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FOREWORD

This Guidebook has been prepared by the Materials Section
of the Jet Propulsion Laboratory’s Engineering Mechanics Divi-
sion. Its purpose is to assist Laboratory engineers and designers
in the selection of suitable materials for use in the construction of
spacecraft. The intention is to provide, as a continuing process,
up-to-date information on these materials, together with recommen-
dations based on the most recent reliable data.

The Guidebook is divided into seven basic sections, which are
listed with their main subsections in the Table of Contents. Section
1.0 contains general introductory remarks regarding the scope of the
book and the criteria used in determining the materials to be recom-
mended. In Section 2.0, classes of applications for materials in
spacecraft are tabulated, together with general recommendations
for materials in each class. Section 3.0 presents descriptions of all
the recommended classes of materials, and also explanatory com-
ments on those of poiential interest to the design engineer which
are not presently recommended. More generalized materials infor-
mation is outlined alphabetically in the Glossary of names and
terms, Section 4.0; it is recommended that the Glossary be con-
sulted whenever unfamiliar products or terms appear in the Guide-
book. In Section 5.0, the organization of the JPL Materials Section
is briefly described, and cognizant personnel are listed for various
areas of materials applications. The Appendix, Section 6.0, presents
detailed information on the properties of certain materials, and
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serves also as a source of miscellaneous reference data. A complete
Index is provided in Section 7.0.

To facilitate revisions, additions, and deletions, the Guidebook
is designed in a loose-leaf-binder format. The decimal-number
system is used for the headings of the seven main Sections and their
subsidiary divisions, and the noncontinuous pagination of the vol-
ume is keyed to these headings. For example, subheading 2.3.4 in
Section 2.0 carries the number 2.3.4 in the lower right-hand corner
of the page; if the discussion under this heading continues through-
out multiple pages, the pagination is 2.3.4-1, 2.3.4-2, 2.3.4-3, etc.
Tables and Figures (if employed) are identified by consecutive

numbers preceded by the applicable Section number: for example,
Tables 6-1, 6-2, 6-3, in Section 6.0.

Each page of the original issue carries in the upper left-hand
corner the initial publication date, August 1, 1963. A revised page,
subsequently replacing an original page, presents the following
typical notation: Revised November 1, 1963. An entirely new page
for insertion displays only the date of its release: for example,
March 1, 1964. As the Guidebook is updated by these revisions and
additions, concurrent changes are made in the List of Effective
Pages which follows the Table of Contents. The deletion of a page
is indicated only by omission from this tabulation of effective
material.

As noted in the Table of Contents and throughout the text,
some Sections of the Guidebook are incomplete. Data for various
categories of recommended materials and for portions of the Glos-
sary and Appendix are still being compiled and will be added as
completed. It is, however, considered desirab'e to publish all cur-
rently available information at the earliest possible date.

Spacecraft Materials Guidebook v
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As an additional aid to the spacecraft designer, members of
the Materials Section are available for consultation on materials
problenis. Questions regarding the contents of the Guidebook
should also be directed to this section.®

° It should be noted that the Guidebook is published for the use of JPL personnel and,
when appropriate, to JPL subcontractors. It is an internal publication of the Laboratory
and is not designed for circulation to other persons or organizations.
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1.0 SCOPE

The successful launching and subsequent flight of instrumented space-
craft depend, in large measure, upon the proper selection of materials of con-
struction. Such materials must be capable of performing in a satisfactory
marnner, not only in the familiar environment of the Earth’s atmosphere, but,
of more importance, in the less familiar and less understood environment of
space.

The user of this Guidebook should recognize that the recommendations
stated here are intended only as a guide to the design engineer in his selection
of materials. There is no easy way of selecting materials. Before a final selec-
tion can be made, many factors and “trade-offs” must be considered. The most
certain way of assuring a satisfactory selection is a thorough analysis of the
application, performed jointly by the design engineer and materials specialist.

The space environment is unique. There are many single environmental
factors which can combine to produce deleterious effects on some materials.
In other instances, the space environment appears to be less severe than the
Earth environment. A case in point is that of the materials whose degradation
involves oxidation processes. The lack of oxygen in the space environment can
raise the upper temperature limit of usefulness of some polymers, can cause
an improvement in radiation resistance (e.g., Teflon plastics), or can eliminate
the catastrophic oxidation behavior of some metals at high temperatures (e.g.,
molybdenum). Whether some of the advantages of space environment can be
realized in practice is somewhat problematical, since checkout procedures
usually dictate that a hardware item be capable of performing in air. Thus,
in practice, the real problem of materials selection usually resolves to the
choice of a material that will perform satisfactorily in both Earth and space
environments.

It is the purpose of this Guidebook to recommend materials which
appear to be suitable for use in spacecraft, rather than to define the space
environment. Suitability will be determined (1) from information gathered in
space flights, especially those designed to give useful materials data, (2) from
data obtained in simulated-space-environment research and development, (3)
from the judgment of qualified materials experts, and (4) from information
supplied by materials producers.

Spacecrafit Materials Guidebook 1.0-1
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1.0 (Cont'd)

It is obviously impossible to supply complete materials information in
the Guidebook. In order to maintain a manageable situation, it is necessary
to establish restraints. The following restraints have been established to serve
as general criteria for inclusion of material:

1. Coverage is generally limited to information which is considered par-
ticularly applicable to the field of instrumented spacecraft.

2. In addition, long-established information is included where it is ap-
parent that such information may be useful to Laboratory personnel.

The selections indicated in the Guidebook are, of necessity, conservative.
If a material of interest does not appear, one or more of the following reasons
govern its omission:

1. It is not considered suitable in spacecraft applications.
2. Too little is presently known about it to permit its inclusion.

3. A recommendation is scheduled for future release as an addition to
the Guidebook.

4. Another material described in the Guidebook will do the job as well
or better.

5. Standard technology will suffice; that is, its application presents no
problems unique to spacecraft.

6. Its usage is restricted to a small area of application.

In connection with point 4, above, it is of utmost importance that the total
list of materials used in a spacecraft be kept as small as possible. The coopera-
tion of the design engineer is requested in this regard.

In general, there appear to be more questions regarding the use of
organic polymers than is the case with the inorganic materials. For this
reason, initial emphasis is placed on the former substances. In this connection,
only polymers capable of operating, at least intermittently, at a minimum tem-
perature of 125°C (255°F) are included. Such an approach should tend to
ease both sterilization problems and difficult temperature-control problems.
Very little information of direct use to engineering selection is available on

Spacecratt Materials Guidebook 1.0-2
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1.0 (Cont'd)

polymers. For this reason, the information presented must be considered
tentative at this time.

In some instances, it will be necessary to conduct special tests before
a final materials selection can be made. The Materials Section is available to
assist in planning such tests, and can further serve as a “clearing house” ‘or
such information.

The Table of Contents lists those subjects which appear to be of general
interest to designers of instrumented spacecraft. It is recognized that there
are groups of individuals at JPL who are more qualified in some special areas
than is the Materials Section. However, since it is desirable to have a single
source for the type of information contained in this volume, it is requested
that qualified individuals or groups submit information to the Materials Sec-
tion for possible inclusion in the Guidebook.

Spacecraft Materiais Guidebook 1.0-3
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2.0 RECOMMENDED MATERIALS

In this Section, the materials described represent only those which are
currently recommended for spacecraft construction. They are categorized by
function, rather than by individual material type, and the information is pre-
sented throughout in tabular form. It should be noted that the property data
listed are based upon optimum conditions and, therefore, are intended to be
used only for purposes of comparison and general information; these are not
design or specification values.

The condensed tabular data outlined in this Section are amplified in
Section 3.0 by discussions of the general classes of materials recommended,
and are further supplemented in the Appendix (Section 6.0) by detailed infor-
mation on certain products of especial interest.

It is recommended, particularly with respect to polymeric materials, that
appropriate screening tests be performed prior to final material selection.
These tests should include evaporation or outgassing rates from thermal-
vacuum evaluations. Other tests directed toward specific environmental
conditions, such as ultraviolet stability, should be included. Volatile formula-
tions should be excluded whenever possible. Materials having questionable
temperature stability should rot be used. Before proceeding with screening
tests, the designer should consult the Materials Section.

The materials cited should be processed in accordance with the manu-
facturer’s recommended procedure. Care must be taken to ensure that they
have been properly processed and fabricated. Particular attention must be
directed to proper cure and post-cure (heat and/or vacuum) cycles. When
applicable, attention should be directed toward problems of creep, cold flow,
thermal stability, ultraviolet stability, etc.

The suppliers noted in this Section are, in genera!, manufacturers of the
basic materials and are listed to provide a source of further information. They
do not necessarily supply the finished product. For example, du Pont produces
Teflon, but does not supply Teflon-insulated wire and cable.

Spacecraft Materials Guidebook 2.0
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2.1 Seals and Gaskets

The materials covered in this subsection comprise flexible to semirigid
substances for use as seals, including various O-rings and gaskets. These mate-
rials are to be obtained in finished form before application, as opposed, for
example, to foaming materials in place.

The information is presented in the following categories:
2.1.1 Seals and Gaskets: Organic Materials
2.1.2+ Seals and Gaskets: Inorganic Materials

tData for this subsection are being compiled and, when completed, will be added to the
Guidebook.
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2.2 Sealant, Potting, and Encapsulating Materials

This subsection covers (1) nonvolatile liquid materials which can be vul-
canized or cured to solid form with minimum shrinkage for potting, casting,
or encapsulating applications; and (2) the same materials, as well as those
containing volatile components, such as solvents, for use as sealants for voids,
gaps, seams, etc. Mctallic sealants, such as solders and brazing and welding
materials, are discussed in subsection 2.4.

The information is presented in the following categories:
2.2.1 Sealants: General Purpose, Flexible

222 Potting and Encapsulating Materials:
General Purpose, Flexible

Spacecraft Materials Guidebook 2.2
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2.3 Adhesives

This subsection covers adhesives for both structural and nonstructural
use. As defined here, a structural adhesive supports a load and, therefore, is
undur stress. In a sense, the material would replace, or would be used in con-
junriion with, a rivet, bolt, weld, ¢tc. A nonstructural adhesive is intended to
adhiere to or hold materials, but would be subjected to a minimum of stress.

The information is presented in the following categories:
2.3.1 Adhesives: General Purpose, Structural
2.3.2 Adhesives: Special Purpose, Structural
2.3.3 Adhesives: General Purpose, Nonstructural

2.3.4 Adhesives: Special Purpose, Nonstructural .
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2.3.4 Adhesives: Special Purpose, Nonstructural

Pertinent information

Recommended material

RTV types*

Form and color

Viscosity at 25°C (75°F), poises

Shelf life at 25°C (75°F), mo

Pot life ot 25°C (75°F), hr

Minimum cure cycle at 25°C (75°F), hr
Tensile shear strength, psi

Service temperature limits

Liquids to stiff pastes, color varying with type
%, t0 15,000
3106
11012
12 to 30
50 to 700

—70 to 315°C
(—95 to 600°F)

General notes

A post-cure is necessary for best environmental
performance.

Primers are needed for best adhesive strength. All ma-
terials are silicones, have good electrical properties,
and can also be used as coating, potiing, and encap-
sulating materials. Some can be used as adhesive/
sealants (e.g., RTV-102, RTV-103, etc.). Materials are,
in general, svitable for bonding metal, rubber, plastics,
glass, and ceramics.

Supplier

Silicone Products Department, General Electric Co.,
8555 E. Florence Ave., Downey, Calif. Phone, SP 3-3144

sAmplified data for this material appear in the Appendix, subsection 6.1.
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2.6 Coatings and Finishes

This subsection covers various types of coatings and finishes, both
organic and inorganic, for use as protective and insulating materials, and also
in temperature-control applications. Decorative finishes and marking mate-
rials are discussed in subsection 2.24.t

The information is presented in the foliowing categories:

26.1
2.6.2
26.3
2.6.4

26.5
2.6.6t
2.6.7%

Coatings: Temperature Control, White (Solar Reflectors)
Coatings: Temperature Control, Black (Flat Absorbers)
Coatings: Temperature Control (Special Purpose)

Coatings: Protective and Electrical Insulating,
General Purpose

Coatings: Conformal
Finishes: Metullic, Protective

Finishes: Metallic, Temperature Control

tData for this subsection are being comj:iled and, when completed, will be added to the

Guidebook.
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2.6.5 Coatings: Conformal

The recommended materials are JPL No. 1001 and JPL No. 1002 poly-
urethane conformal coatings formulated to JPL Material Specifications
ZME-1061-0001-A and ZME-1081-0002, respectively. JPL No. 1001 contains
a fluorescent dye for inspection purposes.

Spacecraft Materials Guirdiebook 2.6.5
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2.7 Films, Sheets, Tapes, and Textiles

This subsection covers general materials and specific products for (1)
plastics films, (2) plastics and elastomeric sheets, (3) plastics and elastomeric
tapes, and (4) textiles. Laminated plastics sheets, metallic sheets, ceramic
sheets, metallic films and foils, and composite materials are discussed in sub-
section 2.25.1 It should be noted that, in some instances, the terms films,
tapes, and textiles can be used interchangeably.

The information is presented in the following categories:

2.7.1
272
27.3
2.74
2.7.5
276
277
278
2.7.9

Films: Plastics (Thickness 0.010 in. or Less)

Sheets: Plastics (Thickness Greater Than :).010 in.)
Sheets: Elastomers (Thickness Greater Than 0.010 in.)
Tapes: Plastics Films

Tapes: Elaston.eric

Tapes: Specific Products

Textiles

Textiles: Coated Fabrics

Textiles: Tie Cord (Lacing Tape)

2.7.10 Textiles: Sleeving

{Data for this subsection are being compiled and, when completed, will be added to the

Guidebook.
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2.9 Insulation

This subsection contains descriptions of materials which are recc-
mended for use as electrical and/or thermal insulation. Since many of these
materials are listed elsewhere in the Guidebook, a minimum amount of infor-

mation is included here. For more d:atailr on these substances, references are
provided.

The information is presented in the following categories:
2.9.1 Insulation: Elecirical, Plastics
2.9.2 Insulation: Electrical, Elastomers
2.9.3 Insulation: Electrical, Varnishes

2.94 Insulation: Electrical, Coating, Potting, and Encapsulating
Materials

2.9.5 Insulation: Electrical, Shrinkable Materials
2.9.6 Insulation: Electrical, Foams
2.9.7 Insulation: Electrical, Miscellaneous

2.9.8 Insulation: Thermal, Plastics Films

Spacecrait Materials Guidebook 2.9
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2.9.7 Insulation: Electrical, Miscellaneous Materials

Supporting or reinforcing textiles. Refer to subsection 2.7.6.
Laminated or reinforced plastics. Refer to subsection 2.25.3.
Mica composition. Refer to subsection 2.25¢%.

Tapes. Refer to subsections 2.7.4 and 2.7.5,

Fluids. Refer to subsection 2.17%.

Wire enamels. Refer to subsection 2.10.5.

Circuit boards. Refer to subsection 2.25.5.

{Data for this subsection are being compiled and, when completed, will be added to the
Guidebook.
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2.9.8 Insulation: Thermel, Plastics Films

The following plastics films are recommended for thermal insulation
applications. The Materials Section should be consulted for specific properties
and methods of fabrication.

Muylar Type A aluminized

Tedlar 200BG30WH

Tedlar Modification B Aluminized
Teflon FEP Type A Aluminized

Spacecraft Materials Guidebook 2.9.8
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2.10 Insulated Wire ond Cable, and Associated Hardware

This subsection covers materials which are recommended for insulated-
wire and -cable constructions.

The information is presented in the following categories:
2.10.1 Jacket and Insulation, Elastomers
2.10.2 Jacket and Insulation, Extrudable Plastics
2.10.3 Jacket and Insulation, Wrapped Films or Tapes
2.10.4% Jacket, Composite
2.10.5 Wire Enamel

tData for this subsection are being compiled and, when completed, will be added to the
Guidebook.
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2.10.2 Wire and Cable Materials: Jacke? and insulation, Extrudable Plastics

Recommended material

Portinent
information Lexan® FEP 7eflon® TFE Teflon®
Chemical type Polycarbonate Fluorocarbon Fluorocarbon
Hardness M-70 to R-118 R-25 (Rockwell) 50 to 60 (Shore D)
(Rockwoll)

Tensile strength, 81010 2.5 10 3.0 1.5 % 4,0

1,000 psi
Elongation, %, 60 to 100 200 to 350 100 to 400
Impact strengih, 12t0 16 No break 3.0

ft-1b. in.
Flexural strength, 111013 Does not apply Does not apply

1,000 psi

Compressive strength,
1,000 psi

Service temperature
limits

1

—165 to 150°C
(—265 to 300°F)

Does not apply 1.7

—260 to 320°C
(—435 to 610°F)

—260 to 230°C
(—435 to 445°F)

Supplier

Chemical Materials Dept.
General Eiectric Co.
8555 E. Florence Ave.
Downey, Calif.

Phone, SP 3-3144

Plasiics Dept. :

E. I. dv Pont de Nemours and Co.
2930 E. 44th St.

Vernon, Calif.

Phone, LU 2-6464

sAmplified dota for this material appear in the Appendix, subsection 6.1.
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2.24 Marking Materials

The materiais covered in this subsection are general purpose mediun-
fast, non-etching, pigment-type opaque inks, and a photosensitive material for
general purpose use.

The information is presented in the following categories:

2.24.1 Marking Materials: General Purpose

Spacecraft Materialis Guidebook 2.24

g



Revisec DECEMBER 1, 1965

0599-1 V4 ‘ouoyy

*§110) ‘Sudpiog

IS PUZBL iseM\ 909

*3u! ‘Buiwn) puo uosiowy

0195-589 ‘ouoyq
“JUOD “I0MIYM
PoOOY DIGALY 808
uoIsIAI(Q SO0
WISYINag 241d04
‘09 JOpoO)} UDW;sO3

1810-1Z¢ ‘ouoyy
*$110) ‘oudpiog
Uo|oAY *S 504r71
‘0 Ju} Juepuedapuy

s91ddng

*$jul 3y} 10} Buyood va1d3401d £ SO AJuo pasa st 003033 By} ‘SIIDINS

ii9qiosqo-uou pud ‘juaqiosqo-1uas ‘juaqIosqD uo Bunjiow Joj pajins A|0ssuab 2ip spusjoW By)

LETLITT YEITEY, Y

(3.00% o1 66}
o50Z ©1 9L —

(4,05Z) 2,0Z1 1oy 7
soid (4.62) D, ST w9
24
WK

G ‘ainjxiw

SjuaA|OS
Buiuiojuod spinbi omj

Axod3

(4.00€ 01 52 —)
2,021 ° 09—

(4,0€2) D011
o 1y | seid (3,67)
D,SZ i0 Yanoy of Aig

ow ¢

ow 9

00s1
sysoid

SANISUIS §D|OIADI|N
UD JO UOYN|OS JUDIA|OT

(3.00€ 04 G2—)
J.0S! ©f 09—

(4,62) D,§T 0 " 1t
ow ¢

ow ¢

JU3AjOs Ul Syuy

sju sinioiodway 3NALS

31243 340 wawiuiy

{4,62) D,ST 10 31 104

(4062) D.ST 10 3 5194S

(4,6£) D,5T 1o s3si0d ‘Ajis0IsIA

w04

ad4} jonway)

8/v 00T 13 09023

(UdN) 5159y ojoyd Hopoy

SUYM XEL PUD NIDIg XEL

[oudBW PapuUIWWOIDY

UOHDUIOJU! JUIUIISY

asoding [DJ3UD9) :S|PDUDW BubPW 1T T

5

2.24'1

Spacecraft Materials Guidebook



Revised DECEMBER 1, 1965

2.25 General Structural Materials

This subsection covers both organic and inorganic materials which are
suitable for use for general-purpose structural applications. Composites which
contain both organic and inorganic components (e.g., epoxy-fiberglass lami-
nates) are treated here as organic materials. The materials listed may also be
used, as appropriate, for nonstructural applications.

The information is presented in the following categories:
2.25.1 Organic Maierials: Thermosetting Plastics
2.25.2 Organic Materials: Thermoplastic Plastics
2253 Organic Materials: Laminates
2.25.4 Organic Materials: Honeycomb Core
2.25.5 Organic Materials: Circuit Boards
2.25.6t Inorganic Materials: Carbon and Low Alloy Steels
2.25.7t Inorganic Materials: Stainless Steels
2.25.8t Inorganic Materials: Miscellaneous Ferrous Metals
2.25.9% Inorganic Materials: Heat-Resisting Alloys
2.25.10t Inorganic Materials: Aluminum and Alloys
2.25.11t Inorganic Materials: Copper and Alloys
2.25.12t Inorganic Materials: Magnesium and Alloys
2.25.13t Inorganic Materials: Nickel and Alloys
2.25.141 Inorganic Materials: Titanium and Alloys
2.25.15% Inorganic Matefial,;: Precious Metals and Alloys
2.25.16t Inorganic Materials: Miscellaneous Metals
2.25.17%1 Inorganic Materials: Ceramics
2.25.18t Inorganic Materials: Composits

{Data for this subsection are being compiled and, when completed, will be added to the
Guidebook.

Snacecrait Materials Guidebook 2.25



“1ESB-LLY “LLYY-TLT "ouoyd

SZ006 “§110) ‘sajeSuy s0) “"exy OYSOIQON 0£ZZ1 ‘€0 [921WSYD) PRIV ‘°AlQ SISOl ‘SIInpely DSOW

J91ddng

*Su010d11ddD [D312)I312 10§ I|qD;iNS OS|D IID S|DIIDIOW ISIY )

S9jouU [DIBUIS

DLW PIPUIWWOIIY

(4,54¢€) (1,005<) (+4,5¢S) (+4,5¢S) (+4,5vS) (+4.5¢S)
2,061 2,092 +J,582 +2,582 +2,582 42,687 3injo1adwa} uoIOSIP- DI
(3.0 (4,556 (4,009 (1,009 (3,009 (4,009
04 OPT —~) oI O¥Z—) 4 0P —) ol OvZ ! o} O¥Z—) o} O¥Z—)
Jo0ZZ 91 0SL— | D,06Z © 0S1— | DoSIECHOSL— | DoSLEOL QG — | DoFIE VM OSL— | D SLE O1 OSL — spwi| 3injosadway 3dAIag
( sJnjosadwa; woos J03u
? 3,/ ut/ us
+-01 X 0Z -0l X 02 0l X €€ -0l X €€ -0l X €€ -0l X €€ uoisucdxd JO Jualdiy}30d Jodul}
ainjniadwa; woos Jodu
‘un/y, /wd/r98/19d 0|
cLo/ olLo / Lo s tLos Lo g tLogs ‘AIALINPUO) (DwIBY |
X You jo u1/qi-y
S¥o 0§00 0T o't +91 ol ‘poz| ‘yibuays poduwy
(voiw) (roiw) 0% 09 €9 s (1134¥20)) pup |0di0g ‘SsaupIDy
(4,62) D,6T 10
000°91 000°0Z 090’02 000°02 000°8Z 000°1L1 ‘1sd ‘yjbuays |canxaly
(4,62) D,6C 10
00zZ‘1e 000°'t€ 000°0¢ 000°ze 000°r¢E 000°ZE ‘1sd ‘yibuasys aarssasdwo)
(3,5Z2) DS 10
. 000°6 005’6 000°S1 000°t 1 000°Ct 004's ‘1sd ‘yjbuays ajisus)
vl z6'! SZ\ vl 98°1 to°t Ai1a016 dyadg
J2qy 19qy Jaqy Jaqy
17775 sso)o) ssojB :xaipaw sso|b jioyg sso|b Buoy ss0)b buoj 1uabn Buioyuray
Axod3 od3 aojoyiyd (Ajjo1q| aiojoyiyd jAjio1q | aiojoyiyd (4Aj10iq | 3iojoysyd j4oig 3dAj |onway)
09¢ dondy 161 110d] ov-Si li®Q ol-Sd li=o!Q 08-S3 g -S4 li®lQ

uoHDWIOHU JUBUII

Revised DECEMBER 1, 1965

SJNSDid Dujjiasounsay] :s|pupY unbiQ) |°SZ'T

2.250'-'

Spacecraft Materials Guidebook



Revised DECEMBER 1, 1965

9816-6 Lv ‘ouoyy
"§110) ‘oiquinyly
‘PY uotssiy "M ££0€
*di07) Suiuio) moQ

1€68-LL¥ ‘1L¥Y-2LT “ouoyd
$Z006 #1103 ‘sejeBuy 507
*9AY DXSDIQON 0£ZZ1

*d10) |021WIY) paljiyY

"A1Q $IUSD4 ‘sidnpoid Dsow

Jaddng

(3.0€6 °1 00£—)
J.005 ©1 007 -

{+1,5¢vS)
.58
(1.0 o1 OvZ—)

11,54¢8)
2,061
(4.0€¥ ot OvZ —)

34nj013d W3} UOIIOISIP-|DIH

s-0l X 8°0 J.0ZZ ° 0S1 — J.0ZZ ©1 051 — siiun) ainjosadway IdNAsag
asnjorodwsy woos JosYy
P XYALTALT
uoisundxa jo juai121}430d JD3UI |
sinjoiadwa} w004 05U
‘W[, /w3 /395 /193 , 0|
o] 4 Si ‘Anatpnpuod pwisay)
Yaiou jo ui/qj-y
y8w 0°€lL zs0 ‘POz ‘Ybuays pnduwy
(11I3M1>0Y) pup |0di0Dg ‘ssaupicy
(406Z) DoST i0
c00°0Z 008'v¢ 00S°Z1 ‘1sd ‘yibudys |osnxaly
(4562) D.5T 1o
00521 000'62 00s°22 ‘15d ‘yibuays saissaadwo)
(4.64) D.SC 10
0co’9 00s°91 ooL’6 ‘15d ‘ybuays ajisuay
8RL 69t $8°! A11A016 dy1dadg
SSBIO) 19q;i: sso|b 6uoq Jaqyy sso|b jioyg tudbo Buniojuiay
JuodI|Ig J1jousyd doudyy ad4y joway>H
cl0l-6-W 0908 [|pudyd 0108 [Iduayd

|BU3DW POpPUIWWOITY

UOIIDWIIOJU) JUdULIDY

(P.4u0)) 1°ST'T

o’

202501-2

Spacecraft Materials Guidebook



*179 uodasqns ‘xipusddy Sy} ul J0addD [D1IS;OW S1Y} 10} OIDP PoljIdiuy,

2.25.2

Revised DECEMBER 1, 1965

Y9v9-C N1 ‘suoyy
190€-€ N1 ‘suoyy FPLE-E 4 Puoyy *§10) ‘uousdp
85006 3119 ‘s9196uy 501 "§119) ‘hsumog IS Yivr "3 0E62Z 1518-Z NQ ‘suoyd
‘PAlgQ S1u0OBY 0L ‘9AY U014 ‘I CCCH *07) PuD 1AW *}110) ’sojebuy s0}
.nsOU $PI1qIo) vorun “0) 2131139)3 03U ap uoyg np °| "3 “PAIG SIIYSIIAA OSYPE
UOISIALQ SNSD}d *1d9Q S|DIBIOW [021WIYD jdaq $d21s014 *070) 19pM.0d SI|NIIGH 191|ddng
*SIDIDUIW SNOLIDA YJIM PIDIOJUIDI 3 UDD ¢S 1WA |04 PUD UOjUad !5soib yjIm padiojuial aq upd ubxX3)
*su0od|ddo §12103034s 20) 3SR 3G U310 Acw ‘°313 ‘spunodwod Builc.. ‘SaAISOYPD SO Paljisso]d S|plBjow Audw SOjou |DIBUID
(3.6%€ 01 061 —)|(4.00¥ OF £§Z—)]|{4.00€ ©4 SST— )} (24,05Z 04 SOL—) (3,062 01 0Z¥— )| (3.00€ ©4 0L—)
DoSLL O 00L— | DoS0Z © 0LL— | D0SL © 091 — | D.0CZ1 O34 6/ — J.00¥ 01 05T — J.061 O1 G — spwy) 3anjosadwal 3d1AI3g
24nj0i3dwad} WOo) 103U
),/ ut/ u1 ‘uoisundxa
-0l X Tt s-0l X ¥°S s-0l X £ -0l X '8 Ol X I'¥ -0l X 9°C1 §O ud1}}303 JD3UN
dinjoisdodwa; woou
403U *ut /D [ ur/I9s /|00
- - 0L X 9F - Ol X T4 »-0l X EI'E ‘Apapnpuod joussyy
ydou jo ‘ui/q|-i
€1 8’1 14! AL AN | §S°0 0 poz| ‘yjbuaays ppodu
0Z13 ‘69W 6113 8L1d ° LW 0Z13 ‘'v6wW LW ooty l13Myd0Y ‘ssaupIDy
(4,54) D,SC 0
coFr'st 000°v1 000°Z! 000'v1 00s'v1 co0’s ‘1sd ‘yibuays joinxaly
(4,62) D52 o
- - 000°1 1 - 00S°22 000’6 ‘15d ‘yibusays aarssaidwo)
(4,62) J.ST e
000’01 000’01 000°C1 000’6 00s°tl 000’9 ‘1sd ‘yibuays ajisual
T 90°1 A ISyl eVl vl Annaoib >ynadg
JuoN SUON ssoib 10 ‘suopN SuopN SUON S|joJSuUlW 1O SUON jusbo Buniojuiay
pixp
duoynsh o4 auajhAuaydLjog 9j0u0cqIDIA|0d4 jojady aprunijog J9Yj9A|cd ad4; jonwsy)
A
suoynsijod Odd UDXDY upjag dS 1swAijog uojuagd P———
|DUOW PIPUNBWOIDY usumpad

S2)SDjd Um.—mﬂ_ﬂ.ﬁgﬂa—.—. S|puIvidW Umaﬂm.-o r ALt Ar A

Spacecraft Materials Guidebook



DECEMBER 1, 1965

09$6-Z NH ‘ouoyy
*10D ‘sopebuy soy
“9AY |04 IS 009

*d103 1393 dsnoyBulsapn

UOISIAL] DHDIIW

J9yjddng

1

"SSD|S 13qY YA PS210jUIDL 4D S|DURDW |iY

‘SPOJ Paind pubd ‘s39Z ‘sjauubyd ‘s3jbup
] Y> 's9)

| ‘stosys o} paubisso saqunu apoiB |DIsuabB Iy WOl SIYPP § 35n223q ‘Aj9ypandas umoys si Jaquinu aposb Buiqny

$9J0U jDIBUIS)

a0l x |
adl x§

0S¢
-0l X/
s-01 ¥ 8°0
o0l X 2°C
000°£Z

000°sZ
08’1

{4,65€) O.081

u0l x9
all X9

00¢
-0l X2l
-0l X 01
901l x 2°C

000°0S

000‘0¥
16°1

(3,592) J,0€ 1

uol xy
a0l x €1

oLy
-0l X £2°9
s-0L X /1
901 X p'E
000’121

000°SZ
€6°1

{4,§9¢) J,0¢€1

ol xg
alOl X 6°¢

0SS
-0i X £T°9
-0l X 2'1
90l x 8°€
00024

000'S9
98°1l

(4,592) J,0¢1

a0l x |
udl x¢

00s
0L X 649
s-0l X 89°C
0L X /L'E
000'v£

000°0S
1£- N

(4,0L€) D561

SWYo ‘A§iAysisaa 9504ung

WO-WYO ‘AJALISISOI SWNOA
Rw/A ‘Swy-pioys

‘Yibuays >upsjaq
wd /3, [wd [33s 193

‘AiALdnpuod [punIay)
Do/ W/ u ‘uoss

-undxa JO Jus1YJS0d JDIUL]
(4,54) O,5¢ 4o 15d

‘A3124sDJ® jo snjnpow |DINX3|4
(4,54) J.ST o

“1ed ‘yibusys Joinxaly
(4,54) O,ST o

‘1sd ‘yBuays apsuaj

Apanab cyadg
anypiodway

9J1AJ3S-SNOAUHUOD WNAWIXDWY

[PUADW PIpUIWWEIIY

¢-0000¢ 1441 C06°AH 081-AH CCE-AH 9pnib Buign)
Juodig suludIaW Axod3y Axod3 Joudyy ad4y joo1wmay)
Z-10Z0Z suonW T-6ST cuDIW 0R*L1-H BUDIIYW 4SY8-H BUDMIW PEBS H dHDAW uoyDuLIOJuY
jueuudg

SINSD|d Pajouiwp] :sjpUdDW Nubbi0 £°6Z°C

2.25.3

Spacecraft Materials Guidekook



Revised DECEMBER 1, 1965

‘P99P-EV8 (S 1Y) ‘Suoud "01LY6 "J:10D “AS|910g ‘°I§ YN0 ZEET ‘*IU| ‘SIINPOid |9IXSH

J91|ddng

‘uOI§DI1IGD} O}

soud anA1as Ul PaPRadxd injosadwa) WAWIXDW By} D SINOY § Paind §sod 3q P|NOYS S|DIISJOW S¥H puo
diH "331A19s ut asnidns Buisnod dn pjing Jou |pm aunssaud oYy Sinsul OF USRD} AuDd 4O ‘10) papiacid aq
isnvs Buyuas 3jonbapo ‘sayNMmpuDs qWOdAaucy SO spPAPoad Pud YINS 10) PAsN 3q O} IID S|DLISIDW Iy} Y

S9jou |DIBUBS

{(3.00€ 3 SOi —)
D.,0S1 0 62—

un ysin|q 461y

quiodAauoy s3isakjod JojAw

{1,006 ©1 01 —)
o09Z Ol G4 —

uo}

uisS31 3UOdIjis D
Yim pajoubaicen quod
-A3uoy pa3i0juias sSD|O)

(3.GPE ©1 SO1L—)
DoSZ1 O 62—

umoug

uisaa d1jousyd judjsisal
-jo3Y D Yjim pajoubaiduws
quwodAauoy pariojuiay

spuat) aanjoiadwaj 9AIGG

10j0)

uoLdinsaqg

HWH

SUH

diH

|PUIDW PIPUINNIOIIY

UOIIDWIIOJUI JUBULIDY

9100 ¢jWodASuol SsjpudPW NupbiQ 'Sz

A b R AT AT R S i

i

2.25.4

Spacecraft Materials Guidebook



SEATE it

Revised DECEMBER 1, 1965

2.25.5 Orgenic Materials: Circuit Boards

Pertinent information

Recommended material

Micarta 65M25

Description

Bond strength, ib
1-0z copper
2-0z coppui

Heat resistance, hot solder sec at
260°C (500°F)

Flexural strength, flatwise, LW, psi
vitimate

Impact strength, lzod, edgewise, LW,
ft-lb/in notch

Tensile strength, LW, psi vitimate

Hardness, Rockwell

Copper clad Epoxy-glass laminate

10
12

20

76,000

10

65,000

M115

Supplier

Micarta Division

Westinghouse Electric Corporation
600 St. Poul Avenue

Los Angeles, Caiif.

Phone, HU 2-9660

Spacecrait Materials Guidebook
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2.26 General Nonstructural Materials

This subsection covers both organic and inorganic materials which are
suitable for use for general-purpose nonstructural applications. Composites
which contain both organic and inorganic components (e.g., epoxy-fiber-glass
laminates) are treated here as organic materials.

The information is presented in the following categories:
2.26.1 Organic Materials: Plastics
2.26.2 Organic Materials: Elastomers
2.26.3 Organic Materials: Coated Fabrics
2.26.41 Organic Materials: Miscellaneous
2.26.51 Inorganic Materials: Miscellaneous Metals
2.26.6t Inorganic Materials: Ceramics

2.26.7t Inorganic Materials: Composites

{Data for this subsection are being compiled and, when completed, will be added to the
Guidebook.

M
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3.0 GENERAL MATERIALS
INFORMATION

Since the term materials covers a broad spectrum of types and forms, as
well as chemical and physical make-up, it is extremely difficult (if not im-
possible) for one person to be well versed in all aspects of materials applica-
tions. Therefore, this Section is intended to amplify the information given in
Section 2.0 by presenting brief descriptions of the various types. (Detailed
supplementary data for some of the materials discussed in this Section are
presented in the Appendix, Section 6.0.) In addition, some new or familiar
materials which are not recommended are discussed to clarify the reasons for
their omission. It should be noted that the property data listed are based upon
optimum conditions and, therefore, are intended to be used only for com-
parative purposes and general information; they are not design or specification
values.

The suppliers listed in each category are, in general, manufacturers of
the basic materials, and are noted to provide sources of more detailed infor-
mation. They do not necessarily supply the finished product. For example,
General Electric produces Lexan, but does not furnish molded products of
Lexan.

The information is presented in the following categories:
3.1 Organic Materials
3.2t Inorganic Materials

Generally speaking, the organic materials are listed by chemical class, whereas
the inorganic materials are listed by their common names.

T Data for this subsection are being compiled and, when completed, will be added to the
Guidebook.
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3.1 Organic Materials

The organic materials described in this Section are listed below. In
referring to the more detailed information presented in the Appendix, Sec-
tion 6.0, note that the numbering system parallels that employed here: for
example, polycarbcnate plastics are discussed in subsections 3.1.9 and 6.1.9.

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18

Chlorosulfonated Polyethylene Elastomers
Polyacrylic Elastomers
Fluoroelastomers
Isobutylene-Isoprene Elastomers
Silicone Elastomers (Millable)

Silicone Elastomers (Liquid and Paste)
Fluorocarbon Plastics

Polyesters

Polycarbonate Plastics

Epoxy Resins

Polyimide Resins

Alkyd Resins

Phenolic Resins

Silicone Resins

Polyamide Resins

Chlorinated Poulyether Plastic |
Melamine Resins

Allyl Resins

tData for this subsection are being compiled and, when completed, will be added to the

Guidebook.

e s )
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3.1.1 Chlorosulfonated Polyethylene Elastomers

Hypalon 20, 30, and 40 are related elastomeric copolymers of chloro-
sulfonated polyethylene which can be compounded to satisfy a great variety
of end uses. Hypalon 40 is generally recommended because of its easy proc-
essing. Hypalon 20 is slightly better for electrical applications. Hypalon 30 is
used for solution coatings, alone or in combination with Hypalon 20. In some
instances, Hypalon 20 can be used alone for solution coatings.

Advantages. Good resistance to chemicals, oznne, heat, radiation, oil,
oxidation, and abrasion. Good mechanical and electrical properties.

Disadvantages. Poor low-temperature properties. Not resistant to pro-
longed exposure to high temperatures.

Temperature ranges.
Intermittent: —40 to 150°C (—40 to 300°F)
Long-time: —25 to 110°C (—15 to 230°F)

Precautions. Since Hypalon is compounded to meet specific end uses,
the resulting materials may not necessarily be equivalent in their resistance to
deleterious environments. Heat-sterilization cycles may produce incipient-to-
moderate damage.

Typical uses. Wire and cable insulation and jacket, mechanicc1 goods,
seals, hose, linings, coatings.

Manufacturer of base polymers. Elastomer Chemicals Department, E. 1.
du Pont de Nemours and Company, Inc., Wilmington, Delaware. West Coast
Office: 2930 East 44th Street, Vernon, California; phone, LUdlow 2-6464.

Tradenames. Hypalon 20, Hypalon 30, Hypalon 40.

Generic names. Chlorosulfonated polyethylene, CSPE.

Spacecratft lviateriais Guidebook 3.1.1
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3.1.2 Polyacrylic Elastomers

The commercially important polyacrylic elastomers compris¢ cupoly-
mers of acrylic acid esters and halogen-containing derivatives. Compounding
ingredients are added to raw gum stocks which are then processed and fabri-
cated to the desired end-use item.

Advantages: Good resistance to oxidation, oils, and permeability by many
gases. Excellent ozone resistance.

Disadvantages: Poor resistance to low temperatures, water, and many
water-coluble materials, and alkalis and acids.

Temperature ranges.

Intermittent: —40 to 205°C (—40 to 400°F)

Long-time: —20 to 350° (—5 to 300°F)

Precaution. Since polyacrylic gums are compeunded to meet specific

end uses, the resulting compounds raay not necessarily be equivalent in their
resistance to deleterious environments.

Typical uses. Mechanical goods, wire and cable jacket, hose, coatings,
seals and gaskets.

Manufacturer of base polymer. B. F. Goodrich Chemical Conpany,
3135 Euclid Avenue, Cleveland, Ohio 44115. Viest Coast office: 714 West
Olympic Boulevard, Los Angeles, California 90015. Phone, 749-9157.

Tradename. Hycar 4021.

Generic Name. Polyacrylic.

Spacecraft Materials Guidebook 3.1.2
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3.1.3 Fluoroelastomers

Fluoroelastomer is a generic name relating elastomers which have fluo-
rine in the polymer molecule. At present, only the elastomeric copolymers of
vinylidene fluoride and hexafluoropropylene are recommended.

Advantages. Excellent resistance to heat, chemicals, ozone, oils, oxidation.

Disadvantages. Poor-low temperature properties. Relatively poor radia-
tion resistance in air.

Temperature ranges.

Intermittent: —40 to 300°C (—40 to 570°F)

Long-time: —20 to 200°C (—5 to 390°F)

Precautions. Since the fluoroelastomer bas# gum is compounded to meet
specific end uses, the resulting compounds may not necessarily be equivalent

in their resistance to deleterious environments. A post-cure is necessary for
best environmental performance.

Typical uses. Mechanical goods, seals, coatings, linings, wire and cable
insulation and jacket.

Manufacturer of base polymer. Elastomer Chemicals Department, E, 1.
du Pont de Nemours and Company, Inc., Wilmington, Delaware. West Coast
Office: 2930 East 44th Street, Vernon, California; phcae, LUdlow 2-6464.

Tradename. Viton _

Generic names. Fluoroelastomer, fluorocarbon rubber, VFHE.
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3.1 4 tiuhutylene-lsoprene Elastomers

The copolymerization of isobutylene with small amounts of isoprene re-
sults in an elastomeric raw gum rubber which is gener -ally known as butyl
rubber. The copolymers may be modified by such chemicals as bromine or
chlorine to produce special properties.

Advantages. Good resistance to gas permeability, ozone, heat, oxidation,
hydrazine. Good electrical properties.

Disadvantages. Poor resistance to many organic solvents. Poor radiation
resistance in air.

Temperature ranges.

Intermittent: —100 to 200°C ( — 150 to 390°F)

Long-time: —60 to 140°C (—75 to 285°F)

Precautions. Since butyl rubber is compounded to meet specific end

uses, the resulting compounds may not necessarily be equivalent in their re-
sistance to deleterious environments.

Typical uses. Mechanical goods, seals, wire and cable insulation and
iacket, coatings.

Manufacturer of base polymer. Enjay Chemicai Tompany, 15 West 51st
Street, New York 19, New York. West Coast Office: 615 Flower Street, Los
Angeles 17, California; phone, MAin 6-5664.

Tradename. Enjay Butyl HT-1066.

Generic names. Butyl, IIR.
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3.1.5 Silicone Elnstomers (Millable)

Silicone elastomers are generally divided chemically into five types: (1)
dimcthyl, (2) methyl vinyl, (3) methyl phenyl, (4) methyl phenyl vinyl, and
(5) fluorocarbon. Physically, they can be divided into two groups: (1) millable
types, and (2) liquid and paste types (see page 3.1.8). Only the millable types
are considered on this page.

Advantages. Excellent resistance to high and low temperatures. Excel-
lent resistance to oxidation, ozone, and weathering. Good electrical properties.

Disadvantages. Relatively poor mechanical properties for most types
except the methyl phenyl vinyl materials.

Temperature ranges.

Intermittent: —100 io 350°C (—150 to 660°F)

Ling-time: —70 to 230°C (—95 to 445°F)

Precautions. Since the silicone elastomers comprise a variety of different
types, and since they are often compounded to meet specific end uses, the
resulting materials may not necessarily be equivalent in their resistance to

deleterious environments. For best environmental performance, a post-cure
is necessary.

Typical uses. Wire and cable insulation and jacket. Seals, mechanical
goods.

Manufacturer of base polymers. Silicone Products Department, General
Electric Company, Waterford, New York. West Coast Office: 8555 East
Florence Avenue, Downey, California: phone SPruce 3-3144.

Tradename. G.E. silicone elastomers.

Generic names. Silicone, SE.

“
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3.1.6 Silicone Elastomers (Liquid and Paste)

Fluid siliccue elastomers are commercially available in forms ranging
from free-flowing liquids to stiff pastes. They can be cured over a wide range,
from room teraperature up to a temperature of the order of 100°C. Cure is
accomplished with a catalyst or by hydrolysis from moisture in the air.

Advantages. Versatile processing characteristics. Excellent resistance to
high and low temperatures. Excellent resistance to oxidation, ozone, anf
weathering. Good electrical properties.

Disadvantages. Relatively poor mechanical properties.

Tempc. uture ranges.
Intermittent: —100 to 350°C (— 150 to 660°F)
Long-time: —70 to 230°C (—95 to 445°F)

Precautions. Since the fluid silicone elastomers comprise a variety of
different types, and since they are often compounded to meet specific end
uses, the resulting materials may not necessarily be equivalent in their resist-
ance to deleterious environments. For best environmental performance, a
post-cure is necessary.

Typical uses. Adhesives, coatings, sealants, electrical insulation, coatings,
potting and ercapsulating substances.

Manufacturer of base polymers. Silicone Products Department, General
Electric Company, Waterford, New York. West Coast Office: 8555 East
Florence Avenue, Downey, California; phone, SPruce 3-3144.

Tradename. G.E. silicone elastomers.

Generic name. Silicone, RTV.*

* Amplified data for these materials appesr in the Appendix, subsection 6.1.

Spacecraft Materials Guidebook 3.1.6



DECEMBER 1, 1965

3.1.7 Fluorocarbon Plastics

Plastics which contain fluorine in their polymer molecules are generi-
cally called fluorocarbons. The recommended materials are thermoplastic
polymers based on tetrafluoroethylene (TFE), thermoplastic copolymers
based on tetrafluoroethylene and hexafluoropropylene (FEP), and thermo-
plastic polymers based on polyviny] fluoride (PVF, discussed on p. 3.1.10-2).
The TFE resins generally have better environmental resistance, while the
FEP materials are more easily processed.

Advantages. Maximum resistance to chemicals. Outstanding resistance
to high and low temperatures. Excellent electrical properties and flex life.

Disadvantages. Poor radiation resistance in air. Not easily bonded by

conventional methods. Fabrication difficulties sometimes encountered with
TFE.

Temperature ranges. TFE FEP

Intermittent: —260 to 320°C —260 to 230°C
(—435 to 610°F) (—435 to 445°F)

Long-time: —150 to 260°C —150 to 200°C
(—240 to 500°F) (—240 to 390°F)

Precautions. Degradation products, formed at extremely high tempera-
tures, may present a corrosion hazard.

Typical uses. Wire and cable insulation and jacket, wire enamel, coat-
ings, seals, insulation, molded items, textile fibers.

Manufacturer of base resins. Plastics Department, Fabrics and Finishes
Division, and Textile Fibers Department, all of E. I. du Pont de Nemours and
Company, Inc., Wilmington, Delaware. West Coast Offices:

Plastics: 2930 West 44th Street, Vernon, California; phone,
LUdlow 2-6464.
Fabrics: 2000 South Garfield Avenue, Los Angeles 22, California;

phone, RAymond 3-8401.

Textile, film: 4455 Fruitland Avenue, Vernon, California; phone,
LUdlow 2-7361.

Tradename. Teflon.

Generic names. Fluorocarbon, TFE, FEP.¢

°® Amplified data for these materials appear in the Appendix, subsection 6.1.
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3.1.7 (Cont'd)

Unplasticized thermoplastic polymers of vinyl fluoride are currently
being extruded to produce film in the thickness range of 0.0005 to 0.002 in.
The films are produced in several tensile-strength ranges and are available in
both clear and pigmented forms. The materials may be fabricated by heat
sealing, laminating, or adhesive bonding.

Advantages. Good resistance to ultraviolet radiation. Good electrical
properties. Good abrasion and chemical resistance. Low gas permeability.

Disadvantages. Availability limited to thin films.

Temperature ranges.
Intermittent: —75 to 205°C ( — 105 to 400°F)
Long-time: —60 to 110°C (—75 to 230°F)

Typical uses. Temperature-control surfaces, wire and cable insulation
and jacket, electrical insulation.

Manufacturer of film. Film Department, E. I. du Pont de Nemours and
Company, Inc., Wilmington, Delaware. West Coast Office: 4455 Fruitland
Avenue, Vernon, California; phone, LUdlow 2-7361.

Tradename. Tedlar.

Generic name. Polyvinyl fluoride, PVF.*

°Amplified data for this material appear in the Appendix, subsection 6.1.

m;
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3.1.8 Polyesters

The term polyester is chemically descriptive of a class of polymers
formed by the reaction of organic polyhydric alcohols and polybasic acids
(and many modifications thereof). Because of the broad spectrum of materials
involved, it is impractical to generalize on overall properties. Each polyester,
with the exception of polycarbonates and some pclyurethanes, must be treated
as a separate entity, rather than as a member of a specific polymer class.®
Commercially available polyesters are produced in many physical forms for
all varieties of end uses. These types can be classified as follows:

Unsaturated polyesters. Polyester resins can be crosslinked by means of
a vinyl (unsaturated) group to form a thermosetting material. They are usually
in liquid form before curing.

Alkyd resins. These substances are polyester resins which are used as
coating and molding materials. They are usually polyesters modified with
fatty acids and oils.

Film and fiber polyesters. Usually thermoplastic in nature, these mate-
rials are based upon specific organic acids and alcohols. During manufacture
they are sometimes highly oriented to give specific properties.

Plasticizers. Polyester resins, usually of the lower-molecular-weight spe-
cies, are used extensively for plasticizing certain resins. They are often re-
ferred to as polymeric plasticizers.

Elastomeric polyesters. The copolymerization of certain materials can
yield polyester copolymers which are elastomeric in nature.

Miscellaneous polyesters. Polyesters can be used as high-molecular-
weight monomers or prepolymers in a polymerization; for example, they are
used with isocyanates to produce elastomers, molding compounds, plastics,
foams, and coatings. The final products are more commonly referred to as
polyurethanes, q.v. Polyesters derived from carbonic acid comprise a special
class of plastics called polycarbonates, q.v.

Generic name. Polyester.

°Such treatment will be added to the Guidebook as the need arises.
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Film polyester

The reaction of ethylene glycol and terephthalic acid yields a thermo-
plastic polymer (polyethylene terephthalate) which can be formed into a clear-
transparent film or fiber for textiles. Orientation of the film during manufac-
ture gives it unique properties. The materials may be fabricated by lami-
nating or adhesive bonding. The film is available in thicknesses of 0.00015 to
0.010 in. and, in sheet form, up to 0.014 in.

Advantages. Good mechanical strength and electrical properties. Tough
and abrasion resistant.

Disadvantages. Relatively poor resistance to ultraviolet radiation. Avail-
ability limited to sheets in 0.00015- to 0.014-in. thickness range.

Temperature ranges.

Intermittent: —70 to 165°C (—95 to 330°F)

Long-time: —60 to 150°C (—75 to 300°F)

Typical uses. Wire and cable insulation and jacket, temperature-control
surfaces (usually metallized film), electrical insulation, magnetic tape.

Manufacturer of film. Film Department, E. I. du Pont de Nemours and
Company, Inc., Wilmington, Delaware. West Coast Office: 4455 Fruitland
Avenue, Vernon, California; phone LUdlow 2-7361.

Tradename. Mylar. ®

Generic name. Polyester.

®Amplified data for this material appear in the Appendix, subsection 6.1.
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Fiber polyester

As indicated on p. 3.1.11-2, the reaction of ethylene glycol and ter-
ephthalic acid produces a thermoplastic polymer which can be processed to
yield staple fibers for textile products.

Advantages. Good strength, flex life, and electrical properties. Good
resistance to abrasion, heat, and many chemicals.

Temperature ranges.
Intermittent: —70 to 165°C ( —95 to 330°F)
Long-time: —60 to 150°C (—75 to 300°F)

Typical uses. Reinforcing agent for plastics, coated fabrics, tie cord,
miscellaneous textile products.

Manufacturer of polymer. Textile Fibers Department, E. I. du Pont de
Nemours and Company, Inc., 4455 Fruitland Avenue, Vernon, California,
LUdlow 2-7361.

Tradename. Dacron.

Generic name. Polyester.
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3.1.9 Polycarbonate Plastics

Polycarbonates are a special class of thermoplastic polyester resins de-
rived from dihydroxy compounds and carbonic acid or derivatives of carbonic
acid, such as phosgene. They may be filled with glass reinforcing agents to
produce special properties.

Advantages. Excellent impact strength and dimension stability. Good
electrical and mechanical properties. Easy fabrication techniques.

Disadvantages. Not resistant to some cleaning or degreasing solvents.

Temperature ranges.
Intermittent: —160 to 150°C (—255 to 300°F)
Long-time: —135 to 125°C (210 to 255°F)

Typical uses. Wire and cable insulation and jacket, gaskets, gears, elec-
trical insulation, structural items, films.

Manufacturer of base resins. Chemical Materials Department, General
Electric Company, One Plastics Avenue, Pittsfield, Massachusetts. West Coast
Office: 8555 East Florence Avenue, Downey, California; phone, SPruce
3-3144.

Tradename. Lexan.*

Generic name. Polycarbonate.

® Amplified data for this material appear in the Appendix, subsection 6.1.

Spacecraft Materials Guidebook 3.1.9



DECEMBER 1, 1965

3.1.10 Epoxy Resins

Epoxy resins comprise a broad class of polymeric materials based upon
ethylene oxide or its derivatives. For example, resins formed from the reac-
tion of epichlorohydrin with bisphenol-A. Commercially, they are manufac-
tured in many physical forms for a wide variety of end uses. Often, they are
modified, blended, or copolymerized with other materials for special prop-
erties.

Because of the broad spectrum of materials involved, it is impractical
to generalize on overall properties. Each material must be treated as a sepa-

rate entity, rather than as a member of a specific polymer class.®

Generic name. Epoxy.

°Such treatment will be added to the Guidebook as the need arises.
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3.1.11 Polyimide Resins

The polyimide resins comprise a relatively new class of polymers which
are chemically related to the polyamides (nylons), but differ in physical prop-
erties. Forms available include film, solid shapes (see p. 3.1.14-2), and wire
enamels and varnishes (see p. 3.1.14-3).

Film

Advantages. Outstanding resistance to high and low temperatures and
chemicals. Excellent radiation resistance in air. Good electrical properties.

Disadvantages. Availability limited to thin films.

Temperature ranges.
Intermittent: —250 to 400°C (—420 to 750°F)
Long-time: —190 to 275°C ( — 310 to 525°F)

Typical uses. Electrical insulation, film.

Manufacturer of film. Film Department, E. I. du Pont de Nemours and
Company, Inc., Wilmington, Delaware. West Coast Office: 4455 Fruitland
Avenue, Vernon, California; phone, LUdlow 2-7361.

Tradename. Kapton.

Generic names. Polyimide, H-Film.
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Solid shapes

Polyimide resins are available in solid cylindrical form (up to 5 in. iu
diameter by 5 in. in length) for machining into the desired shape.

Advantages. Outstanding resistance to high and low temperatures anc
chemicals. Excellent radiation resistance in air. Good electrical properties.

Disadvantages. Availability limited to relatively simple shapes.

Temperature ranges.
Intermittent: —250 to 400°C ( —420 to 750°F)
Long-time: —190 to 275°C (—310 to 525°F)

Typical uses. Mechanical and electrical parts. Structural items.
Manufacturer of polymer. Plastics Department, E. I. du Pont de

Nemours and Company, Inc., 2930 East 44th Street, Vernon, California; phone
LUdlow 2-6464. |

Tradename. Vespel.

Generic name. Polymer SP.
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Wire enamels and varnishes

‘.iquid polyimide resins are available for use as wire enamels and var-
nish:s for electrical insulation and cocated fabrics.

Advantages. Outstanding resistance to high and low temperatures and
chemicals. Excellent radiation resistance in air. Good electrical properties.

Disadvantages. Relatively long cure cycles at elevated temperatures.

Temperature ranges.

Intermittent: — 250 to 400°C (—420 to 750°F)

Long-time: —190 to 275°C (—310 to 525°F)

Typical uses. Wire enamel, coated fakrics, varnish, electrical insulation.

Manufacturer of polymer. Fabrics and Finishes Department, E. 1. du
Pont de Nemours and Company, Inc., 2000 South Garfield Avenue, Los
Angeles 22, California; phone, RA 3-8401.

Trade names. PYRE-M.L. RK-692 insulating varnish; PYRE-M.L. coated
glass fabrics; PYRE-M.L. wire enamel.

Generic name. Polyimide.
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3.1.12 Alkyd Resins

Alkyd resins are a special class of polyesters (q.v.) and comprise (. broad
class of materials suitable for use as molding compounds, coatings, paints, and
wire enamels.

Because of the broad spectrum of materials involved, it is impractical
to generalize on overall properties. Each material must be treated as a sepa-
rate entity rather than as a member of a specific polymer class.®

Generic name. Alkyd.

*Such treatment will be added to the Guidebook as the need ariscs.
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3.1.13 Phenolic Resins

Phenolic resins are based upon condensation reactions between aro-
matic alcohols and aldehydes. The most important commercial class com-
prises resins derived from phenol and formaldehyde. They are suitable for
use for many applications, including molding compounds, adhesives, coatings,
electrical insulation, laminates, and specialty items.

Because of the broad spectrum of materials involved, it is impractical
to generalize on overall properties. Each material must be treated as a sepa-

rate entity, rather thaii as a member of a specific polymer class.®

Generic name. Phenolic.

*Such treatment will be added to the Guidebook as the need arises.
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3.1.14 Silicone Resins

Silicone resins are three-dimensional cross-linked polymeric materials
which require heat for curing. The resins are derived from different chloro-
silanes than are the silicone elastomers, fluids, and greases. In many instances,
the base silicone resins can be copolymerized with other polymeric materials,
such as alkyd resins, to obtain special properties. The resins are supplied as
molding compounds, solvent-solution coatings, and casting materials.

Because of the broad spectrum of materials involved, it is impractical
to generalize on overall properties. Each material must be treated as a sepa-

rate entity, rather than as a member of a specific polymer class.®

Generic name. Silicone.

°Such treatment will be added to the Guidebook as the need arises.
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3.1.15 Polyamide Resins

The polyamide resins generally comprise two types: (1) those formed
from a condensation reaction between a polybasic acid and a diamine (e.g.,
6-6 nylon), and (2) those formed from a condensation reaction of an amine-
containing acid (e.g., polycaprolactam). They are chemically related to the
polyimide resins, but differ in physical properties. Forms available include
molding powders, film, and fibers for textiles. Only the fibers or textiles are
recommended at this time.

Advantages. Good resistance to heat and good retention of properties at
high temperatures. Good radiation resistance in air.

Temperature ranges.
Intermittent: —90 to 250°C (— 130 to 480°F)
Long-time: —90 to 170°C (— 130 to 340°F)

Typical uses. Reinforcing or supporting organic resins, tapes, tie cord,
coated fabrics.

Manufacturer of base resin. Textile Fibers Department, E. 1. du Pont de
Nemours and Company, Inc., Wilmington, Delaware. West Coast Office: 612
South Flower, Los Angeles, California; phone, MAin 4-9841.

Tradename. Nomex.

Generic names. Polyamide, nylon.
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3.1.16 Chlorinated Polyether Plastic

The polymerization of a chlorinated oxetane produces a thermoplastic
chlorinated polyether polymer which has a good balance of overall properties.
The material may be reinforced with appropriate fillers to enhance mechanical
and physical properties.

Advantages. Good resistance to oxidation, heat, and chemicals. Dimen-
sionally stable. Good electrical properties.

Disadvantages. Poor radiation resistance in air.

Temperature ranges.
Intermittent: —55 to 150°C (—70 to 300°F)
Long-time: —40 to 115°C (—40 to 240°F)

Typical uses. Pipe, coatings, linings, structural parts.

Manufacturer of base polymer. Hercules Powder Company, 910 Market
Street, Wilmington 99, Delaware. West Coast Office: 3460 Wilshire Boulevard,
Los Angeles 5, California; phone DUnkirk 7-8151.

Tradename. Penton 9215,

Generic names. Chlorinated polyether, polyether.
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3.1.17 Melamine Resins

Melamine resins are based upon condensation reactions between mela-
mine and aldehydes, or their polymers. The most important commercial
classes comprise resins derived from melamine and formaldehyde. They are
suitable for use for a wide variety of applications, including molding com-
pounds, electrical insulation, laminates, and specialcy items.

Because of the broad spectrum of materials involved, it is impractical to
generalize on overall properties. Each material must be treated as a separate

entity, rather than as a member of a specific polymer class.*

Generic names. Melamine, amino.

®Such treatment will be added to the Guidebook as the need arises.

Spacecraft Materiais Guidebook 3.1.17



DECEMBER 1, 1965

3.1.18 Allyl Resins

Allyl resins comprise those materials containing allyl esters of dibasic
acids, which act as cross-linking agents. These resins, usually produced as

liquid-casting resins or thermosetting molding compounds, exhibit minimum
shrinkage on bulk polymerization.

Because of the broad spectrum of materials involved, it is impractical
to generalize on overall properties. Each material must be treated as a
separate entity, rather than as a member of a specific polymer class.®

Generic name. Allyl

°Such treatment will be added to the Guidebook as the need arises.
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4.0 GLOSSARY

The purpose of this Section is to identify those materials which are most
commonly known by trade or generic name, and also to define selected terms
which are peculiar to certain materials or classes of materials. The definitions
given coincide with Guidebook content and do not necessarily reflect defini-
tions set forth in other publications.

To avoid ambiguity, only the traderames which apyp.y to materials
mentioned in the Guidebook are defined. For example, Hycar is a tradename
which is associated with several chemically different elastomers.

Broadly speaking, the organic materials are listed alphabetically by
chemical class, whereas the inorganic materials are listed in the alphabetical
order of their common names.

The Glossary is divided into four categories, as follows:
4.1 Trade and Generic Names: Organic Materials
4.2t Trade and Generic Names: Inorganic Materials
4.3 Definition of Terms: Organic Materials
4.4t Definition of Terms: Inorganic Materials

tInformation for this subsection is being compiled and, when completed, will be added to
the Guidebook.

A

Spacecraft Materials Guidebook 4.0



R %

Revised DECEMBER 1, 1965

4.1 Trade and Generic Names: Organic Materials

acetal. Generic name for highly crystailine polymers of formaldehyde. See
Delrin.

Alkenex. Tradename for modified polyetser wire enamels.
alkyd. A special class of polyester resins.

allyl. Chemically descriptive of, and a generic name for, allyl esters of dibasic
acids.

B. Designation for various types of insulating varnishes.

Ben-Har. Tradename for various types of flexible sleeving for electrical
insulation.

butyl. Generic name for elastomeric copolymers of isobutylene and isoprene.
See IIR.

Cat-A-Lac. Tradename for several types of temperature-control coatings.

chlorinated polyether. Chemically descriptive of a polyether which contains
chlorine, See Penton.

chlorosulfonated polyethylene. Chemically descriptive of, and a generic name
for, elastomeric polymers of chlorosulfonated polyethylene. See Hypalon,

CSPE.

CSPE. Chlorosulfonated polyethylene elastomer. Generic -name for elasto-
meric polymers of chlorosulfonated polyethylene. Sce Hypalon.
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Dacron. Tradename for polyester fibers.
Delrin. Tradename for certain acetal polymers.
Diall. Tradename for diallyl phthalate molding compounds.

du Pont No. 585. Tradename for an epoxy black-flat-absorber temperature-
control coating.

Eccobond. Tradename for epoxy adhesives.

Eccocoat. Tradename for polyurethiane and epoxy resins.
Eccofoam. Tradename for certain foams.

Eccogel. Tradename for epoxy resins.

Eccosil. Tradename for certain silicone elastomers.

Enjay Butyl. Tradename for isobutylene-isoprene elastomers.
Epiall. Tradename for certain epoxy molding compounds.
Epicap. Tradename for certain epoxy molding compounds.
Epocast. Tradename for epoxy resins.

Epon. Tradename for epoxy and modified epoxy adhesives. ‘

epoxy. Chemically descriptive of, and a generic name for, polymers derived
from ethylene oxide or its derivatives: for example, materials based upon
the reaction of bisphenol-A with epichlorohydrin.

Fairprene. Tradename for coated fabrics.

FEP. See Teflon.
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fluorocarbon. Chemically descriptive of, and a generic name for, both plastics
and elastomers which contain fiuorine. See fluoroelastomer, Teflon, Vitor:.
Tedlar.

fluoroelastomer. Generic namne relating elastomers which contain fluorine in
their polymer chains. See Viton.

FM.-1044. Designation for an adhesive film.

Formex. Tradename for vinyl acetal wire enamels.

Gude-Space. Tradename for certain tie cords or lacing tapes.

Hexcel. Tradename for various types of honeycomb.

H-Film. Obsolete generic name for polyimide films. See Ke;.< .
HMH. Designation for Mylar polyester honeycomb.

. HRP. Tradename for Leat resistant phenolic honeycomb.

HRS. Tradename for heat resistant silicone honeycomb.

Hycar. Tradename for polyacrylic elastomers. See PA.

Hypalon. Tradename for elastomeric polymers of chlorosulfonated polyethyl-
ene. See CSPE.

IIR. Isobutylene isoprene rubber. Generic name for elastomeric copolymers
of isobutylene and isoprene. See butyl.

isobutylene-isoprene. Chemically descriptive of elastomeric copolymers of iso-
butylene and isoprene. See butyl, IIR.
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JPL. Designation assigned by the Jet Propulsion Laboratory to various poly-
meric products (e.g., JPL No. 1001).

Kapton. Tradename for a polyimide film (formerly called H-Film).
Kodak Photo Resist. A marking material.

Laminar. Tradename for temperature-control coatings.

Lexan. Tradename for polycarbonate plastics.

M-9-1012. A glass-reinforced silicone molding compound.

3M 101-C-10. Tradename for a modified-alkyd black-flat-absorber temperature-
control coating.

melamine. Generic name for resins based upon condensation reactions be-
tween melamine and aldehydes, or their polymers.

Micarta. Tradename for various laminated plastics.
Mylar. Tradename for a polyester film and sheet.

Mystik. Tradename for various pressure sensitive tapes.

Nomex. Tradename for a high-temperature -resistant aromatic polyamide

(nylon) fiber.

nylon. Generic name for polyamide polymers.

PA. Polyacrylic. Generic name for polyacrylic elastomers. See Hycar.

Penntube II-SMT. Tradename for shrinkable fluorocarbon tubing.

24 D
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Penton. Tradename for a chlorinated polyether thermoplastic.
Phenall. Tradename for phenolic molding compounds.

phenolic. Generic name for resins derived from aromatic alcohols and alde-

hydes.

polyacrylic. Chemically descriptive of, and a generic name for, elastomeric
copolymers derived from acrylic acid esters and other materials.

polyamide. Chemically descriptive of, and a generic name for, resins contain-
ing amide linkages. See nylon.

polycarbonate. Chemically des-riptive of, and a generic name for, plastics
derived from carbonic acid. See Lexan.

polyester. Generic name for a class of polymers formed by the reaction of
organic¢ polyhydric alcohols and polybasic acids (and many modifications
thereof).

polyether. Chemically descriptive of, and a generic name for, polymers «on-
taining ether linkages in their chains.

polyimide. Chemically descriptive of, and a generic name for, polymers with
imide linkages.

polymer SP. Generic name for polyimide plastics.

Polyphenylene oxide. Chemically descriptive of plastics derived from phe-
nylene oxide.

Polysulfone. Chemicaily descriptive of, and a generic name for, thermo-
plastics containing isopropylidene, ether, and sulfone groups in the back-
bone chain.

PPO. Tradename for polyphenylene oxide plastics.

Preshrunk Temp-Lace. Tradename for certain tie cords or lacing tapes.
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PVF. Polyvinyl fluoride. Generic name for plastics polymeres derived from
vinvl fluoride. See Tedlar.

PV-100. Generic name for a silicone white-solar-reflector temperature-control
coating (replaces JW-40).

PYRE-ML. Tradename for polyimide varnishes, wire enamels, and coated
glass fabrics.

RTYV. See subsection 4.3.
SE. Silicone elatsomer. See subsection 4.3, silicone terms.
Shrinkable Mylar. A heat-shrinkable polyester tubing.

silicone. Chemically descriptive of, and a generic name for, oils, greases, plas-
tics, and elastomers derived from organosilicon compounds. See subsec-
tion 4.3, silicone terms.

Silicone resin. See subsection 4.3, silicone terms.

SP. Generic name for polyimide platsics. See polymer SP.

SR. Silicone resin. See subsection 4.3, silicone terms.

SRD. Silicone rubber Dacron. Designation for coated fabrics.

SRG. Silicone rubber glass. Designation for coated fabrics.

SRGA. Silicone rubber glass aluminum. Designation for coated fabrics.
Stur-D-Lace. Tradename for certain tie cords or lacing tapes.

Stycast, Tradename for epoxy resins.

S-13. Generic name for potassium silicate white-solar-reflector temperature-
control coating (replaces ARF-ZnO).
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TB5-PTFE. Designated for fluorocarbon coated glass fabrics.
Tedlar. Tradename for polyvinyl fluoride plastics films.

Teflon. Tradename for thermoplastic fluorocarbon plastics. FEP (fluorinated
ethylene-propylene) is a copolymer of tetrafluoroethylene and hexafluoro-
propylene ). TFE is a polymer of tetrafluoroethylene. See fluorocarbon.

Temp-Lace. Tradenaine for certain tie cords or lacing tapes.

TFE. See Teflon.

Thermofit. Tradename for shrinkable irradiated polyolefin, silicone, and fluoro-
carbon materials.

Thiokol. Tradename for polysulfide elastomers.

Tipersul. Tradename for potassium titanate fibers.

UC 11659. Designation for a silicone flat reflector temperature control coating.
Vespel. Tradename for items fabricated from polymer SP, which see.

VFHE. Vinylfluoride hexafluoropropylene elastomer. Generic name for elas-
toms ;i copolymers of vinylidene fluoride and hexafluoropropylene. See
fluoroei.. stomer, Viton,

vinyl. Generic name for such plastics as polyvinyl chloride; also, a generic
name for all vinyl-type plastics. See subsection 4.3, vinyl.

vinylidene fluoride - hexafluoropropylene. Chemically descriptive of elasto-
meric copolymers of vinylidene fluoride and hexafluoropropylene. See
fluoroelastorer, VFHE, Viton.

Viton. Tradename for elastomeric copolymers of vinylidene fluoride and hexa-
fluoropropylene. See fluoroelastomer, VFHE.
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Z-93. Designation for a potassium silicate white-solar-reflector temperature
control coating.

73X. Designation for certain marking inks.

A A
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4.3 Definition of Terms: Organic Materials

accelerator, A catalyst.

additives. Chemicals added to a polymeric material. These may be stabilizers,
plasticizers, catalysts, etc.

cast. (1) To form a polymer by pouring it int; a mold, where it polymerizes or
hardens to a solid form. (2) To form a polymeric film or sheet by pouring
the material onto a flat surface, where it air-dries or polymerizes into a
solid form.

catalyst. A chemical additive which is necessary to initiate or accelerate the
cure of a polymeric material.

cold flow. See creep.

compression set. The residual decrease in thickness of a material at a specified
time after removal from a device in which the material has been sub-
jected to a compressive deformatic n under specitic conditions of load and
temperature. Generally applicable to cured or vulcanized elastomers.

conformal coating. A ter:n most gcnerally used in the electronics field to
designate those coating materials which serve as dielectric insulation,
moisture and soil barriers, mechanical reinforcers, and often vibration
dampers. The materials asually give visual access to the components they
cover. They serve essentially as encapsulating materials.

copolymer. See polymer.

creep. The dimensional change with time of a material under load, following
the initial instantaneous plastic deformation. Creep at room temperature
is sometimes called cold flow

crosslinking. The producing of chemical links between polymer chains to give
a three-dimensional network (see cure). The process results in modifica-
tion of the physical and mechanical properties of the polymeric materia’,

cure. The process of causing crosslinking of the polymeric material to occur.
The term is often used interchangeably with air-drying processes.
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elastomer. A substance generally accepted as comprising relatively flexible
polymeric materials which, when force is applied, will be elongated in the
order of 50% or more, and will rapidly return to essentially the initial
state upon removal of the stress. Natural rubber is considered a natural
elastomer. The terms rubber and elastomer have been used interchange-

ably.

encapsulate. To enclose an object with a polymer by immersing it in the
liquid casting polymer and allowing it to polymerize or harden to a solid
form.

ester. The reaction product of an alcohol and carboxylic acid.

ether. One of a class of organic compounds in which two organic groups are
attached directly to a single oxygen atom.

film. A term for polymers in sheet form, having a nominal thickness no greater
than 0.010 in.

firm time. As used here, the time reqnired to obtain a durometer hardness of
approximately 40 Shore A on a %-in.-thick sample of a silicone RTV
elastomer.

foam terms.

cellular-filled materials contain lightweight fillers. There is essentially no
expansion during cure. Density ranges from approximately 30 to 55 1b/ft.?

foam-in-place mc*erials contain blowing agents which expand the mate-
rial during cure. Density ranges from approximately 2 to 50 lb/ft.

foamed materials are expanded prior to application and are available in
various forms, such as sheets, blocks, etc. Density ranges from approxi-
mately 2 to 50 1b/ft.>

vack-in-place materials contain lightweight fillers and resemble damp
sand. It is necessary for the material to be pushed, tamped, or packed in
place. There is essentially no expansion during cure. Density ranges from
approximately 18 to 30 lb/ft.?

open-cell materials have connected cells and will pick up moisture.

closed-cell materials have unconnected cells and are usually quite re-
sistant to moisture pickup.
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hardener. A substance added to a polymeric material to control or promote
the curing reaction by taking part in the process. Also used to designate
a substance added to control the final hardness of the polymer.

heat treatment for glass cloth. Carmelized cloth has been heat-treated to re-
duce its sizing content to about 0.5%, and is called Finish 111. It is best
for mechanical applications. Desized cloth has been heat-treated to re-
move all its sizing, and is called Finish 112. It is best for heat and elec-
trical applications.

homopolymer. See polymer.

honeycomb. A product consisting of a thin film or sheet (metal, plastics, im-
pregnated fiberglass, etc.) which has been formed into a series of
hexagonal cells similar in appearance to @ cross-sectional slice of a
beehive. Honeycomb is not an end-product; it is a material form. In its
expanded form, it is 90 to 99% open space.

inhibitor. A substance that slows down or retards a chemical reaction

inorganic. As used with respect to polymers, a term descriptive of inorganic
polymeric materials containing no carbon atoms. The function of the
inorganic polymer would be identical with that of the organic polymer.

laminate. As used herein (as a noun), two or more layers of a base material
(e.g., fiberglass cloth) impregnated or coated with a synthetic resin and
bonded together by means of heat and/or pressure.

mill. To mix compounding ingredients into polymeric mraterials by using roll
equipment, such as rubber mill. The term is generaily applicable to elas-
tomers; however, liquid elastomers may or may not require the use of
such equipment.

S O
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millable. The ability of a polymer to be milled. Generally applicable to those
elastomeric polymers which are “dry” (e.g., crepe rubber) in base-gum
form. These materials require the mechanical action of a mill for incor-
poration of the necessary compounding ingredients to produce the desired
elastomeric compound for molding, extruding, etc.

modified. A term denoting that a base polymeric material has been physically
or chemicaily changed by other substances. For example, a modified
alkyd could be a copolymer of an alkyd and a silicone.

modulus. As used with respect to elastomers, the stress in pounds per square
inch (of original cross section) required to produce a certain elongation.
Thus, if a tensile stress of 1,000 psi produces an elongation of 3060%, the
material is said to have a 300% modulus of 1,000 psi.

monomer. A substance which is capable of being reacted to form a polymer.

plastic. (1) As a noun®: a high-molecular-weight substance including either
natural or synthetic materials, but excliding the elastomers. The term has
been used interchangeably with resin, q.v. (2) As an adjective: capable
of flow or deformation under pressure or stress; made of a plastic.

plasticizer. A chemical material added to polymers to make them more fiex-
ible or softer for processing and/or end-use performance.

polymer. Descriptive of high-molecular-weight materials which are made up
of relatively simple units derived from one or more monomers. A homo-
polymer is derived from one monomer; a copolymer, from two monomers;
a terpolymer, from three monomers. The term copolymer is often used
in a generic sense to cover polymers from two or more monomers
(poly = many; mer = unit).

polymerization. A term descriptive of the chemical reaction process taking
place when a monomer is converted to a polymer.

°In the noun sense, the terms plastic and plastics may be used interchangeably.
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4.3 (Cont'd)

post-cure. The normal cure or vulcanization of polymers is never 100% com-
plete. In addition, many of the curing agents are not completely reacted.
To complete the cure, to drive off unreacted additives and other volatile
substances (e.g., low-molecular-weight fragiments), and to enhance prop-
erties, a post-cure is necessary. The post-cure consists of oven aging (if
size permits aging in vacuo makes the process more efficient) for a speci-
fied time. For example, some silicone elastomers require a post-cure of
24 hr at 250°C for optimum resistance to service environments. In some
instances, materials raust be post-cured up to at least the maximum tem-
perature they will see in service. The post-cure generally is applicable to
thermosetting materials and, more specifically, to elastomeric compounds.

pot life. The period of time during which a liquid resin remains useful after
having been mixed with a catalyst or other compounding ingredients.
Also known as working life.

potting. Enclosing an object with a polymer by immersing it in the liquid
polymer, with care that all voids have been penetrated prior tc polymeri-
zation or to hardening in a solid form .

promotor. A weak catalyst that accelerates the activity of a specific catalyst.

radiation resistance. As used here, a material with poor radiation resistance
might be suitable for use in the space environment, but would not be rec-
virrmended for exposure to nuclear radiation environments from propul-
sion or power sources. Good radiation resistance materials would geu:
erally be suited for both environments. The difference between high
vacuum and air effects on the radiation resistance of materials is not
being taken into account at this time.

resin. Descriptive of the pure, virgin, or base polymer. In many instances,
additives must be added to the polymer to make it more processable, to
stabilize it against environmental effects, or to modify its performance
properties. For example, polyvinyl chloride is considered a resin. This
material containing additives would now be a polyvinyl chloride plastic.
The same considerations are applicable to elastomers. However, the terms
gum rubber, base gum, raw gum, etc., are generally used for elastomers.
The term resin has been used interchangeably with plastic and varnish.

SR
¢ A
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4.3 (Cont'd)

rubber. A generic name for natural and synthetic elastomers. Has also been
used interchangeably with elastomer.

RTV. Room temperature vulcanizing.

sheet. A term for polymers in sheet form having a nominal thickness greater
than 0.010 in.

shelf life. The period of time during which a liquid or solid resin system can
be stored under specific temperature conditions and remain suitable for
use. Also known as storage life.

silicone terms.
SE silicone elastomer
SF silicone fluid
SM silicone emulsion
SR silicone resin
SS silicone specialty
SRC silicone rubber catalyst

stabilizer. A chemical additive used to stabilize a particular property of
polymers.

siloxane. A term descriptive of the silicone polymer chain and the silicone-
oxygen bond.

storage life. See shelf life.

tack-free time. As used here, the time after which all surface tack is elimi-
nated on a fluid polymer which is in the process of curing.

temperature-control terms.
white. A surface which absorbs only a small portion of the incident solar
energy and is an effective radiator of thermal energy.

stable white. A white surface which is relatively unaffected by ultra-
violet light in space. In general, this type of surface will have less desir-
able physical properties and should be used only where required.

maneuver white. A white surface which is exposed to solar radiation
only for short periods of time, such as during a midcourse trajectory cor-

L
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rection, and where moderate changes in solar absorptance are not
critical to spacecraft thermal control.

solar reflector. A surface which reflects the incident solar energy while
emitting infrared energy.

solar absorber. A surface which absorbs solar energy while emitting only
a small percentage of the infrared energy.

flat reflect~r. A surface which reflects the energy incident upon it
throughout the spectral range from ultraviolet to far infrared.

flat absorber. A surface which absorbs the energy incident upon it
throughout the spectral range from ultraviolet to far infrared.

terpolymer. See polymer.

thermoplastic. A term descriptive of plastics which are capable of being
shaped by the application of heat and/or pressure (e.g., paraffin wax).

thermosetting. A term descriptive of plastics which, during the process of
being shaped, (usually under pressure and/or heat), have been cross-
linked (chemically cured) to an infusible mass. They cannot be repro-
cessed. They generally compose a heat-resistant group, and will char
under high-heat exposure, rather than soften or melt. For example, most
epoxy resins are thermosetting. Elastomers which are cured or vulcan-
ized may also be considered thermosetting.

thixotropic. Pertaining to thixotropy.

thixotropy. A property of certain pastes ¢r gels which permits them to be-
come fluid when shaken or agitated.

vinyl. A chemical group through which polymerization takes place. Often
used to describe such plastics as polyvinyl chloride. However, polyethyl-
ene, polystyrene, etc., are vinyl-type plastics.

vulcanize. A term relating to the chemical action of curing elastomers by
crosslinking.

working life. See pot life.

“
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5.0 JPL MATERIALS SECTION

Personnel in the Materials Section of the Engineering Mechanics i i-
sion are available to assist engineers and designers. Such assistance may
consist of materials selection and handling of materials and processing prob-
lems encountered in development of sp.cecraft. Engineers in all divisions are
encouraged to contact the Materials Section for such assistance.
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Names of professional personnel in the Materials Section, along with some
of the technical specialties of each, are noted below.

BERNETT, EUCENE C. — Metallurgical testing. Failure analysis. Environmental
testing. Heat treatn'ent and design consulting,

Bounpy, RoBERT A.— Supervisor, Materials Engineering Group. Brazing,
fusion welding. Solid-rocket materials. Polymer applications in spacecraft.

CarroLL, WiLLiaM F. — Temperature-contrei coatings. Ceramic applications.
Ultraviolet radiation and vacuum evaluations.

CrosBy, JaMmEs R. — Temperature control surfaces. Radiation effects on ma-
terials.

FiscuBacH, Davip B. — Carbon and graphite research (structural transforma-
tion, mechanical, magnetic, and electronic properties). Mechanical damp-
ing in metals and alloys. Magnetic and electronic properties of materials.

FrEEMAN, ROBERT F. — Aluminum and magnesium fusion and resistance weld-
ing. Brazing. Bonded sandwich construction General fabrication of metals.
Ceramic spraying,

Harr, WLiam M. — Optics and thermal radiation measurements, Optical
properties.

Harpg, RaLrH A.—Copper alloys, titanium alloys, stainless steels, high tempera-
ture metals. Welding, brazing, pressure vessels. Design, materials applica-
tions, and fabrication consulting. Space environment effects on materials.

IHARRINGTON, ROBERT ~ Polymer evaluation, nuclear shielding. Radiation ster-
ilization. Radiation effects on materials.

Harvey, HERMaN—Heat-sterilization effects on polymers. Polymer applications.

KoHorst, DonaLp P. — Supervisor, Materials Support Group. Propulsion ma-
terials. Pressure vessels. Refractory metals. Design consulting. Component
development.

Larpenorr, VERNON F. — Resistance welding related to electronic components.
Metals applications.

Lerporp, MARTIN H. — Mechanical, thermal, and chemical behavior of ceramic
oxides and carbides. Fabrication of ceramics.

MaxweLL, HucH G.—Polymeric materials specifications. Polymer applications.

NAGLER, RoBERT G.—Ablation and hea:-protection materials. Combined effects

of vacuum and high temperature on materials. Thermal-property measure-
ment techniques.

WEINBERG, IRVING — Low temperature electrical and thermal properties of
metals and alloy . Superconducting devices.
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6.0 APPENDIX

It is the purpose of this Appendix to provide (1) detailed materials
information supplemental to that presented in Sections 2.0 and 3.0, and (2) 2
source of miscellaneous reierence information which will be added as its
usefulness becomes apparent.

It should be noted that the propercy data listed are based on optimum
conditions and, therefore, are intended to be used only for purposes of com-
parison and general information; they are not design or specification values.

The information is presented in the following categories:

6.1 Organic Materials
6.2t Incrganic Materials

6.3 Silicone Adhesives and Primers

tData for this subsection are being compiled and, when completed, will be added to the
Guidebook.
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6.1 Organic Materials

This subsection presents supplemental data on the organic materials
listed below. It will be noted that the various categories are keyed to the
numbering system of Section 3.0: for example, information on fluorocarbon
plastics is contained in the parallel subsections 3.1.7 and 6.1.7.

6.1.1¢
6.1.2%
6.1.3t
6.1.4%
6.1.5%
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10%
6.1.11
6.1.12%
6.1.13%
6.1.14%
6.1.15%
6.1.16%
6.1.17%
6.1.18%

Chlorosulfonated Polyethylene Elastomers
Polyacrylic Elastomers
Fluoroelastomers

Isobutylene-Isoprene Elastomers
Silicone Elastomers (Millable)

Silicone Elastomers (Liquid and Paste)
Fluorocarbon Plastics

Polyesters

Polycarbonate Plastics

Epoxy Resins

Polyimide Resins

Alkyd Resins

Phenolic Resins

Silicone Resins

Polyamide Resins

Chlorinated Polyether Plastic
Melamine Resins

Allyl Resins

tData for this subsection are being compiled and, when completed, will be added to the

Guidebook.
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6.1.6 Siiicone Elastomers (Liquid and Paste)

The fluid silicone elastomers (RTV types) are commercially available
in many grades, exhibiting a wide variety of physical properties. Detailed
information on the properties and cure rates of these elastomers is listed in
Tables 6-1, 6-2, and 6-3.
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6.1.6 (Cont'd)

Table 6-2. Typical room-temperature cure rates for RTV liquids and pastes

0.1% Thermolite-12 0.5% Thermolite-12

Material

Pot life, Tack-free Firm time, Pot life, Tack-free Firm time,

hr time, hr hr he time, hr he

RTV-11 4106 8to12 48 1to2 3105 24
RTV-20 3105 8to12 36 1to2 41c 6 24 4
RTV.30 4105 7010 18 to 24 1to2 2t03 8to 12
RTV-40 Sto 8 12t0 16 36 to 48 2t03 518 24 +
RTV-60 Jto S 8to12 24 + 1to2 4106 24
RTV.77 2t03 6t010 36 to 48 1to2 2103 24
RTV-88 4 10 6 8to12 24 1to2 4106 16 to 24
RTV-90 0.5t01 2t03 18 to 24 0.5 Zt03 8to12
Supplier Thermolite-12 catalyst is obtainable from Metal and Thermit Corp., Rakway,

N. J.; or, in small quoniities, from Silicone Proc'ucts Dept., General Electric Co.,

8555 E. Florence Ave., Downey, Calif. Phone, SPruce 3-3144.

Spacecraft Materials Guidebgock
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6.1.6 (Cont’d)

Table 6-3. Typical cure data for RTV-602, -615, -102, and -108

RTV-602

Catalyst level, %

Catalyst SRC-08

Cure time at

Cure time at

Pot life 65°C (150°F), hr room temperature, hr
0.25 2to3 hr 5 24 to 36
0.50 20 to 30 min 2 Less than 24
Catalyst SRC-04
Cure time at Curo time at
Pot life, hr 80°C (175°F), hr room temperature

0.50 8 8to16 SRC-05
1.00 8 510 6 recommended

RTV-615

Catalyst level, %

Catalyst RTV-6158

Pot life, hr

Cure time at
65°C (150°F), hr

Cure time ot
room femperature, hr

10

3105

4

168

RTV-102 and -108

Under typical ambient conditions (approximately 50% relative humidity at 25°C (75°F), RTV-102
and -108 develop a tack-free surface in 15 to 30 min, and cure through a Y& -in. thickness
in less than 24 hr. Lower temperatures and humidities will siow the rate of cure; higher tem-
peratures and humidities will accelerate the cure.

The bond strength of RTV-102 and -108 improves with time. After 3 vk, the bond strength
exceeds that of the elastomers themselves.

‘Spacecrati Materials Guidebook
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6.1.7 Fluorocarbon Plastics

Types of Polyvinyl Fluoride Film. Tedlar polyvinyl fluoride film is avail-
able in five basic types:

Type 15. A film possessing high shrinkage properties compatible with
those of curing polyester resins. It is designed primarily as a

surfacing film in applications where it is desirable to screen
out UV,

Type 20. A film possessing high tensile strength and having high fold-
ing endurance.

Type 25. A film combining medium elongation, medium gloss, and good
clarity. It is especially suitable as a surfacing film in applica-
tions where it is unnecessary to screen out UV,

Type 30. A film having medium tensile strength (also available in
colors).

Type 40. A film having low shrinkage and good formability.

Tedlar is supplied with three different surface characteristics and with
low-, medium-, or high-gloss surface appearance. The three surface modifica-
tions are known by the letter designations A, B, and S, are defined as follows:

Modification A. Onc side is adherable, for use with inks, adhesives, and
coatings. The other side is non-adherable, but is heat-
sealable.

Modification B. Both sides are adherable, but neither side is heat-sealable.

Modification S. Both surfaces have excellent anti-stick properties for use
as a mold-release agent in reinforced plastics processing.
These surfaces are also heat-sealable.

More detailed informaticn on the types, gauges, colors, and surface
characteristics of Tedlar is presented in Table 6-4.

Spacecraft Materiais Guidebook 6.1.7-1
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6.1.7 (Cont'd)

Types and gauges of FEP Teflon fluorocarbon film and sheet. FEP Teflon
film (transparent) and sheet (translucent) can be heat-sealed, thermoformed,
metalized, or processed by other standard techniques. It is available in two
types: o

Type A. This is the general-purpose grade. It is also used for heat-
sealing to itself or heat-bonding to other materials.

Type C. In this type, one surface is modified to permit its use in lam-
inations, in conjunction with many commercially available
adhesives.

FEP Teflon is available in widths up to 36 in. for thicknesses of %, 1. 2, 5,
10, and 20 mils. Development quantities of 30-, 60-, and 90-mil material are
also obtainable.

Types of FEP Teflon fluorocarbon resins. FEP Teflon fluorocarbon
resins are melt-processible copolymers made from tetrafluoroethylene and
hexafluoropropylene. The resins are supplied in three grades:

Teflon 100. A general purpose resin used primarily for melt extrusion.
Teflon 110. An injection-molding-grade resin.

Teflon 120. An aqueous dispersion, used primarily in coating applica-
tions.
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6.1.7 (Cont'd)

Types of TFE Tefion fluorocarbon resins. TFE Teflon fluorocarbon
resins are supplied in nine grades, designed for various types of applications:

Teflon 1.
Teflon 1B.

Teflon 5.

Teflon 4.

Teflon 6C.

Teflon 7.

Teflon 30.

Teflon 30B.

Teflon 41BX.

A general-purpose powder for molding and extrusion.

A powder similar to Teflon 1, but having better flow prop-
erties.

A specially granulated material for molding cylinders for
skived tape.

A product specially manufactured for processing by a
modified extrusion technique involving the use of organic
extrusion aids.

A newer product designed to provide improved perform-
ance as an extrusion material, particularly for wire coating.

A molding and extrusion material for use where void-free
moldings and skived tape of the highest quality are
required.

An aqueous dispersion for general coating and impregna-
tion purposes and for use where superior finish and heat-
aging characteristics are reeded.

An aqueous dispersion for glass- and asbestos-reinforced
impregnation where superior dispersion wetting character-
istics are needed.

A developmental material used for preparing reinforced
gasketing and molding powders, and also for special-
purpose blending where a choice in wetting agent is
desired. |

A S
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6.1.8 Polyesters

Types of Mylar polyester film. Nine types of Mylar polyester film are
available for a wide variety of applications:

Type A. The general-purpose material, commonly used for laminat-
ing and electrical insulation. It is more heat-resistant than
the other types and is available in thicknesses up to 0.014 in.

Type C. A material having better insulation resistance than Type A
and, hence, recommended for use in capacito. .. It is clearer
than Type A and is also recommended for metallizing,.

Type CS-77. A colored, heat-sealable material.

Type D. A product used in the graphic arts and drafting. It has high
transparency in the thicker gauges.

Type HS. A substance used for applications requiring a shrinkable

material. When heated to 100°C (212°F), it shrinks about
30% in both directions.

Type M. A material having a heat-sealable coating, It is recom-
mended for applications requiring heat sealing.

Type S. A material used for book covers, sheet protectors, and other
miscellaneous stationery supplies.

TypeT. A product recommended for magentic tapes and pressure-
sensitive tapes because of its high tensile strength in the
longitudinal direction.

Type W. A substance more resistant to ‘weathering than the other
types. It is recommended for exterior-glazing applications.

Detailed information on the available types and gauges of Mylar poly-
ester film is listed in Table 6-6. Type A information applies to Type C.
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6.1.9 Polycarbonate Plastics

The recommended grades of Lexan polycarbonate plastics are listed in
Table 6-7, together with detailed information on the available colors, vis-
cosities, a: 1 stabilization of these materials.

T .
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6.1.9 (Cont'd)

Table 6-€. Available grades and colors of polycarbonate plastics®

Lexan polycarbonate plastics

103 heat- and UV-
stabilized

Pertinent dium-viseosi Low-vi High-viscosi
information Medium-viscosity ow-viscosity gh-viscosity
grades grades grades
Application General use Intricate, hard-to-fill Thick sections,
ports involving problems
of sink and vacuum
bubbles
Recommended 100 unstabilized 140 unstabilized 130 unstabilized
grades 101 heat-stabilized 141 heat-stabilized 131 heat-..abilized

133 heat- and UV-
stabilized

Natural coiors
(all transparent)

100-111 light straw
101-111 light straw
101-112 tinted
103-112 tinted

.

140-111 light straw
141-111 light straw
141-112 tinted

130-111 light straw
131-111 light straw
131-112 tinted
133-112 tinted

Standard colorsb

101-201 blue
101-301 green
101-303 green
101-311 green
(transparent)
101-313 green
(transparent)
101-401 yellow
101-502 brown
101-5001 brown
101-601 red
101-611 red
(transparent)
101-701 black
101-702 grey
101-703 grey
101-801 white
101-803 white
101-808 white
101-821 white
{translucent)

141-201 blve
141.301 green
141-303 green
141-311 green
(transparent)
141-313 green
(transparent)
141-401 yellow
141-502 brown
141.5001 brown
141.601 red
141-611 red
(transparent)
141-701 black
141-702 grey
141.703 grey
141-801 white
141.803 white
141-808 white
141-821 white
(translucent)

131-223 blve
(translucent)
131-313 green
(transparent)
131-326 green
(translucent)
131-424 yellow
(translucent)
131-522 beige
{translucent)
131-626 orange
(translucent)

131-627 red
(transiucent)
131-701 black
131-721 grey
(translucent)
131-803 white
131-8031 white

Stabilization

Viscosity

Color

Polymer —103 — 112

9The following example illustrates the code for grade, color, and stabilization:

bin the UV-stabilized grades (103-, 133-), only the 12 transparent and translucent colors listed
are standard. Special colors are available on request.

5 S R
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6.1.11 Polyimide Resins

Types of polyimide film. Kapton polyimide film is available in two basic
types:
Type H. A general purpose film.

Type HF. A film coated on one or both sides with various thicknesses of
Teflon FEP fluorocarbon resin.

Available types and constructions are presented in Table 6-8.

Table 6~8. Available types and constructions of Kapton polyimide film

Designation TM:::;;:“' Construction A";,;?;'o"
100XHA67 1 DNA 135
200XH667 2 67.5
300XH667 3 45
500XH&67 5 27
150XHFO19A 1.5 O-mil FEP T-mil H | Y2-mil FEP 77
200XHF919A 2.0 Y2-mil FEP 1-mil H | Y2-mil FEP 54
200XHFO11A 2.0 0-mil FEP 1-mil H 1-mil FEP 54
300XHFI11A 3.0 1-mil FEP 2-mil H | Y2-mil FEP 34
300XHF929A 3.0 V2 -mil FEP 2-mil H | Yz-mil FEP 39
300XHFO21A 3.0 O-mil FEP 2-mil H 1-mil FEP 39
400XHFO22A 4.0 C-mil FEP 2-mil H 2-mil FEP 27
400XHFO31A 4.0 0-mil FEP 3-mii H 1-mil FEP 30
S00XHF131A 5.0 1-mil FEP 3-mil H 1-mil FEP 22,5
600XHFOS1A 6.0 0-mil FEP 5-mil H 1-mil FEP 21

L e ————— el e T
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6.3 Silicone Adhesives and Primers

Because of the wide variety in available silicone elastomers (millable,
liquid, and paste types), there are several systems for bonding thesc materials
to themselves and to other materials. The adhesives and primers currently
recommended for use with silicone elastomers are listed in Table 6-9.
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7.0 INDEX

Subsection
Accelerator ............... . 4.3
Acetal . ... ... e 2 25.2, 4.1

(see also Delrin) |
Additives . ...... ... 4.3
Adhesives ........................... e 2.3.1, 2.3.2, 2.3.3, 2.34, 6.3
Alkenex .............cc0ii ., e 2.10.5, 4.1
AIRyd .. 29.3, 3.1.12, 4.1
Allyl . 2.25.1, 3.1.18, 4.1
AMINO ... 2.25.3, 4.1
Asbestos .......... ... ., e 2.7.7
B-109-4 ... e e 2.9.3
B-16) ... e 2.9.3
B-d8S . e 2.9.3
B4 . e 2.9.3
BB ... e 2.9.3
Ben-Har ........... i e e 4]
Ben-Har Acryl A, BA-1 ... ... .. 2.7.10
Ben-Har 263, BC-2 ... .. i e ennn, 2.7.10
Ben-Har 1062, HA-1 ... ... .. ... i ....27.10
Ben-Har 1151, HA-1 .. ... . i i i e i 2.7.10
Butyl ............. 2.1.1, 2.7.3, 2.7.5, 29.2, 2.10.1, 2.26.2, 2.26.3, 3.14, 4.1

(see also isobutylene-isoprene, Enjay Butyl, IIR)
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Subsection

Cast . e 4.3

Cat-A-Lac ... 4.1
Cat-A-Lac 443-1(500) .............. ...t .....2861
Cat-A-Lac 463-1-8 ... .. ... .. 2.6.2

Catalyst ...... ... ... 4.3

Chlorinated polyether ............... .. ... ... ... ... .. 4.1
(see also Penton)

Chlorosulfonated polyethylene ..............................ccco.... 4.1
(see also Hypalon, CSPE)

Coatedfabrics .............. ... ... i, e 2.7.8

Coatings ....................ciiiiiiniin. 2.6.1, 262 2.6.3, 2.64, 2.6.5

Coldflow .............. ... .. ..., e e 4.3

Compression set ................ .. ittt e 4.3

Conformalcoating ............... ... ... i, 4.3

Copolymer ... .. e 4.3

CreeD ... it e e e e 4.3

Crosslinking . ...... ... ... . . . i i 4.3

CSPE . 4.1
(see also chlorosulfonated polyethylene, Hypalon)

CUre ... e 4.3

Dacron ....... ... e 2.7.7, 278, 3.1.8, 4.1
(see also polyester)

Delrin . .............. ... i, e 2.7.2, 2.25.2, 4.1
(see also acetal)

DiHall ... e e e e e 4.1
Diall FS-4 .. e e e e e 2.25.1
Diall FS-10 ... . i e e e 2.25.1
Diall FS-40 ... ... i e e 2.25.1
Diall FS-80 ... ... i i e 2.25.1

DuPontNo.58 ................... e e e e 26.2, 4.1

S0 S AT A
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Subsection
Eccobond ... ... . .. 4.1
Eccobond 55/9 ... .. . . 2.3.2
Eccobond 56C/9 ........ .. 989
Eccoeoat ... ... 4.1
Eccocoat EC 200 A/B ...........................2 264, 294, 2.24.1
Eccocoat EP3 A/B ... ... ... .. . 0 264, 294
Eccocoat IC2 A/B ... ... 233, 2.64, 294
Eccocoat VE A/B ... ... . 2.6.4, 294
Eccofoam ... ... 4.1
Eccefoam SIL/ZS ............................................ .2.9.6
Eccofoam FPH ... .. .o, 2.9.6
Eccofoam FPF A/B ... ... . i, 2.9.6
Eccofoam S ... ... ... 2.9.6
Eccofoam FS .. ... .. e 2.9.6
Eccofoam SH ... e 2.9.6
Eccofoam SR .................. e e e e e e e 2.9.6
Eccofoam FP ... .. 2.9.6
Eccofoam GL .. ... ... i 2.9.6
Eccofoam EFF ... . . . .. 2.9.6
Eccofoam PT A/B ... . i e 2.9.6
Fecofoam DPT .. ... .. 2.9.6
Eccogel .......... ... .. ... i e e 4.1
Eccogel 1265 A/B ... ..., 2.2.2, 2.3.3, 2.9.4
Beeosil ... e 4.1
Eccosil 4640 ............ e e e e 2.9.6
Eccosil 5000 ... ... 2.9.6
Eccosil FD-34 .. ... .. e 2.9.6
Elastomer . .......... ... . i e e 4.3
Encapsulate . ........................ e e e 4.3
Encapsulatingmaterials .............. ... ... ... ... ... .. .. 2.2.2
Enjay Butyl ... ... . 4.1
(see also butyl, isobutylene-isoprene)
Epiall ... 4.1
Epiall 1914 ... ... oo 2251
Epicap ... e 4.1
Epicap 360 ........ ... e 2.25.1
B POCast ... 4.1
Epocast 202/9615 ...................... 221 222 2373 .64, 294

D R SR
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Subsection
EDOn L 4.1
Epon 422 . ..., 2.3.2
Epon VII A/B ..................... e e e 2.3.1
Epon Q01/B-1 ... . ... 2.3.1
Epon 901/B-3 ... . . 2.3.1
Epon 903 ... .. 2.3.2
Epon912 A/B ... 2.3.2
Epon 914 . ... . ... .. [P 2.3.2
Epon 917 . . 2.3.1
Epon 919 A/B ... ... 2.3.2
Epon 921 A/B ... . 2.3.2
Epon 924 A/B ... ... 2.3.2
Epon 929 . . ... 2.3.2
Epon 931 A/B ... 2.3.2
Epon 934 A/B ... 2.3.1
B DOXY . . e 4.1
Bster .. 4.3
Ether ... 4.3
Fairprene . ........... .. i 4.1
Fairprene 84-001 ......... ... ... . .. . . . i, 2.7.8
Fairprene 98-101 ......... .. .. . . . i 2.7.8
FE P e e 4.1
(see also Teflon)
Fiberglas . ...........ciiiiiie 2.7.7
Fibers ... .. e e e 2.7.7
Film ... . e e 4.3
Films .. ... e 2.7.1
Firmtime ......................... P e 4.5
Fluorocarbon ........... . ... .. .. 4.1
(see also Tedlar, Teflon)
Fluorcelastomer ............. ... .. ... ittt v, 41
(see also Viton)
FM-1044 ... o e et e e 2.3.2, 4.1
Foams ........................... e e e e e 2.9.6
Foamterms ............. .00ttt ittt iieietenrnenennnns 4.3
FOrmMeX .. i e e e e e 2.10.5, 4.1
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Subcection
Gaskets ... .. ... 2.1
General nonstructural materials . .................................... 2.26
General structural materials ........................................ 2.25
Graphite .......... ... . .. e 2.7
Gude-Space .......... ... .. i 4.1
Gude-Space 18D96 . ........... ... i 2.7.9
Hardener ........ ... ... . i 4.3
Heat-shrinkable materials ......................................... 2.9.5
Heat treatment for glasscloth ................... e e 4.3
Hi-Shrink tape .......... ... i i, 2.9.5
HMH . e e 2.254, 4.1
Homopolymer . ........ ... ittt i, 4.3
Honeycomb . ....... ... .. i e 4.3
HRP ... . e e ,...2.254, 4.1
HRS .......... e e e e e e 2.254, 4.1
Hycar ............. 2.1.1, 27.3, 2.7.5, 2.9.2, 2.10.1, 2.26.2, 2.26.3, 3.1.2, 4.1
(see also PA, polyacrylic)
Hypalon ........... 2.1.1, 2.7.3, 27.5, 29.2, 2.10.1, 2.26.2, 2.26.3, 3.1.1, 4.1
(see also CSPE. chlorosulfonated polyethylene)
0.1 PP 4.1
(see also butyl, Enjay Butyl, isobutylene-isoprene)
Inhibitor . ...... ... .. e e et e 4.3
01700 g 1 4.3
Insulation . ......... ... i e e e 2.9
Isobutylene-isoprene .............. ... ... .. . il e 4.1

(see also butyl, Enjay Butyl, IIR)
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Subsection
JPL e 4.1
JPL J00L ... 2.6.5
JPL 1002 ........... e e 2.6.5
Kapton ................ 2.7.1, 274, 29.1, 2.10.3, 2.26.1, 3.1.11, 4.1, 6.1.11
(see also polyimide)
Kodak Photo Resist ...................0 i, 2.24.1, 4.1
KPR . e 2.24.1
Lacingtape (tiecord) ......... ... ... ..o, 2.7.9
Laminar ... ... 4.1
Laminar X-500 . ... 2.6.2
Laminar X-500 (clear) ................coiioiiiiiii i 2.6.3
Laminate ............ .. . 4.3
Laminates . ... ... e e 2.25.3
Lexan ....... 2.7.1, 272, 274, 291, 2.10.2, 2.10.3, 2252 3.1.9, 4.1, 6.1.9
(see also polycarbonate)
M-O-1002 .. . e 2.25.1
Markingmaterials ........ .. ... .. ... . ... ... ... 2.24.1
Melamine ......... . ... ... i, 2.25.3, 3.1.17, 4.1
Micarta ............. ... .o, et e e 4.1
Micarta H-85834 . ...t e et 2.25.3
Micarta H-8457 . .......... .. ... .. . o uu.... et 2.25.3
Micarta H-17480 . ... e e eeenn 2.25.3
Micarta BOM 2D ... .. e e 2.25.5
Micarta 2508-2 ... .. e 2.25.3
Micarta 20200-2 ... . i e e e e 2.25.3
Mill . e e 4.3
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Subsection

Millable ....... ... .. e 4.3

Modified ..... ...... ... ... ... e e 4.3

Modulus ......... .. .. e 4.3

Monomer . ... ... . e e i e 4.3

Mylar .............. 2.7.1, 274, 29.1, 298, 2.10.3, 2.26.1, 3.1.8, 4.1, 6.1.8
(see also polyester)

Mystik .. e e e e e 4.1
Mystik 7351, 7352, 7355 ... . i e e 2.7.6
Mystik 7452, 7453 ... . i e 2.7.6
Mystik 7455 ... e 2.7.6

Nomex .......... i it 2.7.5, 2.7.7, 2.26.3, 4.1
(see also nylon, polyamide)

Nonstructural materials ............... ... ... ... ... ... .. .coiiin. 2.26

NYION .. e e e e e e 4.1
(see also Nomex, polyamide)

P A e e e 4.1
(see also Hycar, polyacrylic)

Penntube II-SMT ... .. ... e enas. 2.9.5, 4.1

Penton .......... .. e e 2.25.2, 3.1.16, 4.1
(see also chlorinated polyether)

Phenall . ... ... e e e e 4.1
Phenall 8010 ......... ... i i i e 2.25.1
Phenall 8060 ..........cciiiiiiiii ittt ittt 2.25.1

Phenolic . ...... .. . i e e e 4.1

Plastic(s) . ...t e e e e e e e e 4.3

PlastiCizer ........... . i e e i e e 4.3

Polyacrylic ........ ..ot e 4.1
(see also Hycar, PA)

Polyamide ........... ...ttt ittt intnaan. 4.1

(see also Nomex, nylon)
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Subsection

Polycarbonate ........... .. ... . ... ... .. 4.1
(see also Lexan)

Polyester ........... ... .00t e 4.1
(see also Dacron, Mylar)

Polyether ...... ... . . . 4.1
(see also Penton)

Polyimide ......... ... .. o i 4.1
(see also Kapton Polymer SP, PYRE-M.L., Vespel)

Polmer . ... . 4.3

Polymerization ........... ... ... ... . 4.3

Polymer SP ........ ... . e 2.7.2, 2.9.1, 2.25.2, 4.1
(see also polyimide, Vespel)

Polyphenyleneoxide ............... . ... ... i 4.1
(see also PPO)

Polysulfone .......... ... i i, 2.25.2, 4.1

Polyurethane .......... ... ... . ... .. . 4.1

Polyvinyl fluoride ....... ... ... ... ... . 4.1
(see also PVF, Tedlar)

PoSt-CUre ... ... e e e e e 4.3

Pot life ........ ... i 4.3

Potassium titanate ............... ... ... ... . i i 2.7.7
(See also Tipersul)

Potting .......coviiiiiii i e e e 4.3

Potting materials .......... ... ... ... ... .. .. . 2.2.2

PPO .. e e 2.25.2, 4.1
(see also polyphenylene oxide)

Pre-Shrunk Temp-Lace 256 .......................cciviivunnnn. 2.7.9, 4.1

Primers, silicone ............. ... .. i 6.3

Promoter ....... ... e e e e e e 4.3

PV e e e e 4.1
(see also polyvinyl fluoride, Tedlar)

PV-100 ... e e, 4.1

PYRE-M.L. .. i i e e 2.10.5, 4.1

(see also polyimide)
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Subsection
Radiationresistance ................ ... 4.3
Reinforcingagents .................. .00ttt 2.7.7
Resin ... . 4.3
Rubber ... 4.3
RTV. .., 221, 2.2.2, 234, 294, 3.1.6, 4.3, 6.1.6, 6.3
RTVcuredata ..............ciiine 6.1.6
] 4.1
Sealants ........ .. ... 2.2.1
Seals ... . 2.1.1
Sheet ... 4.3
Sheets ...t e 0.0.272, 273
Shelf life ........ ... i 4.3
Shrinkable materials ................ ... .. ..o iiiirnnnnn, 2.9.5
Shrinkable Mylar . ...... ... ... ... . .. 2.9.5
Silicone adhesives and primers....................... ... ... .. 6.3
Silicone elastomers. .. .2.1.1, 2.7.3, 2.7.5, 2.9.2, 2.10.1, 2.26.2, 2.26.3, 3.1.5, 6.3
(see also RTV)
Silicone laminate .............. ... ... i 2.25.3
Silicone molding compound . ................. . ... .. ... ..., 2.25.1
Silicone primers .......... ... . i 6.3
Silicone terms ............. e ettt e e 4.3
Silicone varnishes, resins ............ ... ... ... . i 2.9.3
SiloXane ............ .. e e e 4.3
Sleeving .. ... e e 2.7.10
] 3 4.1
N 3 2.9.3
ORI L e e e e 2.9.3
SR 220 .. e e e et e 2.9.3
SR 224 .. e e e 2.9.3
SR-200 .. i e e e e e e e e 2.9.3
SRDD-5905 .. ... e e e e e 2.7.8, 4.1
SRG-1810 ... o e e e e 2.7.8, 4.1
SRGA-0214 ... e e e e e 2.7.8, 4.1
Stabilizer .......... . e e e e e 4.3
Storage life ........... .. i e e e 4.3
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Subsection

Structural materials ............... . ... ... . ... . ... 2.25

Stur-D-Lace HISDH ........... ... ... i 279, 4.1

Sy CaSt ... . e e e e 4.1
Stycast 1090/9 .............. e P2 X
Stycast 1090 SI ... ... e 2.9.6
Stycast 1005 . ... .. e e 2.9.6
Stycast 1264 A/B ... ... 2.2.2, 2.3.3, 294
Stycast 2741/15 ........ ... i 2.2.1, 2.2.2, 2.3.3, 294

Supporting materials .............. .. .. ... .. ... . 2.7.7

S-Ld L e 4.1

Tack-free time ......... .. ... ... . . i i 4.3

T aAPeS ...t e e e 274, 275, 2.7.6

TBS PTFE ... e e 4.1

Tedlar ..............27.1, 274, 29.1, 298, 2.10.3, 2.26.1, 3.1.7, 4.1, 6.1.7
(see also polyvinyl fluoride, PVF)

Teflon ... .. e e 4.1
FEP Teflon ................ 2.1.1, 2.7.1, 27.2, 274, 29.1, 29.5, 2.9.8,

2.10.3, 2.10.2, 2.26.1, 3.1.7, 4.1, 6.1.7
TFE Teflon ............... 2.1.1, 27.1, 27.2, 274, 277, 29.1, 2.10.2,
2.10.3, 2.10.5, 2.26.1, 3.1.7, 4.1, 6.1.7

Temperaturecontrolterms ............... ... ... . it 4.3

Temp-Lace H256H ............... ... .. i, 2.79, 4.1

Terpolymer ... ...t e e e 4.3

Textiles. . .........oo it 2.7.7, 2.7.8, 2.7.9, 2.7.10

TFE . e e e e 4.1
(see also Teflon)

Thermofit .. ... ... i i i i it i i e 4.1
Thermofit CRN ... ... .. i i i ittt i 2.9.5
Thermofit Kynar ......... .. .. it 2.9.5
Thermofit RNF-100 .. ... .. ... i i i 2.9.5
Thermofit TFE .. ... ... . i i i 2.9.5
Thermofit TFE-R . ... ... . i i i i 2.9.5

Thermoplastic .. ....... ... ittt ittt . 4.3

Thermosetting . . ... ... ... oottt i i ittt it innenn, 4.3
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Subsection
ThiXotropiC . ... i i e e 4.3
TR O ODY .. .ottt e e e e 4.3
Tipersul .. ... e 2.7.7
(see also potassium titanate)
UG080 . ... e 2.6.3
Varnishes ........... i i i i e e 2.9.3
VEHE e e e e e 41
(see also fluoroelastomer, Viton)
4117 P 4.3
Vinylidene fluoride-hexafluoropropylene . ............................. 4.1
(see also VFHE, Viton)
741+ T PR 4.1
VitonB .............. 2.1.1, 2.7.3, 2.7.5, 29.2, 2.10.1, 2.26.2, 2.26.3, 3.1.3
Vulcanize . ....... ... i i i it e e e 4.3
Vespel ..o e e e e e e 4.1
(See also polyimide, Polymer SP)
Working life .......... ...ttt i i i i e i 4.3
Wire and cable materials .................... e e e 2.10
Wireenamels ...................... e e e 2.10.5
Y/ A P 2.6.1
BM 100-C-10 ..o e e it e e 2.6.2
13X black ... e e e e 2.24.1
T White ... .. i e e e 2.24.1
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