-5
Teflon, TFE-felt .. . .Grade 3 5-5
Teflon Hydrazoid B Unaffected, 150 d. at room 31

temperature (Compatuie for
limited service)

Hydrocarbon fuel Satisfactory 1, 3
"Hydrogen, liquid Satisfactory 1, 3, 8, 11

.. Compatible for long term :4ppli- 40
cations

Class I or2 2
Hydrogen: Liquid and Grade 1 5-11

cold gas
Ambient gas Grade 1 5-11

Teflon tape Hydrogen: Liquid and Grade 1* 5-11
cold gas

Ambient gas Grade 1" 5-11
*Not based on test results

Teflon Hydrogen peroxide Long term use 1
S.... .. .. Class , 2, 3 3

Teflon, white Hydrogen peroxide, 90% Class I at 150 F 39
Teflon, glass filled Hydrogen peroxide Class 1, acceptable 8

(concentrated)
Teflon cloth, 25 grade Hydrogen peroxide, 90% Class 3 at 150 F 29

S1.............. . Class"2 at 150 F 39
Teflon cloth, 40 grade Class 3 at 150 F 39
Teflon cloth T-2300 Class 3 at 150 F 39
Teflon cloth T-2305 Class at 150 F 39
Teflon, coating Class 1 at room temperature 39
Teflon, white Hydrogen peroxide Clsu 1, acceptable 8

(concentrated)
Teflon, dispersions .. .... . Class 1, acceptable 8
Teflon, porous (9 micron pore) Hydrogen peroxide, 90% Clsu 2 at 150 F 39
Teflon, cured IRFNA Appeward to shred immediately 15
Teflon Chsu 1, to 75 F 39
Teflon (15 mits) Tensile loss, 700 psi (7 d. @ RT) 34
Teflon (8 mils) Tensile loss, 160 psi (14 d. @

Kr)
Tensile loss, 1100 psi (1 d. @ 34

160 F)
Tensile loss, oW psi (7 d. 160 34

F)
Teflon FEP (P mils) Tensile loss, 240 psi (8 d. 0 RT) 34
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T
Teflon FEP (7 mile) IRFNA Tensile lo(s, 670 psi (14 d. @ RT) 34S. .Tensile loss, 370 psi (21 d. 0 RT) 34

Tensile loss, 570 psi (1 d. @ 160 34
of F)

Tensile loss, 370 psi (7 d. @ 160 34• F)
Teflon (primed; 7.5 mlt) Ten.ile increrase, oOO psi (21 d. 34

@ RT)
Teflon (101 CaF2 ) (P5110) Tensile gain, 100 psi (7 d. @ RT) 34
Teflon (10% CaP2) (P4110) Tensile loss, 340 psi (7 d. @ RT) 34
Teflon (20% CaF2 ) (P1120) " Tensile loss, 202 psi (7 d. @ RT) 34
Teflon (CaF2 -Commercia1) " Tensile loss, 200 psi (7 d. @ RT) 34

Tensile gain, 800 psi (7 d. @ 160 34
F)

Teflon, graphited Tensile loss, 200 psi (7 d. @ RT) 34
Tensile gain, 250 psi (7 d. @ 160 34

F)
Teflon-glass Tensile loss, 150 psi (7 d. @ RT) 34

Tensile gain, 750 psi (7 d. @ 160 34
F)

Teflon JP-X Shore C, loss - 5 (60 min @ 350 F 34
Shore C, loss - 20 (60 min. @ 34

400 F)
Teflon coated Fiberglas Mixed amines No apparent effect (7 d. @ RT) 38
Teflon-costed steel MON* Slight weight increase; no other 14

changes
*Mixed oxides of nitrogen

Teflon, cured MON Bleached white; slight weight gain 15
Teflon Monomethylhydrazine Intermediate 8

Preferred (unspecified 3A
performance)

"Nitric acids, fuming Satisfactory 3
"Nitrogen, liquid Satisfactory 1, 3
"Nitrogen. gaseous Suitable for use 3A

Teflon-backed tape, X-1111 Nitrogen tetrafluoride No visible change in 1/2 hr 1OA
Teflon Nitrogen tetroxide Satisfactory 1, 3, 21

Compatible 30
"Withstands contact, among best 8

""Moderate adhesive failure IOA
"No visible change 10A

Teflon 1 .. Strength and stiffness decrease 10A
slowly.

"Satisfactory 21
"Grade 1 5-7

Teflon 100 Nitrogen tetroxide Strength and stiffness decrease 10A
(Dynamic or static slowly, equilibrium obtained,
extended service) 10-12 d.

Teflon Nitrogen tetroxide Class 1, to 57 F 39
(,,. % moist)

"Nitrogen tetroxide Class 1. 160 F 2
(water, > 0.1%)

"Nitrogen tetroxide Class 1, to 160 F 39
(0.2-1.0% moist)

"Nitrogen tetroxide 3% swell (7 d. 0 RT) 33
(liquid) 7?' swell (21 d. @ RT) 33

Teilon, cured Nitrogen tetroxide Bleached white; slight weight rIn 15
Teflon ...... Tensile. no change (I d. @ RT) 34

'" Tensile. no change (7 d. 0 RT) 34
"Tensile loss. 2400 psi (14 d. 0 34

RT)
" Tensile loss. 700 psi (21 d. * 34

RT)
"Tensile loss. SOO psi (42 d. 0 34

RT)
Teflon FEP 13 mo exposure; absorbed. 7

swelled, no chemical reaction.
Not affected, brief exposure 7
Grade 2 5-7
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MATERIAL FUE L BEHAVIOR REF

Teflon FEP Nitrogen tetroxlde Class A, satisfactory 14A
4% volume increase 16
15% drop in ultimate tensile
Class C (60 F, 30 d.) 4
Class A (67 F, 30 d.) 4
Class A ($0F, 90d.) 4
Class A (160 F, 7 d.) 4
Class A - (30 d. 0 4-67 F) 4B
CIs" A - (7 d. @ 160 F)
Class B - Shore D decrease 8

units (30 d. @ 55-60 F)
Cass D - Shore D decrease 11

units, sample yellow (80 d. @
55-60 F)

Tensile gain, '330 psi (7 d. @ RT) 34
Tensile loss, 970 psi (14 d. @RT) 34
Tensile loss, 570 psi (21 d. @ RT) 34
Tensile gain, 330 psi (42 d. @ RT) 34
Tensile gain, 1830 psi (3 mo. @ 34

RT)
Tensile loss, 670 psi (7 d. @ 160 34

F)
Compatible for long term appli- 40

cations, test temp 70-80 F (less
permeable by nitrogen tetr=Wde
than TFE)

Nitrogen tetrouide. Class A (90 d. @ 70-80 F) 40
liquid Class A (30 d. @ 63-67 F)

Nitrogen tetroxide Class 1, to 160 F 39
(.2% moist) Class 2, to 60 F

Cias 4, to 60 F
Teflon TFE Nitrogen tetroxlde Class B (60 F, 30 d.) 4

Class A (67 F, 30 d.) 4
Class B (80 F, 100 d.) 4S.. ... . .. Clan A - (30 d. @ 63-67 F) 4BSClas 8 - Shore D decrease 6 48

units. sqample slightly yellow(180 d. @ 55-60 F)

... . .Grade 1 5-7
Class A, satisfactory 14A

.. Compatible for long term appli- 40
cation, Test temp 63-67 F
(Nitrogen tetracide premeated
and was absorbed)

Teflfn "' Nitrogen tetroxide. Class B (100 d. @ 70,-0 F) 40
liquid softened

Clas B (30 d. @ 55-60 F) 1 - 3%
moisture. sotened

Tefld '" Nitrogen tetroxide Cass 1. to 75 F 39
( .12% moist) Class . to 60 F 39

Teflon TFE Felt Nitrogen tetromide Satidactory 21
" . Grade 3 5-7

Nitroage tetracude Class 1, to 75 F 39
(,.2% moist) Class 4 at 60 F

Teflon, TFE felt 7550 Nitrogen tetroxide Clas D - sample coming apart 4. 43
(30 d. 9 55-60 F)

Teflon liner Very resistant. bat perm"ble 3A
(30 d, 0 100 F)

.. Tensile. 83% re (7 d. t 100 F) C
Tensile, 120% ret (30 d. 0 100 F) MC

Eloation, W. 8% ret (7 d. 3C
0oo F)

Eloagation, 83.5% Mt (30 d. 6 MC
100 F)... a.. .ess. 0 chnge (7 d. 100 11 MC

Harne.ss. -8 d (o30d. 3C100 F)

Teflon 100. tnaislation Good for $00 F 10. 10A
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MATERIAL FUEL BEHAVIOR REF

Tefon insulation, other grade Nitrogen tetrozide Good for 7007F; short term heat 10, 10A
Tef exposure

Teflon apeirmersio-7

Teflon tape coatint nrbere Clring A" Prtctv 25.@7-8 )4

Tefon slia riedNitrogen tetrozidde Class 1, ato 75 F 30
(.%moist)

Teflon, silic a primd9 Nitrogeni tetrazide Toensile gain,140esiv (42 afte 1034

Tefon-ackd tp, 503MTeraile gadhe140siv fai3r afte 103A

Tefloa-/gld as e, 81201 Lo 30 NorvsbeAo change, (/ hou. OR? 3

Sdhorie Afocangue (21e I. hrT) 3

Tefonfo sldig Yna ncmpaibel(throug swelT) g 24

Teflon Tfile comb gass Niuboge terozid Crompatible fo2og5emap- 4

Teflon wth stee primerostcagion tiibet thnemp 70-8 For0
TfoslcprmdNitrogen tetroxide Class 4, ato 75 F 39

('. 2% moist)
TeflonsFlicw as primed Nitrogen tetroaxide Compaible gi,10ps(4d.@ 30

TeflonillTensileas gain Cas(14.@080 F)t (mo@ 34

Teflonfillewthseeo Shor ClA,10d n 5-6 Fhne( .@R) 34
Coptih ore lopng- term a.p@pli 40

cahone , tnt tepeatnre (2-1 F.@R) 3

2%.2 moist) d @R 3

Teflon filled with clalciu fluorgee t" "i Compatible for long term appli- 40
cation, test temp 70-80 F

Tefonfiledwit C? 2 Nitrogen tetrxide Class 1, to 80 F 39
(< .2% moist)

TeflonkFbega (Ca 2 ) Nitrogen tetromide SCorptbeA.ncare2%sll(. 34

toor A. to chag. Grad 1 347

Teflon with CasF)o Sa11)teisifaclosry0 pl d T 34
Teflon filed0it Casbeto (P-laTnse loe (104ps7 d. @ BR-0 ?) 434

Tefonwih ermis MstCompatible for loagterm apps 40
Teflon, gashiotooNtogdttrz Cleass1,tor 251 3

Clan AU(31d.@RT0-0) 34

@%wU1dPT 34)
Shor sw n hng;3 iell(2 .@) 34

CShot . oss - 1;7%swell 34
uat(31 d. 0 ss-of

-~Sw A. gaa 1-7d ORT - 3.-4in.
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MATERIAL FUEL BEHAVIOR REF

Teflon graphite Nitrogen tetroxide Class 1, to 75 F 39
(<. 2% moist) Class 2, to 60 F

Teflon, molybdenum sulfide Nitrogen tetroxide Satisfactory 21
Teflon filled w/molybdenum disulfide ...... Grade 1 5-7

91 .. ... Class A (60 F, 90 d.) 4
Class B - Shore D decrese 7 4B

units (180 d. @ 55-60 F)
Teflon Mo8 Nitrogen tetroxide Class 1, to 75 F 39

(..2% moist) Class 2, to 60 F
Teflon w/stainless steel Nitrogen tetroxide Most compatible of materials used 28
Teflon Nitrogen trlfluoride Satisfactory in gaseous service 8
Teflon tape "".. ." Satisfactory in gaseous service 8
Teflon Nitrogen trtfu-rlde, Satlf4.6eory fur valve seats, valve 8

gaseous packing, gaskets
Teflon tape . . . . Satisfactory for screwed pipe 8

connections
Teflon, seals Oxidizers (general) Acceptable for continuous service 16
Teflon, virgin Oxgen Spontaneous inition temp - 465 C 42

at 7500 psl; 469 C at 2000 psi

Teflon 100 X Spontaneous ignition temp - 410 C 42
at 7500 pai; 413 C at 2000 pai

Teflon sheet and O-rings Grade 1 5-2
TFE Tape (Mil-T-27730) " Grade 1 5-2
Teflon tape Grade 2 5-2
Teflon 100 FEP Oxygen difluoride Ciass 1, -109 F 39
Teflon 02 [FE .. s.. Clas 2, -109 F 39
Teflon tape Oxygen dlfhaoride: Grade 2 5-13

Liquid
Gaseous Grade 1 5-13

Tef Ion Oxygen/Oxygen difluorkd Class 1, to 212 F 39
130% 02 - 70% OF2 )

OxygeN liquid Suitable a
Satisfactory 1, 3
Impact; 0/20@10 KgM 32

Teflon FEP Impact Insensitive; generally 32
acceptable

Teflon TFE Impact insensitive; generally 32
acceptable

Teflon, FEPI'TFE fabric, metalized Impact; 0/20 @ 10 KgM 32
Teflon and adhesive impact. 2,/3, 2/17 @ 10 KM 3
Teflon'iadhesiveialuminum toil Impact; 2/3 0 10 KIM 32
Teflon and copper Impact 5/40 0 10KgM 32
Teflon and graphite. GN-10-5 Suitable I
Teflon glass cloth Impact 0/30 9 10 KgM 32
Teflon/glass fiber Impart. 2 21 10 NaM 3
Teflon tape (Scotch) Impact; 310. 0/10. 24 , 10 KgM 32
Teflowsillcone adhesive (Scotch Impact; 2/3. 2/2 0 10 KgM 32

electrical adhesive)
Teflon impregnated with silicone Impact; 2t3l 10 KSM 32

rubber
Teflon Peutaborane Compatible 23

Approved for use 3A
Compatible for long term appl- 40

cations
Class I to 75 F 39

"Perchloryl fluoride Satisfactory 3
Perciloryl fhworide. dry Class 2. 3M0 F a
PerchIWorl fluotide. Cila I. to 73 F 30

gpeaao Clas 2. to 360 F
Tefion tape Permacel Perchioryl fluoride Unch•rged afwr hr I h 5 C 9
Teflon Perchloryl Ibsoride Class 3. to as F 25

125' -iorthe
trdlurids (751)

Teflon. CaF filled Claw i. to s. r n
Telon 100 A'EP Prchiloryl nom CLAss . to -l109 3

(SO) ftmfanoorewdra-

Teflon 6TI FE Chis a , to -IGO 395
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MATERIAL F.E L BEHAVIOR REF

Telnn-Propy1 nitrate Satisfactory 1, 3
Teflonm otz RFNA Clas" 1 to 75 F 39
Teflon, otf U-DETA Satisfactory 12
Teflon- costed flberglaU ClO&hSteacoy1
Teflon-cotdw dclt U-DETA (LOAF-4) SatisfactoryI
Teflon UDUR Class 1, excellent I

With reservations I
Satisactory 3

UDNX (vapor) cias" 1, 160 F 2
UDMH (lquid) class 1, 160F 2
UDbff Compatible for long term appli- 40

cation, (1S0 F
Short C, loss- 10 (somin. 0 34

400 F)
Among beat. but unspecified 3A

performance
Tealon, cured No discoloration, very slight 1s

weight Im"
Tefon ECompatible for tong term storm#* 40Teflon FM XIO Class 1. excelleni a

Teflon PEP ('O Teneile loss, 570 psi; Short A, 34Teti= Mloss - 5 (7 d. @ RT?
short C. gain - 10 (60min. @ 34

350 F)
"Sh UortC. pin - 5(60 min @400 34

F)
Teflon-costed steol Slight increase in weight; no other 14

changes
Teflon WFNA SatisfactoryI

Class 2, slight corrosion rate,
so F. limit

Cias" .so.F 2
W FNA, limid class 2. to 80F 39

Tesite UDMR (bluhil Class 4. 75 F 2
Teela Aororise 50 Unsatiaf a-tory 21

1. 5/50 realblond ClasaBsO8(0F. 30 d.) 4
Teslar 30 50/50 Hydrazine UDUNM Class 2. limited service 8

Hydrazlir Tensile gain. 2500 psi (7 d. 0 RT) 34
Teeamr30; Teela40 8tFNA Clas"4 at 75F 39

Teear(2mie)Dissolved (7 d. 0 RT) 34Teslar 3 RMie Dissolved-,gel (7d. 0 R?) 34
Teelar 30 Nitrogen tetroside Tensile loss, 2400 psi (7 d. 0 RT) 34

Tewsl* gain, 25W Pat 14 d. 0 34
RtT)

...... Tensile gain. 1000 psi (21 d. P 34
RT)

Tensile loss. 1000 psi 42 d. '2 34

- - *''Tensile loss. 1000 pei (3 a*. 41 34

... .men"edad. a is0Y) 34
Teslar Gr5*ade r I S-

Cias" D- *ever* 14A
Teelar30 Class A 47 U30 6.) 4

tIDMR Tenksile gain 500 psi (74d. 6 R?) 34
TheelrbbrAmimonia. 94440111 Clas 2, cow 1. 39

Ammonia. Udkdrons Graft 3 S-12

saikaki Grad 3 5. 1I
?WlNW rr. genie gort tldrode gawkily Grade 2 -
Tliobsi var Nydrogen Peerame clam 4 3

-Thiobsi tC403.-LP'2 3W0 FPA "airgm* peroasie. 0% cams 4 at 150 F 39
3000 ST. Inc0 An

TwIaobel rouer 0KMw, 16411id vielst detonuakin 101par Is
Thid g~er PR 1421 (VhS Smti2.-1i6Il) Is

Pbarobsta GPt-4?0 C90141)
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Thiokol rubbers Pentaborane Grade 3 (shork sensitive). 5-6
MaZardtnus 4fnrms Onewk sensittve 22

mutures)
Thiokol LP-3 (polysulffde) U-DLETA Unsatisfactor 12
Thiokol rubber UDMH (liquid) Class 4. 75 F
Thiokol rubber, 3000 St. UDMN Class 4, poor
Tranodlea tubing Hydrogen perude,. 90q Class 4 at 150 F 39
Trichloralluornethylene -

See also "Trithene". "Fluorothne"
Trithene A IRFNA Brittle (7 d. f! RT) 34

Tensile loas. 500 psi (21 d. 0 RT) 34
Teonsle loss, 190 psi 0 d. I0 34

160 F)
Tensile loss. 500 psi (7 d. 0 34

160 F)
JP-X Melted (60 nin. ft 350 F) 34
Mixed amines No app.rfrni effect (7 d. 0 RT) 38
Nitrogen tetroxide Class 2, to 80 F 39

(.. 2% moist)
Nitrogen tetroxide Tensile loss. 1100 psi (I d. It RT) 34

Tensile loss. 2(50 psi (14 d. V 34
RT)

Tensile loss, 3000 psi (21 d. 0 34
RT)

Tensile loss. 1100 psi (42 d. (1 34
RT)

Tensile los. 1400 psi (3 mo. @ 34
RT)

.. Tensile loss. 2900 psi (I d. 0 34
160 F)

Too brittle to test R d. @ 160 F) 34
Class B - Shore C increase 10 4B

mnits. loss in strength 20%
(90 d. 070-S0 F)

Clas D - brttle (7 d. 0 160 F)
Class C %$OF. 90d.) 4

RFNA SUffened and opaque (7 d. 0 RT) 38
"Tyson Flhor-e, gaseous Class 4. RT 39

Flhiorne Liquid Grade 3 5-10
Gaseous Grade 3 5-10

50 SO Fuel biead ClsA 4 at s0 F 39
Tygon R3603 C..ss 4 at 75 F 30
T)g1o K. costing Clas" D - cominlg blistered within 4. 48

1 hr (1i0 F)
Ty"on tubtse HiCal 3 Clasm 4. hardened at 120 F 31
Tyg ydr e Incosall 23

Clan 3. 64 F 2
Hydraxie. liquid Clas 4 at to F 31
""Hydraite. Ahydrous Limited aervirt, Class 8 1
""Hyratime. h)drate Limited senie., Class S 8
"Hdratime )*ydraim i Lmed service. Class 8 e

adtride water
I*FNA Teailte icrease. 105 psi 34

(rtidl (7 d. 0 RT)

Tygm 2107 Hydraoe peruxide Class 4 3
TysOm 3404A aMd 2506 Hyd*1ge[ perowide Clas I limitted service I

(-octralrsted)
Titan 3W048 Htydrage perildie CIAs I 2 l 3 3
Tyson .IK4A an 36048 H1Y4r0 peruaide. 0t Claow I &I150 F 39
Tr•ygapeanw 711TP-ull-dear m.d Class 3 a RT 31

"712$) TP-l107t
"TiJm 8-20. e "-32. -133 at ISO F 39

-.13 8.b 13)6
T",m 5-22-l1. TL-103.•1•0. 3400W . -Orqge. peMOxide. 0 • lm* 4 at 150 F 3

Tvtc itresv totruil Class 2. so F 2
(Woof 0. 1

I ) ,3



MATERIAL FUE L BEHAVIOR REF

S ~T

Tygoo K Nitrogen tetroide Class 4 at 75 F 39
(C. 2% moist)

Tygon Nitrogen tetroide Class 2, to 80 F 39
(0.2-1.0% moist)

"Nitrogen tetrouide Tensile loss, 2560 pet (1 d. @ RT) 34
Tensile loss, 190 0 psi (17 d. @ 34

RT)
Tygon K . . . Grade 3 5-7
Tygon FK, Coating ..... Clans D - Blistered within 20 min 4, 4B

(75 F)
Tygon Nitrogen trifluoride, Satisfactory for lines, fittings,

gaseous storage vessels
"Pentaborane Incompatible 8. 22S.... .. Class 4 at 75 F 39

Tygon K (over Tygon primer) U-DETA Unsatisfactory 12
Tygon. R 3603, U. S. Stoneware UDMH Class 4, poor 8
Tygon UDMH, liquid Class 4, 75 F 2"11 WFNA, liquid Class 4 at 75 F 39
Tylac: 1650; 1640C; 1640D Nitrngen tetroxide Class 4 at 75 F 39

(<. 2% moist)
Tylac 1650; 1640C; 1640D 50/50 Hydrazine/UDMH Clams 3, incompatible 8

U

Ultron IRFNA Tensile loss, 260 psi (7 d. @ RT) 34
Tensile loss, 1160 psi 34

(14 d. @ RT)
Crumbled (7 d. @ 160 F) 34

"NitWogen tetroxide Grade 3 5-7
Class D (80 F, 90 d.) 4
Class D (160 F, 7 d.) 4
Tensile gain, 1770 psi (I d. (k RT) 34
Tensile loss, 168 psi (17 d. @ RT) 34

".. Tensile lose, ý60 psi (21 d. @ RT) 34
Tensile gain, 640 psi (42 d. @ RT) 34
Tacky (3 mo. @ RT) 34
Tensile loss, 760 psi (I d. @ 160 34

Brittle (7 J. @ 160 F) 34
Nitrogen tetroxide Class 2, to 80 F 39

( <. 2% moist) Class 4 at 80 F
Urea formaldehyde RFNA Class 4 at 75 F 39
Urethane* DIPA 19% swell (72 hr @ RT) i3

4% swell (7 d. C RT) 33
2.9% sweil (7 d. @ 160 F) 33

*Affected propellant stabi ty excessively

Urethane elastomer -
See also "Adlprene", "Cnemigum'",
"Disogrin,

-V
Veloform Hydrazine family Grade 3 5-5

"Hydrazine, anhydrous Incompatible, Class C 8
9' Hydrazine hydrate Incompatible, Class C 8

Hydrazine/hydrazine Incompatible, Class C 8
nitrate/water

Velumoid, seals Boron hydride family Grade 1 5-6
Vicon Hydrogen peroxide Class 2, limited service 8

(concentrated)
Vinachrome: normal application U-DETA Unsatisfactory 12

baked " Satisfactory 12
Vinylkote Liquid oxygen Impact; 2/6 @ 10 KgM 32
Vinyl - See also "Vinylite"

74

"1,- --- o , . ..



I.-

MATERIAL FUEL BEHAVIOR REFV _

Vinyl film - See also "Ultron"
Vinyl copolymers Ammonia, anhydrous Class 2, limited service 8

(moist ambient temp)
Ammonia, anhydrous Class 2, limited service 8

(dry, ambient temp)

Vinyl copolymers Ammonia, gaseous Class 2, to Hot 2, 39
Ammonia, liquid Class 2, to Hot 2, 39
Ammonia, anhydrous: C'ade 1 5-12

Liquid
Gase (< 250 F) Grade 1 5-12

Vinyl cc.,ting 50/50 Fuel blend Cladd D - blistered (30 d. @ 4, 4B
55-60 F)

Vinyl Hydrocarbon fuel Satisfactory 1, 3
Vinyl 29139 Hydrogc.t peroxide Class 2, limited service 8

(concentrated)
Vinyl 79139 Hydrogen peroxide, 90% Class 3 at 150 F 39
Vinyl-coated Fiberglas (gray-green) ...... Class 3 at 150 F 39
Vinyl, plasticised IRFNA - Tensile loss, 1710 psi (7 d. @ RT) 34
Vinyl, coating Nitrogen tetroxide Class D - blistered immediately 4, 4B

(30 d. @ 55-60 F)
VIyl paint Nitrogen tetroxide, Class C (30 d. @ 55-60 F) 40

liquid blistered
Vinyl, seals Nitrogen tetraoide Grade 3 5-7
Vinyl .. .. Tens'le gain, 1180 ptA (1 d. @ RT) 34

: ........ Tensile ga•n, 1640 psi (7 d. @ RT) 34
Nitrogen tetroxide Claps 4 at 60 F 39

(, .2% moist)
Vinyl, high-built (protective coating) Oxidizers (general) Exceptionally compatible 16
Vinyl tubing Oxygen, liquid Impact; 2/8 @ 10 KgM 32
Vinyl resin tubing Very sensitive, impact (21/30) 18
Vinyl tubing, high temperature Very sensitive, impact (10/10) 18
Vinyl plastic tubing . . . Slightly sensitive, impact (1/7) 18

Moderate detonation, impact 18
Vinyl screening, Velon. .. .. Sensitive, impact (5/10) 18
Vinyl sealing compound .. .. Violent detonation, impact 18
Vinyl covered nylon Impact; 2/8 @ 10 KgM 32
Vinyl ,nastic, coating RFNA Class 1, to 75 F 39
Vinyl polymer UDMH (liquid) C Class 4, 75 F 2
Vinyl mastic WFNA Class 4, unacceptable, all temps 2, 8, 39
Vinyl acetate Nitrogen tetroxide Decomposed, brief exposure 7
Vinyl alcohol resins RFNA Class 4 at 75 F 39
Vinyl butyral resins RFNA Class 4 at 75 F 39
Vinyl chloride tape, transparent Oxygen, liquid Very sensitive, impact (10/10) 18

Fibron #3
Vinyl chloride (at 40) Insensitive, impact (0/10) 18
Vinyl chloride (at 50) Sensitive, im.•,ct (7/1.0) 18
Vinyl chloride, coating RFNA Class 4 at 75 F 39
Vinyl chlýýrlde resins Class 3, to 75 F 39
Vinyl-chloride-acetate Class 3, to 75 F 39
Vinyl formal resins Class 4 at 75 F 39
Vinyl rubbers Oxygen, liquid impact; 2/20 A 10 KgM 32
Vinylidene chloride Ammonia, gase.us Class 3, to Cold 2, 39

Ammonia, liquid Class 3, to Cold 2, 39
Arhydrous ammonia: Grade 3 5-12

Liquid
Gaseous (< 250 F) Grade 3 3-12

Vinylidene chloride (at 60) Oxygen, liquid Insensitive, impact 0/10) 18
Vinylidene chloride (at 70) . . Slightly sensitive, impact (1/IL 18
Vinylideno chloride, coating RFNA Class 4 at 75 F 39
Vinylidene chloride resins Class 3, to 75 F 39
Vinyvidene fluoride, Kynar Aerozine 50 (Dynamic No siginificant change (90 d. @ 10A

or static extendee 75 F)
service)

vinylidene fluoride (Kynar) Nitrogen te~r,.ide No significant change (90 d. 0 10A
75 F)

Vinylid;ne fluoride Class A (90 d. @ 70-80 F) 4B
Vinylidene fluoride Oxygen, liquid Insensitive, impact; 0/10 A 10 32

7gM
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MATERIAL FUEL BIhHAVIOR REFV
• Vtnayildene flumorde/chlor otrithuxro-

ethylene - See also "'3l-F Elastomei
S3100-, "K Fl- Elastomer 5500"

SVinylld fluorlde/hexaflhoropropy-
les - See also "Vitos", "Fk'orel"

VbViklw fhuoride-hexafluoropropy- Nitrogen tetrozide Insensitive, impact (70 ft lb, 0/20) 37

Oxygen, gaseous Insensitive, impact (70 ft lb, 0/20) 37
Oxygen, liquil Insensitive, impact (70 ft lb, 0/20) 37

Vinybdene plastics, seals Boron hydride family Grade 3 5-6
Vinylite Aniline Satls! actory 3

"Hydrazine, liquid Class 2, to 75 F 2, 39
Hydrazine, anhydrous Limited service, Class B 8
Hydrazine hydrate Limited service, Class B 8
Hydrazine/hydrazine Limited service, Class B 8

nitrate/water
Hydrogen peroxide Class 3 3

Vinylite VG 1914 Hydrogen peroxide Class 2, limited service 8
(concentrated)

Vinylite VU 1940 " .. ". Class 3, very limited service 8
Vinylite VU 1900 It" .. Class 3, ver-, limited service 8
Vinylite VG 1914 and VU 1940 Hydrogen peroxide, 90% Class 2 at 150 - 39
Vinylite: VS 1310; VU 1900; UE 1907; .. .. . Class 3 at 150 F 39

VU 1920; VU1930; VU 1940
Vtnyllte UDMH (liquid or vapor) Class 4, 32 F 2

" WFNA, liquid Class 4 at 75 F 39
Vistanex Hydrocarbon fuel UnsatIsfactory 3

" UDMH (liquid) Class 4, 80 F 2
Vistanex-polyethylene coated vinyon Mixed amines No apparent effect (7 d. @ RT) 38

cloth
Viton A Aerozine 50 Unsatisfactory 21
Viton B . .. Unsatisfactory 21
Viton A and B Boron hydride family Grade 1 5-6
Viton A and B Chlorine trifluoride Promising compatihility 26
Vtton . . . Compatible for at least 30 19

minutes, RT
Promising for contact; avoid 25

compounding ingredients which
may react

Viton A . . . Class C, incompatible, reacts 8
violently

Viton B .. .. Promising compatibility 26
Viton A* DIPA 21% swell (72 hrs @ RT) 33

4% swell (7 d. @ RT) 33
70% swell (8 d. @ 160 F) 33

*Affected propellant stabi Lity excessively

Viton resins Fluorine (gaseous) Satisfactory at low or moderate 3
pressure

Viton A and B 50/50 Fuel blend Class 4 at 60 F 39
Viton A - 247M and 44-11 A-35 .. .... Class 4 at 85 F 39
Viton A and B 50/50 Hydrazlne/UDMH Class 3, incompatible 8
Viton A Halogen fluoride family Grade 3 5-8

"Hydrazine Incompatible 23
"Hydrauine family Grade 3 5-5

Viton 4411A-58 HiCal 3 Class 2, no change @ 120 F 39
Viton A 945-70 (P & R) Hydrazine/MMHi/water Complete deterioration in 2 to 3 14

fuel blend (4:1:1) days
Viton 920-70 (Parko) .. . . . Complete deterioration in 2 to 3 14

days
Viton 17107 (Precision Rubber Co) Complete deterioration in 2 to 3 14

days
Viton Hydrogen peroxide Class 2, 3 3
Viton A . Shore A, loss - 2; volume swell 34

none (7 d. @ RT)
Viton A (41 1A4) (black) Hydrogen peroxide, 90% Class 3 @ 150 F 39
Viton A (V2717) Hydrogen peroxide Class 3 Very limited service 8

(concentrated)
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MATERIAL FUEL BEHAVIOR REFV
Viton B (LD 234) Hydrogen peroxide Shore A, no change; volume swell, 34

none (7 d. @ RT)
Viton 5 805 Hydrogen peroxide Class 3, Very limited service 8

(concentrated) (not > 120 F)
Viton A - HV Hydrogen peroxide Shore A, no change; volume swell 34

none (7 d. @ RT)
Viton A - HV Hydrogen peroxide (3.2% No swell (7 d. @ RT) 33

active oxygen less)
IRFNA Class 4 at 75 F 39

Shore A loss - 12; 91% swell 34
(7 d. d RT)

Viton B, LD-234 Shore A, loss - 0 to 40; 15% to 34
48% swell (7 d. @ RT)

Shore A, loss - 20; 59% swell 34
(14 d. @ RT)

Viton B Nitrogen tetrafluoride Promislng compatibility 26
Viton A and B Nitrogen tetroxide Unsatisfactory 21

Nitrogen tetroxide Class 4 at 60 F 39
(<. 2% moist)

Viton A Nitrogen tetroxide Compatible 30
S.... .. .. 186% to 641% swell in 1 d. 19

Viton B Compatibie ' - 30
. ." 238% swell in 1 d.; one composi- 19

tion disintegrated
Viton 200% volume Increase; rapid & 16

large drop in ultimate tensile
High swell but good retention of 25

properties
Viton-type sealant (RT curing . . . Satisfactory, 1000 hrs. @ 500 F; 41

compound, with 80 to 85% solids) satisfactory, 500 hrs. @ 550 F
Viton A (virgir) Oxygen Spontaneous ignition temp - 300 42

C, at 7500 psi; 310 at 2000 psi
Viton B (virgin) Spontaneous ignition temp - 316 42

C at 7500 psi; 325 C at 2000 psi
Viton Oxygen, liquid Insensitive, impact (0/10, 40 ft 33

lb);
Very slightly sensitive, impact 33

(1/10, 50 ft lb)
Viton A Insensitive, impact; 0/20 @ 10 32

KgM
Insensitive, impact (0/20) 18

Viton A on glass . . . Impact; 2/2 @ 10 KgM 32
Viton A on Dacron . . . Impact; 2/2 @ 10 KgM 32
Viton A elastomer . . . Impact; 0-4/20@ 10 KgM 32
Viton A with Teflon . . . Impact; 2/7 @ 10 KgM 32
Viton, Viton A Pentaborane Compatible for long term appll- 40

cations
VitGn . Class 1, to 75 F 39
Vitc,n, Viton A ....- Compatible 8
Viton, Viton A Compatible 22
Viton A . Class 1, to 75 F 39
Viton A and B Approved for use 3A
Viton B Perchloryl fluoride- Promising compatibility 26
Viton FaIrprene 84-001 U-DETA (MAF-4) Unsatisfactory 8

X

Xylene glycol polyether Perchloryl fluoride, Class 4 at 80 F 39
gaseous

Perchloryl fluoride Clas 4 at 80 F 2
(dry)
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SECTION 4. REFERENCES

1. Plastics Technical Evaluation Center

SUGGESTED -PLASTIC MATERIALS FOR USE WITH LIQUID PRO-
PELLANTS AND RELATED MATERIALS. Inquiry report, unnum-
bered, by Norman E. Beach, October 1961.

IDENTIFICATION OF MATERIALS; Not specific.

BASIS OF EVALUATION: Generalized statements based on source
evaluations.

REMARKS: Early work, which evolved into this report.

2. Defense Metals Information Center, Battelle Memorial Institute

COMPATIBILITY OF ROCKET PROPELLANTS WITH MATERIALS
OF CONSTRUCTION. DMIC Memorandum 65, 15 Sept 1960
OTS PB 16125

REMARKS: See reference 39, this report.

3. Office of the Director of Defense Research and Engineering

THE HANDLING AND STORAGE OF LIQUID PROPELLANTS,
March 1961

IDENTIFICATION OF MATERIALS: None specific (generic or
trade names)

BASIS OF EVALUATION: Most frequently, those materials are
listed which are acceptable, preferred, or hazardous to use. Some
are classified according to the following:

Class 1: Materials which are highly compatible and can be used
for long-time contact. Typical uses for a material of this class would
be in constructing long-time storage containers, tank cars or drums.

"S. 78
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REF

3. (Continued)

Class 2: Usable in repeated short-time contact. The time of
the limited contact should not exceed 4 hours at 160°F or 1 week at
700F. Typical uses for materials a this class would be in valves and
pumps in a peroxide-transfer line or in high-pressure storage tanks.

Class 3: TheF(n materials should be used oaly for short-time
contact. They can be used for repeated contact, but no one period
should exceed I minute at 160°F or 1 hour at 70OF prior to its im-
mediate use. These materials might contaminate the solution enough
to render it unsuitable for storage.

Class 4: These materials are not recommended for any use.
They cause the chemical to decompose rapidly, are quickly attacked
by it or form explosive mixtures with it.

REMARKS: This manual is published for information. It is inten-
ded that it can be used as a basis for the preparation of regulations
governing the handling and storage of liquid propellants.

3A Office of the Director of Defense Research and Engineering

THE HANDLING AND STORAGE OF IJQUID PROPELLANTS,
January 1963

4. Air Force Flight Test Center, Edwards Air Force Base, Calif

TITAN II STORABLE PROPELLANT HANDBOOK, Final Handbook,
June 1961. AFFTC TR-61-32. Prepared by Bell Aerosystems
Company; R. R. Liberto, author. Contract AF 04(611)-6079. Re-
port No. 8111-933003.

IDENTIFICATION OF MATERIALS: Available specific identification
given at citation in Section 3. (See also Appendix A, for identifi-
cation of trade names.)
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REF

4. (Continued)
BASIS OF EVALUATION:

Class A: Satisfactory for service under conditions indicated.

Class B: Use with knowledge that it will swell or shrink and/or change
in hardness.

Class C: Satisfactory for ground support where preventative mainte-
nance can be scheduled. Also good for actual missile service
where slight discoloration of propellant and extracted residue
is tolerable.

Class D: Unsatisfactory for use.

REMARKS: Summarized are the physical properties, materials com-
patibility, handling techniques, flammability and explo-
sivity, and procedures for storing, cleaning, and flushing
of the Titan n propellants, N20 4 as the oxidizer and a
nominal 50/50 blend of UDMH and N2H4 as the fuel. The
data presented was derived both from a literature survey
and from a test program

Air Force Ballistic Systems Division, Los Angeles
(Also) --------------------------------------------- Revision A, March

1962. AFBSD- TR-62-2. Contract AF 04(694)-72

4A Air Force Ballistic Systems Division, Los Angeles
- ------------------------------------------ Revision B, March
1963. AFBSD-TR-62-2. Contract AF 04(694)-72

5. Rocket Research Laboratories, Edwards, California

COMPATIBILITY OF MATERIALS ...... Technical instructions,
RRL TI No. 4-2-1 to RRL TI No. 4-2-13, as follows:

$-I COMPATIBILITY OF MATERIALS - GENERAL; RRL TI No. 4-2-1,
I Junm ! "t

5-2 COMPATIBILITY OF MATERIALS WITH OXYGEN; RRL TI No.
4-2-2, 4 June 1962

5-3 COMPATIBILITY OF MATERIALS WITH PETROLEUM FUELS;
RRL TI No. 4-2-3, 4 June 1962

so
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REF
5-4 COMPATIBILITY OF MATERIALS WITH INERT GASES AND LIQ-

UIDS; RRL TI No. 4-2-4, 4 June 1962
5-5 COMPATIBILITY OF MATERIALS WITH HYDRAZINE FAMILY;

RRL TI No. 4-2-5, 4 June 1962
5-6 COMPATIBILITY OF MATERIALS WITH BORON HYDRIDE FAMILY;

RRL TI No. 4-2-6, 4 June 1962
5-7 COMPATIBILITY OF MATERIALS WITH NITROGEN TETROXIDE;

RRL TI No. 4-2-7, 22 June 1962
5-8 COMPATIBILITY OF MATERIALS WITH HALOGEN FLUORIDE

FAMILY; RRL TI No. 4-2-8
5-9 COMPATIBILITY OF MATERIALS WITH FLUOROAMINE FAMILY;

RRL TI No. 1-2-9, 22 June 1962, TENTATIVE
5-10 COMPATIBILITY OF MATERIALS WITH FLUORINE; RRL TI No.

4-2-10, 22 June 1962, TENTATIVE
5-11 COMPATIBILITY OF UMATTfWITH HYDROGEN; RRL TI No.

4-2-11, 22 June 1962, TENTATIVE
5-12 COMPATIBILITY OF MAXTRIALSWITH ANHYDROUS AMMONIA,

RRL TI No. 4-2-12, 22 June 1962
5-13 COMPATIBILITY OF MATERIALS WITH OXYGEN DIFLUORIDE,

RRL TI No. 4-2-13, 22 June 1962, TENTATIVE

IDENTIFICATION OF MATERIALS: General references only,
usually; some specific trade materials identified by number and
trade-name.

BASIS OF EVALUATION: By a grading system, as follows:

Grade 1. Suitable for general use
Grade 2. Suitable for limited use
Grade 3. Not suitable for use

REMARKS: Selection of materials for use with particular propel-
lants presents a very grave problem. Improper selection of a
material can easily result in a catastrophe. As more types of
propellants are used concurrently, the problem becomes more
difficult to control; therefore, only approved materials shall be
used. This directive is NOT intended to restrict the engineering
selection of new materials for use in development hardware but
only to assure adequate control over materials to be selected and
used on Rocket Research Laboratories in-house test projects.
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REF
"5-. Back, A. L. (Catalytic Construction Company, Philadelphia)

"Rubber and plastics for process plants", in MECHANICAL ENGI-
NEERING, October 1963, p. 47-50

IDENTIFICATION OF MATERIALS: No specific materials mentioned;
information on generic families.

BASIS OF EVALUATION: General statements of how used and
chemical resistance.

REMARKS: Tables are excellent for general reference.

7. G.T. Schjeldahl Company

EVALUATION OF THE COMPATIBILITY OF POLYVINYLIDENE
FLUORIDE (KYNAR) WITH STORABLE LIQUID PROPELLANTS
(NITROGEN TETROXIDE AND HYDRAZINE), by H. J. Fick. Pre-
pared for Jet Propulsion Laboratory, Contract No. N1-120421,
30 January 1963.

IDENTIFICATION OF MAIERIALS: Polyvinylidene fluoride available
as Kynar from Pennsalt Chemical Company. Other materials not
specifically identified.

BASIS OF EVALUATION: Statement of physical characteristics
after storage. No adjectival evaluation, as such. The performance
of the Kynar was considered to be equivalent or superior to that of
Teflon FEP.

REMARK•S: The objective of this contract was the evaluation of
polymeric materials potentially usable to construct expulsion mem-
branes for storable liquid propellants such as nitrogen tetroxide and

el hydrazine.
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REF
1. Liquid Propellant Information Agency (now Chemical Propulsion Informa-

tion Agency)

LIQUID PROPELLANT MANUAL, LPIA-LPM-1, prepared by indi-
vidual units during 1961. (Confidential segments not cited or ab-
stracted here).

IDENTIFICATION OF MATERIALS: As cited herein.

BASIS OF EVALUATION: Varied according to contributor; but cita-
tions include adjective ratings.

REMARKS: This is a summarization of otherwise completed and
reported work.

9. Aeronautical Systems Division, Wright-Patterson Air Force Base

THE COMPATIBILIrY OF MATERIALS WITH CHLORINE TRI-
FLUORITnE, PERCHLORYL FLUORIDE AND MIXTURES OF THESE.
WADDTechnical Report 61-54, April 1961. Work by Penssalt Chemi-
cals Corporation: authors: J.C. Grigger and H.C. Miller, Contract:
AF 33(616)-6796

IDENTIFICATION OF MATERIALS:
Polytetrafluoroethylene (Teflon) -------- The Garlock Packing Co.
Teflon, CaF2-flled (25-350) ------------- The Garlock Packing Co.
Po!ychlorotr~luoroethylene (Kel-F) ------- Walter B. Gallagher Co.,

Conshohocken, Pa.

BASIS OF EVALUATION: Weight loss; in terms of change.

REMARKS: This report contains a literature survey. All fluorinated
plastics showed weight #,ains on exposure to each of the three test
liquids. The observeW. slow release of this absorbed chlorine tri-
fluoride and perchtoryl fluoride could present a corrosion problem
for equipment with Teflon or Kel-F packings, gaskets, etc, durlng
standby or atmospheric exposure periods.
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REF
D-T. Aerojet-General Corporation, Sacramento

STORABLE LIQUID PROPELLANTS, NITROGEN TETROXIDE AND
AEROZINE 50, Report No. LRP 198, Revision B, October 1960

IDENTIFICATION OF MATERIALS:

Zytel 101;31;63; duPont, Wilmington
Teflon 100; 1; w/steel primer
Marlex 50 Phillips Chemical Co., Bartlesville, Okla
Pro- Fax;Penton Hercules Powder Co., Wilmington
Butyl elastomer: 823-70: Plastics and Rubber Products Co., L. A.
805-70
Butyl elastomer: 9257 and 9357 Precision Rubber Products Co., Dayton
Butyl elastomer: B480-7 Parker Seal Co., L.A.
Butyl elastomer: 1357 Goshen Rubber Co., Goshen, Ind.
Neoprene N-250 Gates Ei,,neering Co., Wilmington
Epoxy: EC-1469; EC-1470; 3M Compiny, St. Paul
EC- 1595; EC- 1596
Phenolic: 37- 9X U.S. Rubber Co., L.A.
Epoxy: Epon VI w/A; Vm w/A; Shell Chemical Co., SF
Epon 1031/BF 3 (Novalac type)
Silicone:

Q-3-0121; DC 936, electrical bow Corning Corporation, Midland
varnish and DC 994, electri-
cal varnish; and LS-531
fluorosilicone elastomer

Mystik 7402-96272;759181- Mystic Adhesive Products, Inc. Chicago
PP785; 7503
Phenolic: SC 1008 Monsanto Chemical Co., St. Louis
Phenolic: F-120-55 Reinwold Engineering and Plastics Co.

Norwalk
Kel-F 300; 500; 500E 3M Company, St. Paul
Butyl- Phenolic elastomers:
XB-1235-10 Parker Seal Co.. L.A.

Fluorosilicone elastomers:
1400-75;LS-53 Base: 58789- Hadbar Inc., Rosemead. Calif
t3HT; Shore 40

Phenolic adhesive; Travarno Coast Manufacturing and Supply Company
F-120 Livermore
Silicone: RTV 60 General Electric Co.. Pittsfield
Tapes, aluminum backed: 3M Company, St. Paul
Y940; 425; Polyethylene
backed: 480: Teflon backed:
XNI. 549; SL 28011, Lot 36:
lead foil backed: 420
Phenolic-Epoxy-SIIicon: Products Techniques, Inc. Compton Calif.
PT20IG
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REF
1". (Continued)

BASIS FOR EVALUATION: Change in physical properties and
characteristics after immersion.

REMARKS: No general remarks.

10A. STORABLE LIQUID PROPELLANTS, NITROGEN TETROXIDE AND
AEROZINE 50. Report No. LRPI98, Second Edition, June 1962.

IDENTIFICATION OF MATERIALS: Included in citation of Ref 10,
preceding, except:

Kynar Pennsalt Chemicals Corporation, Phila.
Epoxy: EC-1630 3M Company, St. Pal
Epoxy filler and cement W.J. Ruscoe Company, Akron
Epoxy: 4-184. 5-100-h: Shell Chemical Company, S.F.
8-31; 929
Epoxy, modified: Epon 422; Shell Chemical Company. S. F.
YP-100
Silicon: QZ-8-09035 Dow Corning Corporation, Midland
Tape, teflon-backed: 7503

BASIS FOR EVALUATION: Same as reference No. 10A, except from
longer exposure time.

REMARKS: This report is a continuation of Relerence 10.

11. Arthur D. Little. Incorporsed

HYDROGEN HANDBOOK: A COMPILATION OF PROPERTIES. HAN-
DUNG A..11) TESTING PROCEDURES. COMPATIBILITY WITH MA-
TERIALS. AND BEHAVIOR AT LOW TEMPERATURES. AFFTC TR-
60-19. April 1960. Under contract with Parker Aircraft Co. Pre-
pared for Air Fbrce Flight Test Center: Contract AF 33(616)-6710.
AD 242 285.
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REF
1•. (Continued)

IDENTIFICATION OF MATERIALS: None.

BASIS OF EVALUATION: None; general statements.

REMARKS: None.

12. Army Ballistic Missile Agency, Redstone

STUDIES ON U-DETA, by W.A. Riehl. ABMA Report RP-TR-2-60,
7 October 1960. Prepared by Engineering Materials Branch, George
C. Marshall Space Flight Center, NASA, Huntsville.

IDENTIFICATION OF MATERIALS: Not formally or specifically
identified.

BASIS FOR EVALUATION: From reported work and actual experi-
ences.

REMARKS: U-DETA is a liquid composed of 60% (by weight) unsym-
metrikal dimethylhydrazine (UDMH) in diethylene triamine (DETA).
This particular blend was used as the fuel in some of the Jupiter-C
special mission missiles. The density and viscosity of this propel-
lant were sufficiently similar to that of the alcohol-water fuel of the
Redstone missile to permit substitution in the same propulsion hard-
ware without appreciable redesign or modification. The report cited
is a summary of the research and development studies which were
done in order to provide a basis for safe and reliable use of U-DETA
as a rocket propellant.

,'s 13. Defense Metals Information Center, Battelle Memorial Institute

COMPATIBILITY OF PROPELLANTS 113 AND 114B2 WITH AERO-
SPACE STRUCTURAL MATERIALS. DMIC Memorandum 151, 27
April 1962
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13. (Continued)

IDENTIFICATION OF MATERIALS:

Propellant 113 - 1. 1, 2-trichlorotrifluoroethane
Propellant 114B2 - 1, 2-dibromotetrafluoroethane
Source of other materials not identified.

BASIS OF EVALUATION: Reported as change in physical properties:
size and weight

REMARKS: The plastics were measured and weighed before exposure
for one week. Immediately on removing the plastic from the solvent,
the measurements were redetermined. Two weeks later, the plastics
were again measured to determine ýwhat permanent change had re-
sulted from the 1-week exposure.

14. Bell Aerosystems Company

COMPILATION OF MATERIALS COMPATIBILITY TEST DATA WITH
PROPELLANTS, by A.M. Gritzmacher. Report No. 2084-939-001,
December 1962. Published and distributed under Contract AF 33(637)-
8555

IDFN• 71IFICATION OF MATERIALS:

Kel- F 5500
Precision Rubber Products Corporation, compound 18007
KX-2141 elastomer; Chemical Division of 3M Company (Fluorel
compound)
Precision Rubber Compounds 18007, 18057, 940x559
Opalon; Monsanto: compounds 1219, 1220 and 1444
Teslar 30 - duPont
Kynar - 1ennsalt
Rubatex, R-310V. polyvinyl chloride rubber
Ensolite, polyvinyl chloride rubber
Polyethylene foam - Dow Chemical Company
Viton A - Plastic and Rubber - Compound no. 945-70
Titon - Plastics Products Co. (Parco) - Compound no. 920-70
Butyl - Plastics Products Co. (Parco) - Compound no. 838-80
Viton - Precision Rubber Co. - Compound no. 17107
Silico'ne - Precision Rubber Co. - Compound no. 11536
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REF
-- 4. (Continued)

BASIS OF EVALUATION: Varied as to source.

REMARKS: This report is a compilation of interdepartmental com-
rmunications containing materials compatibility information.

14A. Bell Aerosystems Company

SUMMARY OF MATERIALS COMPATIBILITY WITH NITROGEN
TETROXIDE, by A.E. Pepe. Report No. 8133-90200 Revision A,
October 1962. Published and distributed under Contract AF 33(657)-
8555

IDENTIFICATION OF MATERIALS: As cited.

BASIS OF EVALUATION: Materials with A rating are suitable for un-
restricted use; a B rating indicates suitability for restricted appli-
cations; a C rating indicates limited resistance to corrosion; and a
D rating is assigned to materials not recommended for use.

Rating: Class A* Class B Class C Class D

Volume change% o0 to +25 -10 to +25 -10 to +25 <-10 or> +25
Charnge in duro- +3 +10 + 10 < -10 or> +10
meter reading
Effect on Propellant None None Slight Severe
Visual Examination No change No change Slight Dissolved,

change blistered or
cracked

* A 25 percent volume swell is not considered detrimental for a static
seal, particularly when it is partially enclosed. However, materials
which exhibit greater than 10 percent volume swell may cause excessive
increases in frictional resistance or binding when used for dynamic seals.

REMARKS: An extensive survey of literature, laboratory results, and
test data was conducted. On the basis of this survey, the specific

¶ characteristics of each material were defined and a compatibility
rating is assigned to each.
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15. Bell Aerosystems-Company

ANALYTICAL CHEMISTRY, by Peter Yin and W. L. Clark. Report
No. BLR 62-20 (C) Revision A, April 1963. Published and distributed
under Contract AF 33(657)-8555

IDENTIFICATION OF MATERIALS: Teflon - Knowlton 071962-A-6;
Dacron

BASIS OF EVALUATION: Physical appearance of material and of fluid
propellant; weight loss.

REMARKS: None

16. Berman, L.D. (The Martin Company)

"Compatibility of materials with storab le propellants", in PROCEED-
INGS OF THE FOURTH NATIONAL SAMPE SYMPOSIUMS ON
MATERIALS COMPATIBILITY AND CONTAMINATION CONTROL
PROCESSES, Hollywood, November 1962, p. 1 ff.

IDENTIFICATION OF MATERIALS: None (general discussion)

BASIS OF EVALUATION: Change in ultimate tensile strength; also
general discussion.

REMARKS: A comprehensive summary of the compatibility of materi-
als with amine fuels and nitrogen tetroxide is presented. This paper
discusses the development of criteria and environments, formulation
of test procedures for long- and short-term exposure, decontami-
nation procedures, and data applicable to the compatibility of metals,
nonmetallics, finishes, lubricants, and sealing systems for both air-
borne and ground equipment.
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REF5 --1. Douglas Aircraft Company, Inc.

BEHAVIOR OF PLASTICS IN LIQUID OXYGEN, by L. Freeman. Ma-

terials and Process Engineering Laboratory Report MP 1130, 8-1-56.

IDENTIFICATION OF MATERIALS:

Mylar film, 2 mil, Ernest W. Dorn Co., LA
Mylar film, 2 mil, aluminum-faced; Henry M. Gibbel Co., LA
Mylar tape, Permacel 254, Permacel Tape Corporation, New
Brunswick, N. J.
Mylar tape, Permacel 252, Permacel Tape Corporation, New
Brunswick, N. J.
Mylar tape, #427, 2 mil. 3M Company, St.Paul
Mylar tape, Mystic Tape PP278, 2 mil; Mystic Adhesive Products,
Chicago
Mylar film, 5 mil backed with fiberglass; Arvey Corporation,
Jefferson City, N. J.
Polyvinyl chloride film, UV-1900, 8 mil; Bakelite Corporation, LA
Pclyethylene film, 8 mil; Polyfab Company, LA
Polyester web, X-1053, 7 mil; 3M Company, St. Paul
Polyamide resin, Polyamide 115; General Mills Company, Minneapolis
Epoxide adhesive, Epon VI; Shell Chemical Company, LA
Sealant #718, thiokol type; Coast Pro-Seal Company, LA
Epoxide resin, Epon 828; Shell Chemical Company, LA

BASIS OF EVALUATION: Impact and bending tests performed after
immersion in liquid oxygen. Physical change noted; also detonation
or shattering characteristics.

REMARKS: None

18. Convair Astronautics; Division of General Dynamics Corporation

PROPERTIES OF ORGANIC MATERIALS AT LOW TEMPERATURE,
INCLUDING COMPATIBILITY WITH LIQUID OXYGEN, by J. F. Watson.
Report No. MRG-80, 19 June 1959

9
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REF

-8. (Continued)

IDENTIFICATION OF MATEiALS: (Selected)

Kel- F Kellogg Company
HiTemp A, bondable Teflon HiTemp Wires, Inc.
insulation

Orange Teflon inpulation HiTemp Wires, Inc.
Revere Teflon wir-- insulation Revere Corporation of America
Silicone resin on klass cloth Connecticut Hard Rubber
Vinyl chloride tape, Fii•ron Irvington Varnish and Insulator Co.
Scotchkote;Scotchcast 3M Company
Fiberglas hlanket with binder Owens Corning
Teflon impregnated glass tape Jacklin Mfg. Company
Teflon impregnated ilberglas Packard Electric Division
braid

Vinyl resin tubing William Brand Company
Polyurc bane foam Smith Products, L'ic.
Permalite Perlite Division, the Whitmore Co.
Sabtocel Monsanto Chemical Company
Styrofoam Dow Chemical Company
Thermobestos Johns- Manville
Stafoam 304; urethane American Latex
Glyptol General Electric Company
Fosterite insulation coating Westinghouse Company
Silicon paint on asbestos Dow Corning
Nylon duPont
Polyethylene Plax Corporation
Polyethylene film Eckel Corporation
Teflon duPont
Kel- F base elastomer, SR24270 Stillman Rubber Complny
Silastic base elastomer, Stillman Rubber Compaqy
TH 1057
Fluran J- 10 U.S. Stoneware
Neoprene duPont
Penton Hercules Powder Company
Hypalon duPont
Polystyrene Dow Chemical Company
Aluminum-Mylar laminate Milam Electric Mfg.
Asbestos phenolics Raybestos- Manhattan
Cellulose Melamine Olympia Plastics
Silastic RTV 501 Dow Corning
Nylon inserts Cannon
Laminated phenolic nylon sheet Continental Diamond Company
Molded phenolic American Reinforced Plastics
Vinyl screening, Velon Firestone
Melamine Amphenol Company
Laminae 4128 American Cyanamid
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REF
--R. (Continued)

IDENTIFICATION OF MATERIALS: (Cont)
Aluminized glass fabric with Connecticut Hard Rubber Company
silicone rubber backing

Arctic Neoprene Rubber Kaiser Aluminum Company
Rubber; red or black Exacto Company
Adiprene L Sprayable formula- duPont
tion

Fluoro resin (Lankote) J. Landan Company
I Epon 92 Bloomingdale Rbhber Company

Epon Adhesive (6 and 8) Shell Chemical Company
Arochlor (1260,1248) Monsanto Chemical Company
Fluorolene G Nuclear Products Company
Hoke Slic Seal Hoke, Inc.
Fluorolubes Hooker Electro-Chemical Company
Versilubes General Electric Company
Dry Film Lubricant (615; M65) Everlube Corporation
Florubes Imperial Chemicals, Ltd.
Halo-carbons Halo-carbon Products
Fluorocarbon ether, FC75 3M Company
Buna-N Base Sealant, HT-I American Latelt
Garlock gaskets Garlock Packing Company

SSpiratallic, gaskets Johns -Manville
Nylon insulated thermocouple Thermo Electric Company
wire

Ceramic impregnated Teflon, Redel Company
coated

Ceramic impregnated Teflon, Rogers Corporation
uncoated

Pure Teflon collets Titeflex Corporation
Porous Teflon, 107-50 Liquid Nitrogen Processing Corporation

BASIS OF EVALUATION: Reported as number of detonations out of
total number of tests.

REMARKS: This report Is intended to aid the missile designer in his
efforts to select and specify the nonmetallic material5 required in those
misalses and space craft designed to use cryogenic fuels and operate
In the extremely low temperatures eacountered (under certain con-
ditions) in outer space. Emphasis Is given to high strength, ight
weight materials wherever possible. Data presented were obtained

S * from a diversity of sources including the open literature, Individual
company publications, private communication with other laboratories,
and test data obtained at the company plant.
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REF
. Green, Joseph and Nathan Levine (Thiokol Chemical Corporation'

"Polymer compatibility in rocket fuels and oxidizers", in PROCEED-
INGS OF THE CONFERENCE ON ELASTOMER RESEAITH AND DE-
VELOPMENT, SIXTH JOINT ARMY, NAVY, AIR FORCE, Boston,
18-20 October 1960. Volume 2, p. 420-434.

IDENTIFICATION OF MATERIALS: None. General discussion of
generic families.

BASIS OF EVALUATION: None. Report mostly covered review of
literature; some individual work on volume swell.

REMARKS: This paper is a general review of information available,
in evaluation of work still needed.

20. Astropower, Incorporated (Subsidiary of Douglas Aircraft Company)II)
COMPATIBILITY OF STRUCTURAL MATERIALS WITH HIGH PER-
FORMANCE)-F LIQUID OXIDIZERS, by W.D. English, S.W. Pohl,
and N.A. Tiner. Report 112-Q3. Contract AF 33(657)-9162. March
1963.

IDENTIFICATION OF MATERIAIS: None beyond citations transcribed.

BASIS OF EVALUATION: Change in mechanical properties.

REMARKS: This report is on the compatibility of structural materials
with fluorine oxide, perchloryl fluoride-tetrafluorohydrazine (1:1)
blend, and ozone fluoride-"L 2 solutions.

21. The Martin Company, Denver

COMPATIBILITY OF MATERIALS IN STORABLE PROPELIAWTS FOR
XSM-68B AND SM-68B, by H.J. Brown and others. ME Report No.
76, 15 May 1961 t
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"-1T. (Continued)

IDENTIFICATION OF MATERIALS:

Kel- F 5500 3M Company
Fluorel 3M Company
IS-53 Dow Corning
Viton A and B duPont
Chorlastic 500 Connecticut Hard Rubber
Enjay 268 and 551 Enjay Butyl
Hycar 2202 B. F. Goodrich
Hypalon 20 duPont
Neoprene Garlock Packing
58789-23HT Harbad, Incorporated
XB-1235-10 Parker Seal Company
Teflon; Teflon 100X duPont
Kel-F 3M Company
Armalon Felt; Armalon 7700, duPont

7700B
Teflon-asbestos; Teflon-graph- Fluorocarbon Company
ite; Teflon- molybdenum
sulfide

Marles Phillips Chemical Company
Irradiated polyethylene General Electric
Nylon 101 duPont
Mylar duPont
Plexiglas Rohm and Haas
Lexan General Electric
Saran Dow Chemical Company
Molplen Seiberling Rubber Company
Delrin duPont

BASIS FOR EVALUATION: The compatibility code is as follows:

S = satisfactory for long term exposure
U f unsatisfactory

= limited (ME must be consulted before using)
M = satisfactory for less than one year, tests continuing

REMARKS: None
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REF
22. U.S. Air Force Space Systems Division, Edwards Air Force Base

PENTABORANE HANDLING MANUAL. AF/SSD-TR-61-10, September
1961. Prepared by Rocketdyne, Contract AF 33(616)-6939.

IDENTIFICATION OF MATERIALS: None, other than cited in section 3.

BASIS OF EVALUATION: Straight listing of materials compatible,
limited service, or incompatible.

REMARKS: This manual presents directly usable information for the
safe handling of pentaborane. The properties of the propellant and
techniques for hazard reduction and control are discussed in detail.
Selection and preparation of equipment for use with the propellant are
also presented and discussed. Propellant transfer procedures using
both gas pressurization and pumping techniques are discussed. Other
pertinent information such as transportation, storage, and equipmzent
decontamination are also presented.

23. U.S. Air Force Space Systems Division, Edwards Air Force Base

HYDRAZINE HANDLING MANUAL. AF/SSD-TR-61-7, September 1961.
Prepared by Rocketdyne, Contract AF 33(616)-6939.

IDENTIFICATION OF MATERIALS: None, other than cited in section 1.

BASIS OF EVALUATION: Straight listing of materials compaUble,
limited service, and incompatible.

REMARKS: This manual presents directly usable information for the
safe handling of hydrazine. (See Ref. 22, "Remarks")

24. U.S. Air Force Space Systems Division, Edwards Air Force Base

CHLORINE TRIFLUORIDE HANDLING MANUAL. AF/SBD-TR-61-9,
September 1961. Prepared by Rocketdyne, Contract AF 33(616).6939.
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f T--. (Continued)

3IDENTIFICATION OF MATERIALS: None, other than cited in section 3.

BASIS OF EVALUATION: Straight listing of materials compatible,
limited service, and incoau'?tible.

REMARKS: This manual presents directly usable information for the
safe handling of chlorine ti ifluoride. (See Ref 22, "Remarks")

25. U.S. Air Force Aeronautical Sy.- 'ems Division, Wright-oPtterson AFB

ELASTOMERIC AND COMPLIANT MATERLQS FOR CONTACT WITH
LIQUID ROCKET FUELS AND OXIDIZERS. by Joseph Green and
N.B. Levine. Thiokol Chemical Corporation, Contract AF 33(616)-
7227. Septe! ,er 1961. ASD Technical Report 61-76, Part I.

IDENTIFICAT [ON OF MATERIALS:

"C•Cs-4' F ybutadiene Phillips Petroleum Company
Butyl, rubLer Enjay Company, Inc.
Viton duPont
Kel- F 3M Company
Silastic LS-53 Dow Corning Corporation
Bakelite DPDB-6169 Union Carbide Plastics Company
Teflon: TFE, FEP duPont

BASIS OF EVALUATION: Generalities based on volume swell,
strength retention, elasticity retention, and apearance.

REMARKS: Several elastomeric materials have been recommended for
field testing in con'act with hydrazine type fuels and nitrogen tetroxide.

See also:
Thiolol Chemical Corporation (Reaction Motors Division)
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REF
25. (Continued)

ELASTOMERIC AND COMPLIANT MAK ERIALS FOR CCNTACT WITH
LIQUID ROCKET FUELS AND OXIDIZERS. by Joseph Green and
Nathan Levine. Report R1D 2028-Q2, Report period: I August 1960
to 31 October 1960 Contract AF 33(616)-7227

26. U.S. Air Force Aeronautical Systems Division, Wright-Patterson AFB

ELASTOMERIC AND COMPLIANT MATERIALS FOR CONTACT WITH
LIQUID ROCKET FUELS AND OXIDIZERS. ASD Technical Report
61-76, Part 1I. Prepared under Contract AF 33(616)-7227 by the
Thiokol Chemical Corporation, Reaction Motors Division; Joseph
Green and N. B. Levine, authors. April 1962.

IDENTIFICATION OF MATERIALS:

Viton B duPont
EPR (ethylene propylene rubber) Hercules Powder Company
SBR (Styrene butadiene rubber) U.S. Chemical Company
Kel- F 5500 3M Company
S'lastic LS-53 Dow Corning Corporation
Butyl Rubber Enjay Comnpany, Incorporated
TFNMTFE Trifluoroudtrosomethane- T FL;

received from ASD
"H" film Received from ASD
Dynamar Received from ASD
Cyanosilicone Union Carbide Corporation
"Cis-4" Polybutadiene Phillips Chemical Coypany

BASIS OF EVALUATION: Generalities based on chang- in physical
properties and in appearance.

REMARKS: This work is a continuation of Ref 25
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1 F U.S. Air Force; Wright Air Development Center

EFFECT OF POTENTIAL ROCKET FUELS AND OXIDIZERS ON
ELASTOMERS AND DEVELOPMENT OF ELASTOMERIC COMPOUNDS
"SUITABLE FOR RETENTION OF THESE MATERIALS. by C.J.
Maloney and A. S. Kidwell. Work by the Connecticut Hard Rubber
Company, Contract AF 33(616)-2962. WADC Technical Report 56-351,
November 1956. AD 110 511

IDENTIFICATION OF MATERIALS:

Butyl rubber Enjay Company, Inc.
Poly- FBA (poly- 1, 1-dihydroper- 3M Company

fluoro-butyl acrylate)
Hypalon (chlorosulfonated poly- duPont

ethylene)
Hycar 2202 (brominated butyl B. F. Goodrich Cheinical Co.
rubber)

Acrylon EA-5 and BA-12 Borden Company
Kel- F compounds M. W. Kellogg Company
Vistanex B-100 (polyisobutylene) Enjay Company, Inc.
Alathon 2P-1000; Alathon lo duPont

(polyethylene)
Super Dylan 6600(white)S- 1 (poly- Koppers Company, Inc.

ethylene)
Marlex 50 (polyethylene) Phillips Chemical Co.
Opalon 75219 (polyvinyl chloride) Monsanto Chemical Co.
Saran 281 (polyvinylidene chloride) Dow Chemical Co.
Exon 400 XR-61 (chlorotrifluoro- Firestone Plastics Co.

ethylene)
Teflon duPont

BASIS OF EVALUATION: General discussion, involving retention c"
physical characteristics of the materials after immersion.

REMARKS: This is a very early work in the field of compatibility.

28. American Institute of Aeronautics and Astronautics

"Titan II Propellant handling and compatibility problems", by 0. C.
Bender, (Martin Company). AIAA Space Flight Testing Conference,
Cocoa Beach, Florida, 18-20 March 1963.
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REF
28. (Continued)

IDENTIFICATION OF MATERIALS: None specifically identified

BASIS OF EVALUATION: General statements based on knowledge -.

gained through experience, discussed in terms of most com p.tle,
compatible for short term usage, and incompatible.

REMARKS: Significant progress has been made in recognizitg and-
using compatible materials for the Titan H propellants. How( vel,
time and money could have been saved if the knowledge of mat.eriai
compatibility, especially in the area of nonmetallic seals, ha ti Ve0
improved.

29. Allied Chemical Corporation, Plastics Division

PLASKON, PLASTICS AND RESINS, Technical Data Report CTI-3,
undated.

IDENTIFICATION OF MATERIALS:

Plaskon CTFE 2200; Plaskon CTFE 2300; Plaskon CTFE 2400;
Plaskon CTFE 3200

BASIS OF EVALUATION:

Excellent: recommended for use; completely resistant.
Good: Recommended for use. Slight loss of properties, discoloration,
or swelling after a long period of time. May not be safe at a more
elevated temperature or higher concentration.
Poor: Not recommended for use. Slow attack, but the material is
resistant for short periods of time.
Severe: Not recommended for use. Rapid chemical attack or
solvation.

REMARKS: None
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--•. U.S. Air Force Space Systems Division, Edwards Air Force Base

NITROGEN TETROXIDE HANDLING MANUAL. AF/SSD-TR-61-8,

September 1961. Prepared by Rocketdyne, Contract AF 33(616)-6939.

IDENTIFICATION OF MATERIALS: None, other than cited in Section 3.

BASIS OF EVALUATION: Straight listing of materials compatible,
limited service, and incompatible.

REMARKS: This manual presents directly usable information for the
safe handling of nitrogen tetroxide. (See Ref 22, "Remarks").

31. Picatinny Arsenal, Ammunition Engineering Directorate

THE COMPATIBILITY OF ADVANCED PACKAGEABLE ROCKET
PROPELLANTS WITH MATERIALS OF CONSTRUCTION, by J. D.
Clark, A.E. Boyce and S.P. Mobley. Technical Report 3115,
October 1963.

IDENTIFICATION OF MATERIALS: None, as to identification of
specific source.

BASIS OF EVALUATION:: General statements based on change in
weight resulting from exposure at controlled temperatures.

REMARKS: The object of the investigation was to determine what
materials of construction are compatible with the rocket propellants
chlorine trifluoride and Hydrazoid P for extended periods of time.

32. NASA, George C. Marshall Space Flight Center

COMPATIBILITY OF MATERIALS WITH LIQUID OXYGEN, by C. F.
Key and W.A. Riehl. MTP-P&VE-M-63-14, 4 December 1963.
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REF
3 (Continued)

IDENTIFICATION OF MATERIALS: Tabulations of data in this report
include: "Material", "Manufacturer", and "Composition".: Selection
of data from this report was more controlled by the "Composition"
than the other media of identification. Citations are by composition
number. (See Appendix A, also)

BASIS OF EVALUATION: Data transcribed directly from source.
This report, however, does provide functional evaluations, as follows:

S - Satisfactory for LOX service if cleaned and/or processed by
applicable MSFC standards.

BT - Satisfactory as stated above, with the provisions that each
manufacturer's batch of the product must be individually tested
and found acceptable.

C - Conditional, insufficient test experience to rate sample ade-
quately.

U - Unacceptable, capable of vigorous burning or exploding in con-
tact with LOX.

REMARKS: In order to acceptance-test a material for use in LOX
systems, twenty separate samples of the material submerged in LOX
are subjected to 10 Kg-M (72 ft-lbs) impact energy delivered through
a 1/2 inch diameter area. More than one indication of sensitivity is
cause for immediate rejection. A single explosion, flash, or other
indication of sensitivity during the initial series of twenty tests re-
quires that an additional forty samples be tested without incident to
insure acceptability of the material.

Two notes of caution are in order. (1) Wherever possible, a com-
plete identification is made of the materials tested. Although some
general conclusions can be drawn relative to certain classes or chemi-
cal families of materials, it is definitely unsafe to predict the be-
havior of any totally new product on this basis. Even materials norm-
ally inert to LOX can be rendered unsafe by minute amounts of pro-
cessing additives, pigments, etc., that may be favored by one manu-
facturer or processor. It is equally unsafe to define a material for
a specific application in liquid oxygen solely on the basis of a mili-
tary or other specification for a general purpose product, since most
such specifications do not limit sufficiently the chemical constitution
of the product.
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REF
"-'U. U.S. Air Force, Aeronautical Systems Division (Wright- Patterson AFB)

HANDBOOK OF DESIGN DATA ON ELASTOMERIC MATERIALS USED
IN AEROSPACE SYSTEMS, Technical Report No. ASD-TR-61-234, H
January 1062, AD 273 880 (Prepared by Southwest Research Institute)
authors: A.G. Pickett and M. M. Lemcoe.

IDENTIFICATION OF MATERIALS: None, other than cited in Section 3.

BASIS OF EVALUATION: None

REMARKS: This is a survey of the field, and information is taken
from many sources. Thus, specific materials are not identified, and
discussion of evaluation is general.

Of the great volume of data provided, only volume swell and
LOX impact resistance were included here. Of the one, it is stated
that volume swell data is suitable only for preliminary elastomer
screening. A rule of thumb for evaluation is given:

Less than 16% - probably compatible
Less than 40% - may be compatible 4
Greater than 40% - incompatible

Concerning LOX impact resistance, this report states that it has no
connection with the chemical or physical properties of most elastomers.
Standard test measures the ability of the material to withstand an
impact load in the presence of LOX. However, even an oily finger-
print can cause the sample to undergo detonation.

In general, this report stresses caution in the interpretation of
compatibility data for elastomers.

34. U.S. Air Force, Wright Air Development Division (Wright-Patterson AFB)

RESEARCH ON RUBBER MATERIALS FOR APPLICATIONS INVOLV-
ING CONTACT WITH LIQUID ROCKET PROPELLANTS, WADC
Technical Report 57-651, Part III, Mal 1960. AD 240 874 (Pre-
pared by The Connecticut Hard Rubber Company; authors: J. H.
Baldrige and M. D. Inskeep) Contract AF 33(616)-5572
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34--" (Continued)

IDENTIFICATION OF MATERIALS:

Butyl Copolymer of isobutylene and Enjay
isoprene

Genetron GC Modified chlorotrifluoroethylene General Chemical
polymer

HiFax Linear polyethylene Hercules
Hycar (1000-) Butadiene-acrylonitrile B. F. Goodrich

copolymer Chemical
Hycar (2202) Brominated butyl polymer B. F. Goodrich

Chemical
Hydropol Hydrogenated polybutadlene Phillips Chemical
Irrathene Irradiated polyethylene General Electric
Kel- F Polymer of monochlorotri- 3M

fluoroethylene and vinylidine
fluoride

Kodapak II Cellulose acetate butyrate Eastman Kodak
Lexan Polycarbonate resin General Electric
Mylar Terephthalate polyester duPont
SBR Styrene-butadiene copolymer ---

Saran Polyvinyl chloride Dow Chemical
Spauldite Paper-base phenolic Spaulding Fiber
Synpol (700 -) Oil-extended SBR Texas-U. S. Chemical
Synpol 8000 Styrene-but adiene copolymer Texas-U. S. Chemical
Stypol 1551 Cold SBR Texas-U. S. Chemical
Teflon Polytetrafluoroethylene duPont
Teflon FEP Perfluoroethylene propylene duPont

copolymer
Teslar golyvinyl fluoride du Pont
Trithene A Chrorotrifluoroethylene polymer Visking
uTyon Polyvinyl chloride U.S. Stoneware

~ron Polyvinyl chloride (unplasticized)Monsanto
Viton Fluoroelastomer du
Zytel Nylon resins du nt

Compositions actually tested are further defined in the report

BASIS OF EVALUATION: Snecific results given; no generalizations.

REMARKS: Elastomeric materials resistant to hydrazine, unsym-
metrical dimethyl hydrazine and JP-X fuel mixture have been found
for service at room temperature and 160 0 F. for immersion periods
ranging from 21 days to 6 months. Among these is a new commercial
polybutadlene elastomer. A semi-commercial elastomer resistant to
n-proply nitrate up to 3 months at 1600F. has been found. Compounds
which resist inhibited red fuming nitric acid up to 3 weeks at room
temperature have been evaluated.
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RE F
-. (Continued)I Several flexible plastics have been found resistant to nitrogen te-

troxide (3 months), inhibited red fuming nitric acid (3 weeks) at room
temperature and liquid chlorine trifluoride at its boiling point (1 hour).
No elastomers tested resisted nitrogen tetroxide or chlorine tri-
fluoride.

35. U.S. Air Force Materials Laboratory (Wright- Patterson AFB)

THE COMPATIBILITY OF STRUCTURAL MATERIALS WITH
HYBALINE A-5 and COMPOUND A. AFML Technical Report TR-64-
391, December 1964. (By Pennsalt Chemicals Corporation; authors:
J.C. Grigger and H.C. Miller. Contract AF 33(657)-8461.)

IDENTIFICATION OF MATERIALS:

Kel-F(3M) Polychlorotrifluoroethylene Plastic Seal and
Gasket Co., Linden,
N.J.

Kynal-(Pennsalt) Polyvinylidene fluoride Pennsalt Chemicals
Teflon (TFE) Polytetrafluozoethylene Plastic Seal and

Gasket Co., Linden,
N.J.

BASIS OF EVALUATrON: None, specific values given.

REMARKS. Compatibility of three fluorinated plastics in Hybaline
A-5 liquid and vapor at 500 was investigated. The plastics showed
weight gains of 0.02 to 0.04% in 21-day exposures, and insignificant
changes in appearance. No significant change in mechanical proper-
ties on 8-inch tensile specimens and no stress corrosion cracking on
U-band strc.ssed specimens occurred.

36. Aerojet-General Corporation, Von Karman Center

EXPLORATORY EVALUATION OF FILAMENT-WOUND COMPOSITES
FOR TANKAGE OF ROCKET OXIDIZERS AND FUELS. Contract AF
33(615)-1671; QPR 0873-01-1, September 1964. For: Air Force
Materials Laboratory.
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36. (Continued)

IDENTIFICATION OF MATERIALS:

Epoxy novolac Shell Chemical
Epoxy novolac; bisphenol A Shell Chemical
Epoxy novolac; bisphenol A Dow Chemical
Epoxy novolac Dow Chemical
Polyepoxide; bisphenol A Koppers
Polyester American Cyanamid
Melamine formaldehyde American Cyanamid
Epoxy novolac Dow Chemical
Phenol formaldehyde U.S. Polymeric
Phenol formaldehyde Cincinnati Testing Laboratory
Styrene-butene Emerson & Cuming

BASIS OF EVALUATION: None; cdirect data

REMARKS: Literature survey indicated th. very few of the resins
commonly used in filament-wound structures possessed a high degree
of compatibility with Aerozine 50, nitrogen tetroxide, pentaborane, or
chlorine trifluoride. It was also noted that polymeric films were per-
meable to these fluids. Preliminary screening tests of the chemical
compatibility of resins and liner materials confirm the literature
reports and indicated the necessity for a barrier type liner. A metal-
lic liner appears to be mandatory for the more corrosive propellants.

36A. Aerojet-General Corporation, Von Karman Center

EXPLORATORY EVALUATION OF FILAMENT-WOUND COMPOSITES
FOR TANKAGE OF ROCKET OXIDIZERS AND FUELS. Contract AF
33(615)-1671; QPR 0673-01-2, December 1964. For: Air Force
Materials Laboratory. AD 463 111.

IDENTIFICATION OF MATERIALS:

Resin systems:
Polyepoxide- Bisphenol A (Kopox 170/DER/BF3 -400)
Phenol formaldehyde (U.S. Polymeric No. 46)
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1•. (Continued)

Novolac epoxy (DEN 438/BF 3-400)
Polyepoxide (Kopox 170/BF 3-400)
Liner films:
Teflon; Kynar; Polyethylene; P-'lypropylene

BASIS OF EVALUATION: None; direct data given.

REMARKS: Data was accumulated on the compatibility of resins and
liner materials with rocket fuels and oxidizers at two temperatures
and over extended time periods.

36B. Aerojet-General Corporation, Von Karman Center

EXPLORATORY EVALUATION OF FILAMENT-WOUND COMPOSITES
FOR TANKAGE OF ROCKET OXIDEIZERS AND FUELS. Contract
AF 33(615)-1671; QPR 0873-01-3, March 1965. For: Air Force
Materials Laboratory. AD 462 840. I
IDENTIFICATION OF MATERIALS:

Resin
Composites (with S-HTS glass): content
Phenol formaldehyde (U. S. Polymeric No. 46) 20.5%
Novolac epoxy (DEN 438/BF -400) 19.8%
Polyepoxy (Kopox 170/BF 3-4G00) 18.8%

Liner films:
Teflon; Kynar; Polyethylene; Polypropylene

BASIS OF EVALUATION: None; direct data given.

REMARKS: Preliminary data and information on the effects of pro-
pellants and a simulated space environment on glass reinforced com-
posites are presented. The results of these studies are reviewed to

1% provide a basis for the selection of materials to be used.
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9. Air Force Materials Laboratory (W-P AFB)

EXPLORATORY EVALUATION OF FILAMENT-WOUND COMPOSITES
FOR TANKAGE OF ROCKET OXIDIZERS AND FUELS, By M.J.
Sanger, R. Molho and W.W. Howard (Aerojet-G eneral Corporation).
AFML-TR-65-381, January 1966. Contract AF 33(615)-1671.

IDENTIFICATION OF MATERIALS:

Polyepoxide (Kopox 170 - Koppers)
Phenol formaldehyde (U.S. Polymeric)
Epoxy, novolac (Dow)
Teflon, (duPont)
Kynar (Pennsalt Chemicals)
Polyethylene (unidentified)
Polypropylene (unidentified)

BASIS OF EVALUATIO14: None, direct data given.

REMARKS: None of the resins evaluated in Phase I demonstrated
complete compatibility with the propellants for extended exposures,I_ but some resin systems were found that have moderate resistance. A
uovolac type epoxy resin was selected for use in the subscale tankage
because of its favorable physical properties and chemical stability.
In study of the liners, the fluorocarbons were found to be the most
compatible with rocket fuels and oxidizers.

37. U.S. Air Force, Aeronautical Systems Division (Wright-Patterson AFB)

MECHANICALLY INITIATED REACTIONS OF ORGANIC MATERIALS
IN MISSILE OXIDIZERS, Technical Report 61-324, October 1961.
(Prepared by the Martin Company; authors: R. L. Hauser, G.E. Sykes,
and W. F. Rumpel under Contract AF 33(616)-7271).

IDENTIFICATION OF MATERIALS:

Acrylonitrile-butadiene copolymer Goodrich, kycar 1000xl32
Polyacetal DuPont, Delrin
Polybutadiene Firestone. Diene
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RE FIk(Continued)
"IDENTIFICATION OF MATERIALS: (Cont)
Polychloroprene DuPont, Neoprene WB
Poly(cyanomethyl)slloxane General Electric
Polyditnethylsiloxane Dow Corning
Polyethylene, 0. 92 Spencer, 1504
Polyethylene, 0. 96 PhilliM•, Marles 50
Polyisoprene Firestone, Coral
Polypropyle.e Hercules, ProFax
Polystyrene Uri~or Carbide
Poly(trifluoropropyl) Dow. Corning

methysiloxane
Polyvinyl Chloride Union Carbide
Polyvinylidene fluoride c-mnnsalt, Kynar
Vinylidene fluoride-hexafluo- DuPont, Viton A
ropropylene

BASIS OF EVALUATION: None, direct data.

REMARKS: Pure polymers, plasticizers, and antioxidants were
studied and their threshold sensitivity levels and detonation energies
were determined. Procedures and equations for calibrating imp.vct
testing machines were developed and used to calculate the r;,fes of

energy tra.•fer into test materials. A full record of test procedures
is included.

38. New York Naval Shipyard, Materials Laboratory

THE SUITABILITY OF ELASTIOMERIC. MATERIALS FOR USE IN THE
DEVELOPMENT OF HOSES. GASKETS, J, AND DIAP'IRAGMS FOR
I IJ4DLING ROCKET PROPELLANTS, by J. Mirow v and A.D. Delman.
LaW Project 5996-3, Firal Report, 8 May 1959. NSSo33-200.

M)ENT1FICATION OF MATERIALS:

Hypalon S-2 --- Surety Rubber Company, Carrollton, Ohio
Vistanex- Polyethylene coated VInyon cloth --- Connecticut Hard
Rubber Co.

Butyl Rubber Glows, unsupported --- Bond Rubber Company. Derby,
Cora.
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"-8- (Continued)

IDENTIFICATION OF MATERIALS: (Cont)
Polyethylene-Vistanex ccated Fortisan --- Quartermaster R&D
Center, Natick

Butyl coated cotton airplane cloth (white and black) --- Chemical
Rubber Products, Inc., Beacon, New York

Boots, butyl rubber (Air Force handler's suit) --- Bristol Rubber
Company, Bristol, Conn. Neoprene rubber (unknown)

Kel- F Resin 800 and Kel- F Elastomer 5500 on Fiberglass 116DD
--- M. K. Kellogg Company, Jersey City, N. J.

Trithene A --- Visking Corporation, Chicago
Teflon Coated Fiberglass --- E. I. duPont deNemours & Co.
Polyethylene, clear and black, on "Nygen" or nylon --- Texileather
Division of General Tire and Rubber Company

Armalon coated iabric --- E. I. duPont deNemours & Co.
Butyl rubber - Vistanex Compound No. 8 --- Chemical and Radio-
logical I "boratory, Army Chemical Center

BASIS OF EVALUATION: None, direct observation as reported.

REMARES: Thirty-two different elastomeric materials were in-
vestigated to determine their potential suitability for use in the fabri-
cation of hoses, gaskets, and diaphragms necessary for shipboard
handling and storage of red fuming nitric acid and mixed-amlnes.
Results indi:ate that a fluorinated polymer Is suitable for prolonged
use with red fuming nitric acid. All of the materials are Wisatts-
factory for applications requiring prolonged contact with mixed-amines.
Three specimens are suitio"e for short term use with red fuming
nitric acid, while six of the elastomeric materials are suitzble for
interim use with mixed-amines.

39. Defense Metals hdormation Center, Battelle Memorial Institute

COMPATIBILITY OF MATERIALS WITH ROCKET PROPELW..ANTS
AND OXIDIZERS. DMIC Memorandum 201, 29 January 1965.

IDENTIFICATION OF MATERIALS: As specified in indivi&Wal
trawriptions.

109

|W
Sm ~j.



IT
REF

3 (Continued)

BASIS OF EVALUATION: Ratings for nonm etals are also somewhat

arbitrary but wherever possible they follow those described in the
Titan 13 Storable Propellant Handbook. (Ref 4) The classifications are:

Class
1 2 3 4

Volume Chaiige, 0 to +25 -10 to +25 -10 to +25 <-10 or- +25
percent

Durometer Read- +3 +10 +10 <-10 or> +10
ing Change

Effect on Propel- None Slight change Moderate Severe
lant change

Visual Examina- No change Slight change Moderate Severly blis-
tion change tered, or

cracked, dis-
solved

General Usage Satisfac- Satisfactory Satisfactory Unsatisfactory
tory for repeated for short
use short term time use

use

REMARKS: This memorandum summarizes the available information
on the compatibility of liquid rocket propellants with prominent
mater•'i cf construction. It is pointed out that compatibility data
for marials not ordinarily covered by the Defense Metals Informa-
tion Center LAre included. These data were found during the search
for information on materials that are within the scope of the DMIC,
and are included for convenience. 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 com-
patibility of materials with reaction products in combustion chambers,
nozzles, etc., has not been considered. Included in the summary are
data for many nonmetallic materials. These data were collected in
conjunction with those obtained for metals but no concerted effort was
made to secure compatibility data for nonmetals.

40. National Aeronautics and Space Administration

TECHNOLOGY SURVEY: ADVANCED VALVE TECHNOLOGY, NASA
SP-5019, February 1965. Prepared by Midwest Research Institute;
K.D. May, author.
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40 (Continued)

IDENTIFICATION OF MATERIALS: None other than individually
stated.

BASIS OF EVALUATION: The classification code used is the same
as the one used in the Bell Handbook (See Reference 4, this report).

REMARKS: In considering the compatibility of valve materials with
propellants, many propellants of current interest for space application
are taken into account. Consideration is given only to the materials
that would be subjected to the propellant environment for long-term
duration, or as would be experienced by the valves operating in in-
dustrial processes, storage facilities, transportation equipment, or
on a space vehicle in an extended orbit of approximately two years.
In general, materials that are considered acceptable are rated ac-
cording to corrosion and impact tests that have been performed.

The materials selected as compatible with a given propellant are
intended to be used as a guide to the valve designer. Disagreement
in ratings of some materials by different sources of information may
have resulted from inadequate test procedures, isolated adverse
effects due to improper cleaning, etc. In many cases temperatures
given are only test temperatures and are not necessarily limit tem-
peratures needed to maintain an acceptable rating.

41. Tripartite Technical Cooperation Program

Statement: Minutes of the Eleventh Meeting of Working Panel, P-3;
Sub-Group TTCP. Held at Canadian Armament Research and Develop-
ment Establishment, Valcartier, Quebec. 26-28 October 1965.

IDENTIFICATION OF MATERIALS: Not specific, other than stated.

BASIS OF EVALUATION: Statement of Mr. Kelble, U. S. Air Force.

REMARKS: (Transcript of statement as reported by J. Matlack,
Pic atinny Arsenal, 13 December 1985, Travel report.)
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REF
41. (Continued)

REMARKS: (Cont)
Mr. Kelble (USAF) spoke of the nitroso terpolymers cured with

chromiumtrifluoroacetate catalyst which results in an elastomer
compatible with N2 04 . The nitroso elastomer in an unstressed state
remained unaffected after 90 days in contact with N2 04 at 160 0 F. The
best butyl rubber, previously available, had a life of only 1 or 2 days
under similar conditions. Prototype expulsion bladders, hose, seals
and protective clothing are being developed as well as coating for
metals. He reported on a Viton type fuel tank sealant which remains
in satisfactory condition for 1000 hours at 500°F and for 500 hours at
550F. It is a room temperature curing compound, with 80 to 85%
solids content, requires no primer and has good adhesion to titanium
and stainless steel.

42. Union Carbide Corporation, Linde Division

COMPATIBILITY OF MATERIALS WITH 7500 PSI OXYGEN, by G.J.
Nihart and C. P. Smith. Aerospace Medical Research Laboratories
report AMRL-TDR-64-76, October 1964. Contract AF 33(657)-11686.

IDENTIFICATION OF MATERIALS:

Teflon (Virgin TFE) - E. I. duPont de Nemours and Company, Inc.
Teflon 100X (FEP) - E. I. duPont de Nemours and Company, Inc.
Viton A(Virgin) - E. I. duPont de Nemours and Company, Inc.
Viton B (Virgin) - E. I. du Pont de Nemours and Company, Inc.
Rulon A (Reinforced TFE) - Dixon Corporation
Rulon B (Reinforced TFE) - Dixon Corporation
Rulon C (Reinforced TFE) - Dixon Corporation
Duroid 5600 (60% Teflon, 40% aluminum silicate ceramic fibers) -
Rogers Corporation
Duroid 5650 (75% Teflon, 25% aluminum silicate ceramic fibers) -
Rogers Corporation
Duroid 5870 (85% Teflon, 15% glass fibers) - Rogers Corporation
Duroid 5813 (60% Teflon, 40% glass fibers with MoS2 filler) -
Robers Corporation
Kel- F 81 (CTFE) - Minnesota Mining and Manufacturing Company

-* Kel- F Elastomer 3700 - Minnesota Mining and Manufacturing Company
Kel-F-Elastomer 5500 - Minnesota Mining and Manufacturing Company

BASIS OF EVALUATION: No special basis; data reported.
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4Y. (Continued)

REMARKS: This program was conducted to develop ignition data on
thread lubricants, thread sealants, fluorocarbon plastics, and metals.
Spontaneous ignition temperatures were determined in both 2000 psi
and 7500 psi oxygen for all the above materials. The spontaneous
ignition temperatures for these materials were found to be essentially
the same in 7500 psi oxygen and in 2000 psi oxygen. Glass-filled
polytetrafluoroethylene is usable only if tightly confined.

43. Thiokol Chemical Corporation, Reaction Motors Division

Work on Contract AF 33(657)-11093; N. B. Levine, J. Green, W.
Sheehan; reported in CHEMICAL AND ENGINEERING NEWS, 14
February 1966.

IDENTIFICATION OF MATERIALS: Carboxylnitroso terpolyraer
(cured with metals salts of organix and fluorocarbon acids), epoxy
compounds, and epoxy-metal oxide mixtures.

BASIS OF EVALUATION: Not given. Work involved total immersion.

REMARKS: Using a terpolymer containing 1.25 mole % perfluoro-
nitrosobutyric acid, the group prepared several vulcanates containing
from 0. 5 to 10 parts by weight of chromium trifluoroacetate per
hundred parts of carboxy nitroso rubber. The vulcanizates also con-
tained 20 parts per hundred of rubber or Silstone 110 (10% silicone
oil coated silica) as filler. Each was cured for 60 minutes at 200 F
and oven postcured for six hours, stepwise, up to 300 F.
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APPENDIX A. TRADE DESIGNATIONS APPEARING IN THIS REPORT

Aclar Allied Chemical Corporation
Acrylon The Bordon Chemical Co.
Acushnet Acushnet Process Co.
Adiprene E.I. du Pont de Nemoors & Co., Inc.
Alathon E. I. du Pont de Nemours & Co., Inc.
Araldite Ciba Products Corporation
Armalon E. I. du Pont de Nemours & Co., Inc.
Bakelite Union Carbide Plastics Company
Boltron Chemical Plastics Division, General Tire & Rubber Co.
Capran Allied Chemical Corporation
Chemelec U.S. Gasket Co.
Chemiguni Goodyear Tire and Rubber Co.
Cohrlastic Connecticlt Hard Rubber Co.
Co- Polymer Co-Polymer Chemicala, Inc.
Cordo Cordo Division, Ferro Corporation
Cycolac Marbon Chemical Division, Borg Warner Corporation
Dacron E.I. du Pont de Nemours & Co., Inc.
Delrin E.I. du Pont de Nemours & Co., Inc.
Disogrin Disogrin Industries, Inc.
Duroid Rogers Corporation
Dylan Koppers Company, Inc.
Dynamar 3M Compayiy
Dynel Union Carbide Corporation
Enjay Enjay Company, Inc.
Epon Shell Chemical Company
Epoxylite Epoxylite Corporatio|,
Exon Firestone Plastics Co.
Fairprene E. I. du Pont de Nemours & Co., Inc.
Fiberglas Owens-Corning Fiberglas Corp.
Fluorel 3M Company
Fluorobestos Raybestos Manhattan, Inc.
Fluoroflex Resistaflex Corp.
Fluorogreen John L. Dore Co.
Fluorolin Joclin Mfg. Co.
Fluorosint Polymer Corporation
Fluorothene Plax Corporation
Fluran U.S. Stoneware Co.
Garlock Garlock Packing Co.
Genetron Allied Chemical Corporation
Gen- Flex General Tire and Rubber Co.
Geon B. F. Goodrich Chemical Company
Glyptal General Electric Company
Goshen Goshen Rubber Company, Inc.
H-film (also("HT") E.I. di Pont de Nemours & Co., Inc.
Hadbar Hadbar, Inc.
Halon Allied Chemical Corp.
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APPENDDI A. (Continued)

Haveg Haveg Industries, Inc.
Heresite Heresite and Chemical Co.
Hi Fax Hercules Power Company
Hycar B. F. Goodrich Chemical Company
Hydropol Stillman Rubber Co.
Hypalon E.I. du Pont de Nemours & Co., Inc.
Hysol Houghton Laboratories, Inc.
Insuroc The Richardson Company
Irrathene General Electric Cpmpany
Kel- F 3M Company
Kodapak I Eastman Kodak Co.
Korda-flex Chicago Gasket Co.
Koroseal B. F. Goodrich Industrial Products Co.
K! nar Pennsalt Chemicals Corporation
Laminac American Cyanamid Company
Lexan General Electric Company
Linear Linear, Inc.
Lucite E.I. du Pont de Nemours & Co., Inc.
Marlex Phillips Chemical Companyl
Marvinol United States Rubber Company
Melbestos Melrath Gasket
Melmac American Cyanamid Company
Metlbond Whittaker Corporation (Narmco)4) Micarta Westinghouse Electric Corp.
Mylar E.I. du Pont de Nemours & Co,, Inc.

Mystik The Borden Chemical Company
Narmco Narmco Resins and Coatings Co.
Neoprene Delta Products
Nopco Nopco Chemical Co.
Opalon Monsanto Chemical Company
Orlan E.I. du Pont de Nemours & Co., Inc.
Oxiron FMC Corporation, Organic Chemicals Division
Paraplex Rohm and Haas Co.
Parco Plastics and Rubber Products Co.
Parker Parker Seal Co.
Penton Hercules Power Company
Plaskon Allied Chemical Corp.
Plax Monsanto Company
Plexiglas Rohm and Haas Company
Plioweld Goodyear Tire and Rubber Co.
Polyflex Monsanto Company
Precision Precision Rubber Products Corp.
Pro- Fax Hercules Power Company
Pro-Seal Coast Pro-Seal and Manufacturing Company
Raythene Ray Chemical Corp.
Redwing Goodyear Tire and Rubber Co.
Rezklad Atlas Mineral Products
Rulon Dixon Corporation
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APPENDIX A. (Continued)

Saran Dow Chemical Company
Sarankote Dow Chemical Company
Scotchcast 3 M Company
"Silastic Dow Corning Corp.
Sivrene Chicago Rawhide
Spauldite The Spaulding Fiber Co.
Stillman Stillman Rubber Co.
Styrofoam Dow Chemical Co.
Synpol Texas-U. S. Chemical Co.
Tedlar E.I. du Pont de Nemours & Co., Inc.
Teflon E. I. du Pont de Nemours & Co., Inc.
Tenite Eastman Chemical Products, Inc.
Teslar E.I. du Pont de Nemours & Co., Inc.
Thiokol Thiokol Chemical Corporation
Trevarno Coast Manufacturing and Supply Corp.
Trithene Union Carbide Corporation
Tygon U.S. Stoneware Company
Ultron Monsanto Chemical Company
Vinylite Union Carbide Corporation
Vistanex Enjay Chemical Company
Viton E.I. du Pont de Nemours& Co., Inc.
Vydax E. I. du Pont de Nemours & Co., Inc.
Zytel E.I. du Pont de Nemours & Co., Inc.
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APPENDIX B. LIQUID PROPELLANTS, FUELS, AND OXIDIZERS
INVOLVED IN THIS REPORT

Aerozine 50
Alcohols (methyl, ethyl, isopropyl, furfuryl)
Alkyl boranes (Hi-Cal, HEF-2, HEF-3)
Ammonia, anhydrous
Aniline
Boron hydride
Bromine trifluoride
Chlorine trifluoride
DIPA (diisopropylene acetylene)
Ethylene oxide
FLOX (liquid fluorine/ liquid oxygen)
Fluroine
50/50 Fuel blend (hydrazine/UDMH)
Halogen fluoride
HEF-2, HEF-3, HiCal-3 (alkyl-boranes)
Hybaline A-5
Hydrocarbon fuel
Hydrazine
Hydrazoid3 B
Hydrogen
Hydrogen peroxide
IRFNA (inhibited red fuming nitric acid)
JP fuels
Mixed amine fuels (MAF)
MON (mixed oxides of nitrogen)
Monomethyl hydrazine (MMH)
Nitric acid, fuming
Nitrogen; liquid nitrogen
Nitrogen tetrafluoride
Nitrogen tetroxide
Nitrogen trifluoride
Oxygen; liquid oxygen (LOX)
Oxygen difluoride
Oxygen/oxygen difluoride
Pentaborane
Perchloryl fluoride
Perchloryl fluoride/ chorine trifluoride
Perchloryl fluoride/ tetrafluorohydrazine
n- Propyl nitrate
RFNA (red fuming nitric acid)
U-DETA (MAF-4) (unsymmetrical dimethyl hydrazine in
diethylene triamine)
UDMH (unsymmetrical dimethyl hydrazine)
WFNA (white fuming nitric acid)
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