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ABSTRACT

The overall Program objective was to develop a flexible compound which not only
funciioned in @ manned cerospace environment as an effective electrical insulation,
but whose flammability characteristics in 16.5 psia, 60% oxygen/40% nitrogen were
evidenced by rapid self~extinguishment and minimal thermal (pyrolysis) degradation.
Based upon extensive contacts with sources of pertinent information (i.e, literature
survey, vendors, etc.), abroad array of "non-flammable" polymeric specie, and
additives generally noted fo have flame retarding properties, were investigated,
formulaied, and tested.

The following polymeric matrices were examined in depth: fluoroelastomers, modified
fluoroelastomers, silicone RTV's, fluorosilicone RTV's, and modified silicone and:
fluorosilicone RTV's, Almost none of these systems buined in air, bui all burned in

6.2 psia oxygen, Inorganic, organic, and inorganic/organic additives were evaluated
in conjunction with these polymers in order fo achieve the required survival in the 16.5
psia 60/40 environment. Depending upon formulations, it was possible to achieve non-
flammable products when tested in the 1/4 in. x 1/4 in, % 1 in, configuration, even

up fo and including 16.5 psia oxygen. However, in order to assure this level of flame
resisfance, it was found necessary to heavily "load" the matrix with the additives.

This resulred in a significant reduction in mechanical properties and large increases

in viscosities, Optimization of formulations to obtain a suitable balance between

these properiies and flammability resistance led to the final selection of Formulation
387 as the primary system. lts fluorosilicone RTV/halogen-loaded constituency meets
almost all Program requirements. The very few fow valued properties found are within
a realistic level of design toleration.

Complete feimulation, processing, and test data is herein provided for F~387, and
the other formulations prepared by the Project, These other formulations include
several potentially useful for this Progiam, but which require further development,
possibly even synthesis of necessary siable intermediaries,

This report contains details of those test methods and procedures utilized in the Program
but which are not either readily available, or are of some special nature. In addition,
a description of the special flammability fucility designed und fabricated for this
Program is also presented.
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SECTION 1

INTRODUCTION

Numerous aerospace applications exist for potfing and encepsulating compounds,
and conformal coatings, These include connectors, printed circuit boards, wire
harness terminations, circuit breakers, etc. These maferials perform such diverse
design and fabrication functions as electrical insulation, abrasion and handling
pretection, physical locating and orienting restraint, shock and vibration isolation,
and atmospheric (particularly moisture and high humidity) and bactericlogical
protecfion. There are a broad range of conventional off-the-shelf flexible or
semi-flexible materials {e.g. urethanes, polysulfides, epoxies, silicones, and poly-
esters) which could satisfactorily provide these functions and, in fact, are approved
for the above usage under various applicable MIL and NASA specifications (Refs,
I~1, =2, -3, and -4). Some of these materials are inherently flame retardant in
air by virtue of their molecular structure or additives. However, none of them are
non~flammable, or even completely and rapidly self-extinguishing, in 6.2 psia
oxygen or 16,5 psia 60% oxygen/40% nitrogen, even with so~called non-flammable
additives.

NASA experience (Refs, 1-5, ~6, -7, -8, -9, -10, and =11} has particularly
highlighted the necessity of having non-flammable versions of these compounds and
coatings for such man-rated space vehicles as the Command and Lunar Modules for
the Apollo spacecraft, and for the upcoming SKYLAB and Shuttle operations, As
NASA approved Category B, Minor Exposed Materials in the Crew Bay Atmosphere
(Ref, 6~1), items, it is essentia] that these materials, regardless of exposure to
cabin atmosphere (i.e., vacuum to 16,5 psia 60% oxygen/40% nitrogen), provide
no fuel to any accidental {lame initiation. Such criterion is exceedingly difficult
to accomplish with polymeric moieties, even when no hydrogen is present in the
polymer. For example, "...Teflon, which is a very fire resistant material in air,
burns rapidly in 100% oxygen at 16.5 psia and significantly in a 60% O5/40% Ny
environment atf that pressure,™ (Ref, 1-12),

Besides the flammability aspect, the material selection criteria for the manned space
structures must also consider the critical problems of foxicity resulting from outgassing
within the closed ecological system of manned space flight.

From the above, it was apparent that there were no presently available potting/
encapsulating compounds and conformal coatings which not only comply with the
conventional functional and processing requirement, but also meet the unique
safety criteria engendered by manned spacecraft operations, |t was therefore the
objective of this Program's R & D effort to develop, formulate, and test non-
flammable, non-toxic, vacuum stable, low temperature curing compounds which
would be applicable to poiting, encapsulating, and conformal coating of electrical
systems typically encountered in manned cerospace systems, -
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SECTION 2

PROGRAM SCOPE

In addition 1o the overall Program scope definition established by the Statement of
Work (Ref. Appendix A), other realistic constraints were initially applied, some
due to obvious technical needs in teims of probabilify of success, others to budget
restrictions. These limitations included:
a. No new polymer synthesis routes would be investigated. "Simple®
laboratory and/or shop polymer modifications were not considered herein
as synthesis.

b. Only off~the~shelf materials would be utilized, This restriction was
lafer broadened during the Program to include research materials which
had achieved or could achieve rapid pilot plant and/or production status.

c. Formulated compound(s) raw materials’ costs were not to exceed epproxi~
mately $100.00 per pound. Although critical NASA requirements,
especially in the area of flammability resistance, have necessitated (and
are still doing so) the use of materials which cost $500,00 to $1500.00
per pound, a lower cost was essential if wider usage by cost conscious
hardware-oriented designers was to be accomplished,

d. Emphasis was placed upon the development of elastomeric and/or flexible
formulations. This was due to the practical problem of a) achieving the
mechanical stability necessary for compaund/component bond integrity,
and b) protecting the component from shock and vibration resulting from
process/installation procedures, us well as operational environments,

It should be noted that the Statement of Work shown in Appendix A is a modification

of the original Program directive. lts changes reflect recent NASA and NASA
contractors design philosophy and objectives.

2-1



SECTION 3

EXPERIMENT DEFINITION AND TASK SEQUENCE DEVELOPMENT

A graphic description of the Program Plan is shown in Figure 3-1, The phases noted
reference the applicable sections of this1eport. The completion of a specific phase
signified a major " Go=No Go" decision point for each formulation.

3.1 PHASE I: MATERIALS SELECTION
3.1.1 Stale-Of-The-Art Material and Testing Survey

fn ordei to accomplish the Program’s objectives within the prescribad constraints, it
was deemed necessery fo first assess the state-of-the~art primarily of non-flammable
materials, and secondarily of fire retarding and quenching agents, Further, the
pertinent processing, environmental and functional choracteristics of potential
materials were also fo be sought. Since the binder was clearly the weakest link in

the formulation chain, it was essential fo contact organizations which weie considered
potential sources of applicable binder materials and/or data (see Section 4).

Through the course of the Program, accession of 327 pertinent documents was made.
These reports covered such applicable areas as:

a. Materials (e.g. elasromers, non-flammable monomers and polymers,
flame retarding additives).

b. Testing/Properties (e.g. flammability, thermal and/or vacuum, outgassing,
toxicity, thermal decomposition in high oxygen environments, environmental
requirements for manned as well as unmanned space operations).

c. Applications (e.g. potting, encapsulating, wiring, printed circuits).

3.1.2 Material Selection .

Based upon an.-analysis of the available data, the delineation of processing/functional
requirements, and a determination of the 1elative significance of such information,
candidate polymeric matrices and flammability reducing agents were selected for
preliminary formulation. (See Section 6}. Principal emphasis was on the minimization
of hydrogen content {preferably by replacement with halogen atoms). Secondary
consideration was given to minimum carbon. Unless otherwise noted in this report,

the various formulation materials were used in the "as received” condition. Since
many were vendor proprietary products, the chemical identification and quantity of
their constituents were offen not available.
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FIGURE 3~1
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Although the number of el~stomeric, or even flexible, polymers which cre rapidly
self-extinguishing s quite limited, it was deemed feasible, by judicious incorporation
of additives, fo utilize somewhat more flammable polymers. The rationale for the
specific seleciion of each of the additives used in the Project's formulations has

been reviewed in some defail in the Piogress Reports, or are discussed in Seciion
6.1.1.2 of this report.

The formulations evaluated in this Program were generally based upon the arbitrary
decision to initially utilize 150 phr of any flame refardant under consideration. A
more relevant method fo comparatively evaluaie the various fillers would have been
to utilize exacily the same particle size for each one, and to add sufficient quantity
fo achieve a given viscosity. However, it was clearly impractical to attempt to
procure a specific particle size for most of the candidate fillers in terms of the
Program budget and continvity. Further, conventional viscosity measurement
techniques which would be pertinent to the generally high viscosities encountered
with many of the formulations considered by the Project, could not have been utilized
for the-minimal weight quantities (e.g. approximately 10 giams) prepared for the
preliminary flammability tests. Hence, a "standard” 150 phr filler content was used

in most formulations. Wherever reasonably feasible, particle size was maintained
below 170 mesh.

3.2 PHASE 1f: PRELIMINARY SCREENING
3.2.1 Formulation

Materials selected from the Phase | investigation were compounded 'in formulaiions
which were then fabricated info preliminary flommability test spec:mens and
qualitative physical and mechanical test sirips,

3.2,2 Testing

3.2.2.1 Flammability -~ As previously noted, the order of testing precedence and

the rejection of certuin formulations weie primarily predicated upon flammability
resistance. Therefore, the initial consideration of any formulation was based upon

its performance under ignition conditions in environments containing various purflal
pressures of oxygen and respective oxygen perceniages in the total pressure environ-
ment, The criferia was non-flammability (or rapid self-extinguishebility) in whichever
test environment was being used at a given level of test (i.e. air, 6.2 psia oxygen,
e{'c.).

The comparative flammability resistance of the various formulations were initially
evaluated using a 1/4" x 1/4" x 1,0" molded specimen, each having a Teflon coated
wire embedded in the center of the specimen, parallel to the long dimension. The
mold for these specimens is described in complete detail in Section 5.2 {Ref.
Appendix O). This preliminary flammakility test is clearly a highly simplified
version of the required test (see Appendix B). The advantages of thie preliminary
test are as follows:
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¢. Rapid and fow cesi (labor and material) tests permif__a significantly larger
number of formulation variations to be evaluated. .

b. A "rough" optimization of candidate formulations can be achieved prior
to design-type functional data accumulation,

¢. The preliminary tests specifically exclude all potentially flammable
materials (i.e. other than candidate materials) fiom the test zone {e.g.
neoprene insert of the Bendix pygmy connector} which could tend to
obscure the flammability characteristics of ‘the candidates.

The preliminary flammability tests were first performed in air during the early part
of the Program. (A shift to starting at 6.2 psia oxygen was later carried out when
sufficient famitiariry with the formulations was established.) If found fo be self~
extinguishing or non-flammable in air (Ref. Appendix [) the test was repeated at
6.2 psia oxygen (Ref. Appendix J), If the material was self-extinguishing or non-
flammable, the fest was repeated in 16.2 psia 60% oxygen/40% nitrogen (Ref.
Appendix K). Success ot this level advanced the test to 16.5 psia oxygen (Ref.
Appendix L}, A material was removed from further preliminary flammability testing
if the formulation was found to be non-self-extinguishing, regardless of test
environment, Subsequent revision of the Statement of Work upgraded the 60/40
test from 16,2 fo 16.5 psia to more closely coincide with the then applicable
spacecraft environment. This increased the oxygen partial pressure from 92.72 to
9.9 psia. Testing in this revised environment was still performed via Appendix K,
but with appropriate changes in pressures.

3.2.2,2 Mechanical/Physical Properties (Qualitative) - All data shown in the
various tables of this reporr which are identified with the sub-title of "Characteristics
were developed from thin sirip specimens (see Section 5.3). Degree of cure was also
based upon the molded preliminary flammability specimen. Due to the small size of
the strip specimen, testing was limited fo those forces simply provided by the hands
and between the fingers. For example, crack resistance was carried out by folding
the sirip in half so that the crease was in the width dimension, and the faces met
within approximately 1/4 in, from the crease line. While in the folded condition,
a crack propagation evaluation was then performed by making a small slit in the
convex surface of the fold with a scalpel. Such tests, while being extremely simple
and fast to run, are clearly quite subjective by nature and, hence, were only
indicative of a trend and/or were o gross approximation of a property,

3.3 PHASE [1l: FINAL SCREENING

The results of Phase 11}, consisting of those tests shown in the applicable porrion of
Figure 3-1, are discussed in complete detail in Section 7. The tests selected for
this phase were based upon the widest evaluation (i.e. flommability, electrical
properties, space environmental and thermal effects, and toxicity) with the minimum
number of tests, ' -
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The electrical properties can usually be qualitetively deduced from theoretical
considerations of the base polymer's structure, and its skeletal constituents. However,
the inclusion of additives sufficiently complexed the analysis so that empirical date
were required af this screening level,

It should be noted that the odor test was not conducted until the "safe " concentration
level was established during the carbon monoxide/total organics (CO/TCO) determin~
ations were made,

3.4 PHASE IV: PRODUCT CHARACTERIZATION

This phase, as shown in Figure 3-1, involved additional tesis which provide prelimi-
nary design data, This additional date increased the confidence level in the usage
of the final selected formulation, For example, the cured materials are exposed to
mechanical loads when o) they are handled and shipped, b) installed, ¢) launched,
d) relocated, and e) used to position other materials (e.g. wire harnesses). Since
it is not practical to initially test materials to each and every load environment
anticipated, various basic tests were used to categorize the materials for subsequent
material selection and specific test evaluation by applicable M&P/design staffs,
These tests included fensile, elongation, tear, and bond sirengths.

The "piggy-back™ flammability test was conducted during this phase to defermine
the effect of one connector's ignition upon an immediately adjacent connector.

The results of this test are discussed in Section 8.3.1 and the test is described in
Appendix A, Section 3.4.1.2,

Since realistic utilization of the final material may involve some processing and
fabrication errors by the electrical component's manufaciurers and assemblers, it

was considered advisable to derermine the feasibility of rework and repair techniques
with the material. The fechniques were verified by fabrication of a typical repair
and determining the qualify of the repair with a moisture/resistance test.

3.5 SYSTEMS AND PROCEDURES
3.5.1 ldentification

Source and batch data were maintained for all formulations and processing materials,
A number was consecutively assigned to each formuiation. Individual batches and
duplicate specimens of a given formulation were also noted via this technique. For
example, 003-05-12 designates the twelfth specimen prepared from the fifth batch of
formulation system number 3. Test data were keyed to these numbers,

3.5.2 Data Retenfion.

Each formulation and flammability test was recorded and filed as an individual
unitized package so that access to all data for each was immediately available.
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SECTION 4

MATERIALS AND TESTING SURVEY

To accomplish the aforementioned objectives within the program constraints, it

was necessary to assess the state-of-ihe-art of non-flammeble materials, and of
fire retarding and quenching agents. In addition, the processing, enviionmental,
and functional characteristics of porential materials were also sought. Since the
elasfomeric, low temperature curing binder is clearly the weakest link in the
formulation chain, contacts wele established with organizations which were con-
sidered potential sources of applicable binder materials and/or data, Also, testing
experience of other organizations than the Contractor, especially with respect fo
flammability, was simultaneously investigated, As a result of these contacts, those
organizations whose activities appeared fo warrant a more detailed conference were
visited. The resultant information is presented in Appendix G of this report,

Subsequent actions with each of these organizations is briefly noted below:

1. NASA - White Sands Test Facility: The connector flammability, odor,
outgassing, and TGA fests were conducted by WSTF for this program.

2. NASA - MSC: Program monitoring by MSC was maintained via visits,
telecons, and Progress Reports,

3. Rice University: It became apparent that it was not realistic to pursue their
direct fluorination route during the course of this program since the "arf" was
still quite preliminary.

4. Peninsular Chemresearch: As a result of various telecons, It was evident that
their extensive (also Pierce) line of fluorine chemicals were generally not
applicable to direct polymer formulation. (However, they appeared to be an
excellent source of precursors for synthesis of potentially non-flammable
polymers.) Nor were they particularly interested in the HFPO patented by
DuPont, However, they were prepared (also Pierce} to consider a fluorinated
polymer development sub-contract oriented foward the needs of this program.
They indicated that a minimum of 2 years would probably be involved. Further,
development cost would be high (CNR development being cited as a typical
example). Since this was outside the scope of this program, the subject was
dropped.

5. NASA - MSFC: No directly applicable polymer technology or data available,

6. NASA - Goddard: Ceramic~based evaluation materials never received,
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DuPont ~ Chestnut Rur: The Viton formulations were experimentally pursued
in some depth. Although no further action could be taken with respect to
procurement of HFPO, ifs potential with epoxies is still evident.

US Navy: No further action,

Grumman: Their use of glass frit was explored in some Furane formulations.
Wright-Patterson AFB: Monsanfo Research was contacted concerning perfluoro-
styrene, Cost af this time (development laboratory quantities) was considered

excessive. AFML Viton sealant formulations (similar to those suggested by
DuPont) were examined experimentally.

3M: Considerable aitention was given to-the L-2344 polymer during the program.
None of the ~-COOH terminated Fluoiel was available,

NASA ~ Ames: Their primary materials development interest in infumescent-
type fire refardants was not too pertinent herein.

it should be noted that a considerable number of other organizations weie effectively
dealt with via telecon (e.g. Dow Corning and the silicone division of General Eleciric).
The results of these investigations are documented for those interasted.



SECTION 5

SPECIAL APPARATUS AND TEST PROCEDURES

5.1 FLAMMABILITY TEST FACILITY

The Project’s initial concept for the flammability tests, equipment and facilities,
was predicated upon the use of conventional glass reaction flasks as the basic test
chamber, In addition, portebility was essential to the coordination of tests with
the sub-contracror who was scheduled to perform some of the other tests. It became
1apidly clear that a more sophisticated design and construction was necessary in
order to optimize safety, reproducibility, a high rate of testing (i.e. over 500
specimens were ultimately tested with this facility during the conduct of the pro-
gram), and cost. As a result, a considerably greater effort was expended on this
task than had been previously estimeted. Further, subsequent arrangements with
the White Sands Tesring Facility of the NASA Manned Spacecraft Center o conduct

outgassing tests obviated the need for portability.

A cylindrical section of a surplus vacuum processing system was utilized as the
basic test chamber, (Expendable and/or surplus materials and components were
used wherever possible to minimize cost.) This structure had various porrs which
were used with only minor modifications., The entire facility and system design
was then reoriented around this cylinder, Figure 1 (Appendix H) is a block
diagram of the final unit and the subsystems of which it is comprised. The intet-
connecting distribution systems for the electrical power, environmental test
aimospheres (oxygen and nifrogen), purging (hitrogen), vacuum, and veniing
systems are specifically shown in Figure 2 (Appendix H), Tables1 and 2 of
Appendix H furiher identify materials and components of the test facility.
Numerous brass, stainless steel, iron, and copper fiftings and tubing were
utilized in the assembly of the system. Flexible pressure lines (e.g. Flexline)
were also used in order to simplify assembly.

The remaining pertinent design details of the sysiem can be seen in Figures 3
through 13, inclusive, of Appendix H. However, several items worthy of addi-
- fional comment are:

1.. The primary pressure gage, -26 (see Figure 2 of Appendix H), was
recalibrated to assure precise pressure readings within the gage limits
(i.e. 0.025 psia/div.). Since the gage was used as an obsolute
pressure indicafor, its case was kept evacuated. This was found
difficult fo achieve in practice due to a very minute, but finite,
leckage in the case connections. It was found more expedient to
atiach the case to the vacuum pump via a vacuum valve, -21 (see
Figure 2 of Appendix H), so that the case could be periodically
evacuated, ) -
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2. Due io the anticipated enormous number of specimens to be tested,
cycling speed was an important design parameter, To this end,
manual 4.0 in, quick-opening vacuum valve is the seal an the loading
port. The general procedure is to prepare a connector and attach it to
P/N 11600 (Figure 7 of Appendix H). The potted connector and its
holder are then held by one hand, and are inserted into the chamber
via the loading port. The holder is mechanically located onto the
specimen holder support plate (Figure 8 of Appendix H), with the aid
of the banana plugs. The specimen's wites are then connected to the
center bolts of P/N 11500 (Figure 6 of Appendix H), for power. The
hand is then temoved from the 4,0 in. valve, the valve is closed,
and the test can be commanced. The same arrangement can be utilized
for both the preliminary and "screening” connectors, The preliminary
1/4 % 1/4 x 1 specimens are mechanically held by their leads to the
terminals,

3, An appreciable amount of time was devoted to minimizing system leaks.
All pipe threads were sealed with Teflon tape. The exposed excess tape
was then trimmed away and the exterior of the connection was then
coated with RTV 3140 silicone elastomer (Dow Corning), a one-part
moisture curing, methyl alcohol producing system. AN connections
were simply tighitened and coated with RTV 3140,

Due fo the obvious dangeis inherent in the fest (e.g. high oxygen content, over-
ambient pressurization, petential toxicity of decomposition products, etc. ),
system and procedural safety were part of the fundamental design criteria for the
test facility. For example, it is seen from Figure 2 of Appendix H that the relief
vents of the low pressure oxygen {~14) and nitrogen (-13) regulators are vented
into the "outside™ vent line. This eliminafes possibility of venting foxic gases
near operating personnel, Other safety measures included:

1. A light which is activated by the pressure swiich so that personnel in
the vicinity of the system will be immediately aware of any pressuriza-
tion downsiream of the Oy (-16) and Ny (~15) globe valves.

2. A 12-25 micron filter, (=27) which is to assure that the entire pressuri-
zation system, especially the gage (-26) and the regulators, are given
some protection in the event that excessive chamber pressure fries to
force 12-25 micron particulate matter upstream. Such perticles could
readily be present in the chamber from the pyrolysis of filled formulations.

3. A rupture disc, Initially, commercially available 0,0006 in, aluminum
foil (Reynolds Wrap) was used. Four successive runs with dry nitrogen
resulted in rupture af 18,9, 19.5, 19.7 and 19.6 psiq; certainly satis-
factory for our purposes. (In order to carry out fhese runs, the relief
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valve, =29, was closed off since it opened.af approximately 16,8 psia
and reclosed at approximately 16.2 psia.) The above thickness of foil
was found to develop hairline cuts after several runs, These cuts were
obviously in the pattern of the honeycomb core support disc. The
damage seems o have resulted from the up and down cycling of the foil
onto the core edges during the flammability test runs. After replacing
the foil several fimes, it was decided to use an 0.0011 in. cluminum
foil. This significantly increased the rupture disc life. However, it
was desired to reduce the failure 1ate even further so as not to inferrupt
test series, [n grder fo do so without becoming involved in either
machining out the core caviry, or even worse, machining the core down
to a smaller thickness so that a non-flammable {e.g. ceramic) coating
could be applied to the core edges, it was decided to place a very thin
porous screen between the foil and core, A 100 mesh brass screen was

selected and is presently in use between the honeycomb core and the
foil,

A check valve (~29) set to "crack" af 2.5 psi above ambient to back up
the manual relief valve (-18).

A mirror set at an angle so that the specimen can be observed through
the Pyrex window (8,32 in. dia, clear sight).

All flushing done with nifrogen; no air permitted in system due to
relative ease of having some amounts of organics (e.g. oils) carried
into the chamber by the air, even with very good filters,

Testing was conducted in outside covered-over area fo assure a practical
fevel of‘air circulation for the vented effluent.

Substitution of Viton 'O! rings and gaskets wherever possible, for the
usual types (probably Buna N} found in or designed for many of the
components which can be exposed to pure oxygen.

Oxygen cleaning. Upon completion of fabrication, the entire system
was assembled for "fit." |t was then disassembled to the extent that
all materials and components which would, or conceivably could be,
exposed to a high oxygen environment could then be oxygen cleaned,
The system was then reassembled, checked oui, and put into operation.

The procedures for flammability testing in "air," 6.2 psia oxygen, 16.2 psia 60/40
oxygen/nitrogen, and 16.5 psia oxygen with this facility are shown in Appendices
[, Jo K, and L, respectively. The components referenced in these procedures are
shown on Drawing No. 10010C, included as Appendix M, A typical copy of the
test data sheet is also provided for furiher clarification and information (see
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Appendix N), The entire facility is shown in Figure 5-1. In general, the facility
was designed so that its operational |imits and procedures could closély.simulate
those specified in M5C~D~-NA-0002, Tests 5 and 17,

The equipment was put "on stream” with formulation F-001 (see Table 6-49),

Figure 5-2 shows the test specimen being inserted into the chamber. The installed
specimen is seen in Figure 5-3. Two specimens were tested in air to verify the

basic operational procedure, This was extended to 6.2 psia oxygen with another
specimen from the same formulation. The daia for these specimens are given in

Table 6-50. The testing of the fluorocarbon formulations was then commenced in
both air and oxygen in order o clear up remaining bugs in equipment and procedures.

5.2 FLAMMABILITY TEST SPECIMEN MOLD

In order to conduct a preliminery evaluation of the comparative flammability resis-
tance of the large number of formulafions anticipated, a simple molded specimen
configuration was required; one which did not utilize such non-recoverable hardware
as expensive connectors, prinfed circuit boards, etc. Several designs were considered
based upon whether the ignition wire was to be embedded within the specimen or
whether it was to be peripherally attached. The former would be more difficult fo
fabricate but would more closely simulate the specimen required for MSC-D-NA-0002,
Tests 5 and 17, The latter would be simpler fo produce and would be similar to the
silicone RTV igniter sometimes used for flammability iesting in pure oxygen. The
embedded type was finally selecred because of its relationship to the above Tests 5
and 17, specified in the Work Statement.

A four cavity die design was prepared. The simplest (and lowest cost) design of
this type would have been based upon simple milled slois in a Teflon (for release)
block. It was decided to design the die so that each cavity could be completely
disassembled. The edvisability of this was in line with the possible poor cures with
polymeric species which might result from some of this program's formulations. Thus,
even low cohesive sirength specimens could be prepared, and removed with minimum
damege. This also permits shorter mold turn-cround time. It was also considered
cdvisable fo keep the spacing between the cavities as small as possible to minimize
the quantity per "shot" of experimental and/or costly materials. The die sketch is
shown in Figure 1 of Appendix O and the Bill of Mateiials is tabulated in Table 1
of Appendix O,

The removable cavity segments are shown in Figure 5-4. The entire unassembled
mold is seen in Figure 5-5. Figures 5-6 and 5-7 show the AWG 20 Teflon insulated
wites, used for ignition and attachment, in various stages of assembly prior to
insertion of o compound. A cured set of test specimens are seen in Figure 5-8
before demolding. Typical variations in physical quality of resultant specimens

are graphically disceinible from Figures 5~9 and 5-10, (Variations can occur due
to such variables as curaiive, cure time and/or tempeiature, or infrinsic cohesive/
adhesive strengths.,) )
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FIGURE 5-2

FLAMMABILITY TESTER: SPECIMEN INSERTION

FIGURE 5-3

. FLAMMABILITY TESTER: TEST IN PROGRESS
(Red Specimen: F-001) .
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FIGURE 5-4

FLAMMABILITY SPECIMEN MOLD: REMOVABLE CAVITY SEGMENTS

FIGURE 5-5

FLAMMABILITY SPECIMEN MCOLD: UNASSEMBLED
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FLAMMABILITY SPECIMEN MOLD: CURED F-024 IN PLACE

Figure 5-9

FIGURE 5-8

Figure 5-10
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Two units of the mold were fabricated. Several "dry” runs were carried out with
the aforementioned formulation F-001, All operations, including cire, were
initially performed at room temperature. No mold difficulties were encountered,
(These specimens were those also used for check~out of the Flammability Tester
since it is essentially the same formulation used as the initiator for several flam-
mability tests, including the "piggy-back" test, Appendix A, para. 3.4.1.2).

Subsequent mold usage indicated that it fully met all design expectations except

in one regard. Delamination of the tape from the siainiess sieel spacers eventually
occurred in the specimen area. A careful examination of molded specimens
revealed a concave coniour on each side of the specimens. Apparently there is
sufficient air pressure developed in the delamination area to withstand the potting
material’s thermal expansion (hote: not o closed mold)., The more recent specimens
evidence very little difference in this contour, suggesting that a relatively constant
deformation now exists. Even if if is assumed that configuration and dimensions can
affect a specific flammability test, comparative evaluations can still be made with
these specimens as long as the contours remain constant. On the other hand, the
delamination permits a compound to creep under the tape. Attempis to completely
remove it would probably cause serious damage fo the tape and require its immediate
replacement. Leaving the compound in could conceivably cause inhibition of other
compounds, For example, residue of an amine cured fluorecarbon elastomer could
inhibit the cure of such addition reaction systems as the Sylgard (Dow Corning)
silicone RTV's, However, we did not see the necessity of making any mold changes.
It should be noted that two options were available to correct the problem: (1) the
steel could be periodically retaped, or (2) it can be coated with a baked Teflon

- finish, The former being simplest and cheapest, was utilized, It also did not cause
a noticeable mold "down time." On the other hand, this solution is obviously only
a temporary expedient; delaminafion eventually occurring. This, in turn, again
caused variations in specimen confours until this new delamination also stabilized.
Although we were concemed with this problem, it should be reiterated that the
overal] performance of the mold was excellent, ;

Complete disassembly, clean-up, reassembly of the mold, as well as wire insertion,
proved to be quite ropid, generally 1520 minutes. A mold having a completely
uncured mess was recycled in less than 30 minutes. Since 4 specimens were pro~
duced in each cycle, the average specimen time was certainly reasonable.

The relative difficulty in part removal was usually indicative of degree of cure

since this is a function of cohesion and tack. It was noted that a well cured
formulation demolded either completely clean or resulted in some minor particle
pick-off by the mold., The latter results from low cohesion or from a non-homogeneous
mass {(i.e. filler deposited on the mold surface).

5-10



5.3 STRIP MOLD

It was deemed advisable to fabricate a thin specimen of each fermulation in order
to obtain a better qualitative "feel" for handling characteristics, flexibility,
memory, crack initiation and propagation, tear strength, ete.. To thisend, a
number of very simple and inexpensive sirip molds were fabricated from aluminum
sheei, pressure sensitive Teflon tape, and spring~loaded paper clips. The resultant
specimens were approximately 3-1/4 in. x 3/4 in.'x 0,065 in, v



SECTION 6

NONFLAMMABLE FORMULATIONS DEVELOPMENT: PRELIMINARY SCREENING

6.1 FLUOROCARBON POLYMERS

Extensive NASA experience (Ref, 6-1) has shown the greater inirinsic effectiveness
of this class of polymers fo resist burning in a "high" oxygen environment than most
other polymers having an.organic backbone. In addition, they are either already
commercially available, or con readily be made so. Two classes of these polymers
were considered within this program: a) vinylidene fluoride/perfluoropropene
copolymers, and b) di-hydroxy terminated vinylidene fluoride/perfluoropropene
copolymers. (Fluorosilicone RTV's are arbitrarily separately classed herein purely
for convenience of data presentation,)

6.1.1 .Vinylidene Fluoride/Perfluoropropene Copolymer
These are essentially the Vitons (S~1: See Table 6-1) and Fluorels (5-2), For

example, the eight commercially available Vitons vary in molecular weight and,
hence, viscosity (see Table 6~2),

TABLE 6-2

VISCOSITY OF VITONS (Ref, S-1)

Viscosity

Grade (Mooney at 212°F)
LM . 2,000 cps (212°F)
C-10 10 (ML-10)
A-35 35 (ML-10)
B~-50 50 (ML-10)
A 67 (ML-4})
D-80 80 (ML-10)
B 117 (ML-4)
A-HV 180 (ML-4)

There are also variations in the ratio of vinylidene fluoride to perfluoropropene.
Since a solventless sysfem is desired, the one with lowest viscosity was the mosy
attractive. Unfortunately, it is also the least reactive, A further complication

is provided by the thermal process limitation of 150°F (due to the possible presence
of thermally sensitive electronic components).,
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TABLE 6-1
MATERIAL SOURCES

§:_ Source
1. E. I. duPont de Nemours
2. 3M Co.
3. Merck & Co., Inc
4, U. S. Borax Research Comp.
5. Stauffer Chemical Co.
6. Shell Chemical Co.
7. General Electric Co.
8. Union Carbide Corp.
9. McKesson Chemical
10. Mathason, Coleman and Beli
11, Philadelphia Quartz
12, Dow Corning
13. Furane Plastics, Inc.
4, Swift & Co.
15. Mobile Chemical Co.
16. Hooker Chemical
i7. U. S. Borox
18. M & T Chemicals, Inc.
19. Buckman Labs.
20, Harshaw Chemical
2T, Corning Glass
22, Zonolite Div., W. R, Grace &Co.
23. Harrison & Crosfleld
24,  Standard Industrial Minerals
25. FMC Corp.,
26. Continental Oil Co.
27, Chemical Div., Pitisburgh Plate Glass Co.
28, Michigan Chemical
29. Alfa Products, Ventron Corp.
30. K & K Labs., Inc
31. El Monte Chemical Co.
32, Arrowhead Puritas
33. Microbeads Div., Cataphote Corp.
- 34, Anderson Development Co.
35. Mallinckrodi Chemical Works
36. Fisher Scientific Co.
37. General Chemicals Div,, Allied Chemical & Dye Corp.
38. Braun Chemical
39. Humphrey Chemical Corp.
40, Monsanto Co.
41, F. D, Davis & Co.
42, " Marco Div., W. R. Grace & Co.
43. Diamond Shamrock Chemical Co.
44, Norac Co.
45, Chemetron Noury Corp.
46, Velsicol Chemical Corp.
47. Erickson Research Chemicals
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Although temperatures in excess of 150°F are not permitted by the Work Statement
for component processing environments, pre-blending offormulatiori ingredients
could be carried out above 150°F. In fact, pre-contractual efforts indicated the
feasibilify of reducing injeciion and/or extrusion viscosity of such thermoset com-
pounds (hence, increasing processing rate) via a "hot gun" fechnique, This would
be contractuclly permissible as fong as the exudate did not contact the components
at a temperature in excess of 150°F, Pre-catalyzed, one package systems could
then be prepared. Package stability for a minimum of 6 months could.probably be.
achieved, if necessary, by sub-normal temperature storage.

A qudlitative estimate of the handling (i.e. viscosity) characteristics of such
polymers was therefore obtuined af various temperatures in order to establish initial
polymer selection, (See Table 6-3). The Viton LM and the 1-2344 were clearly
usable af these temperatures; both could be poured, as well as pre~blended and
injected at 200°F or below.

Although the L~2344 had the lower viscosity of the fwo, its cure is significantly
different from that of the conventional fluoropolymer due to its unusual reactive
hydroxyl terminal groups. Emphasis was initially applied to the Vifon LM and the
L~2344 was dealt with at a later date. However, as noted above, the low temper-
ature processing characteristics of the Viton LM results from its comparatively low
molecular weighs; its classification as a wax rather than an elasfomer may be more
appropriate. Cured Viton C-10 would be expected to have infrinsically better

- mechanical properties than LM, as evidenced by ifs higher molecular weight than
LM. Although C-~10 was not found pourable below 250°F, it could be blended or
injected af 200°F, Carrying fthis concept one step further, it was riof deemed
unrealistic fo consider pre-blending a stronger, but high temperature processable
fluoroelastomer {e.g. Viton A-35) at temperatures above 250°F, and inject below
200°F, These higher molecular weight fypes would also be expected to be more
reactive than LM, :

6.1.1.1 Unfilled Formulations -~ Considerable formulation and testing by H. F.
Kline of NASA-MSC (Ref. 6-2) verified that Viton LM is comparatively unreactive.
Their compounds blended even as high at 200°F, or cured at 150°F for seven days,

" or even up to 400°F resuited in unsatisfactory cures, It should be noted that MSC
found that it was possible fo achieve a non-flammable mixiure with several of these
incompletely cured formulations. Hence, initial Furane formulations also included
some modifications of Mr. Kline's systems; such modification being based upon
in-house technology.,

it is well estoblished in the literature that an acid acceptor is necessary for achiev-
ing an effective state of cure, regardless of catalytic system used. Typically,
magnesium oxide is used for this purpose. Some of the MSC formulations contfained
Maglite Y (5-3), a commercial grade of magnesium oxide., Seme contained zinc
oxide, another, but less used acid acceptor. Maglite Y is perfecily suitable for
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THERMAL PROCESSING OF FLUCROELASTOMERS & FLUORORESINS

TABLE 6-3

Feasibility to @ °F (1)
Grade S Pour Blend (2) Inject (3)

197 249 300 350 400 197 249 300 350 4004 197 249 300 350 400
Viton LM 1 X X b4 X O O O , X X @] O O
1~2344 14 X X X X O O O X X 0] O O
Viton C-10 1 X X X X X X X X X X
KF-2142 14 x!'x x x x X
KF-2146 14 X ? X X X X
Viton A-35 1 ? X X X x X
Viton B-~50 1 X X X X X
KF-800 14 2 | 70X
KF-2143 14 0
Viton D-80 1
KF -2 140 14
KF-3700 14
(1) t2°F,
(2) By hand
(3} By air gun
S.....Source (See Table 6~1)

P S OK to use

O..... Not tested




"normal” Viton formulations which require mill rolling for blending of ingredients,
storage life for catalyzed but uncured stock, and are cured above 150°F and post~
cured above 400°F. A higher reactivity MgO was considered essential to the low
temperature cure conditions prescribed by this program. Table 6~4 shows that
Maglite D (S-3), being 2-3 fimes as reactive as Maglite Y, should accelerate HF
elimination. )

TABLE 6-4 |

. ACID ACCEPTORS REACTIVITY
{(Magnesium Oxide, Commercial Grade)

- MAGLITE MgO Density Reactivity - Cost
(5-3) (%) (gm/em3) - (lodine No.) ($/1b./500 Ib.)
K 94.5 3.5 25, max., .295-
L 93.0 3.45 25-30 365
Y 94.0 3.5 35-55 .305
M 8%9.0 3.3 75, min. .35
D .90.0 3.32 100, min. .285

Ancther approach was to use calcium oxide instead of, and in conjunction with,

magnesium oxide. Water, which results from the HF scavenging action of the acid
" acceptor, remains in the fluoroelastomer, especially if thick sections are involved
{e.g. potied connectors), and if low cure/post cure temperature are required.
Presence of this water fends to reverse the preferred reaction direction, hence,
preventing a beiter cure. The importance of water removal or deactivation has
been clearly demonsfrated (Ref. 6-3). [t has been found (Ref. 6-4) that calcium
oxide provides the following three advantages over magnesium oxide in Viton
formulations:

a) Less shrinkage during cure,
b} Absence of voids in thick sections, and
c} Higher state of cure,

The above advantages can be attributed to the fact that the calcium oxide not only
reacts with the HF, but it also readily forms a thermally stable hydrate, It is then
not necessary for the water fo be eliminafed in order to remove it from the reaction
sites. Since it remains, the fofal mass stays relafively unchanged, minimizing
shrinkage (and voids at higher femperatures; Vblowing” action of the water also can
occur). (if used alone, this dual service of calcium oxide suggests the need for
higher quantities than would be indicated by its HF reaction alone.)

The inactivation of water and simultaneous incorporation of boron was also attempted
by using trimethoxyboroxine (methyl metaborate). The reaction with six moles of
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water releases three moles of mei‘hyl alcohol which boils at 65.65°C (148.4°F}),

just below the cure temperature "limit.” The remaining boric acid somewhat ties
up 4.5 moles of water of the six original ones. It was easily dispersed, having

a viscosity of 15-100 eps at room temperature for the commercial grade {S-5) ond

a viscosity of 19,0-19.3 cps for the research grade (5-4). 1t was considered herein
as a reactive diluent, -

The possibility of increasing the rate of dehydrofluorination of the fluoroelasiomer
by increasing the quantity of acid acceptor was also examined in the desire fo com-
pensate for the fower cure temperature and greater quantity of hon-fluoroelastomer
additives which were present, Since many such additives are also hydrated or
water producers {e.g. most borate, .boric acid, some silicates, etc.), additional
calcium oxide, or an equivalent, was called for to reduce any inhibition of HF
elimination,

The selection of type and quantity of fiuoroelastomer catalyst is another area which
was evaluated, For example, the aforementioned work by NASA-MSC was essen-
tially based upon a cure system designed fo allow Viton LM to be used in o flame
resistant sealant formulation recommended by duPont (Appendix G). It involves
the use of 5 phr Epon Curing Agent H-1 (5-6) and 1 phr tefrcethylene pentamine.
It would appear that the H-1 is to provide storage life, while the pentdmine is fo
accelerate the reaction when it does proceed.

The appropriateness of such a catalytic system for the program was analyzed with
respect fo three factors:

a) Cure rate,
'b) Degree of cure, and
¢) Fuel source,

The H-1 is designated by its mcnuﬁ}cturer as being a "reactive Ketimine" (Ref. 6-—5)
They define this type of ketimine as one "...having a high free amine content...".
Their other two ketimines, H-2 and H-3, are reported as being "essentially pure"
ketimines, Although the manufacturer does not stipulate which amines and kefones
were used fo form these compounds, this information can be deduced with considerable
reliability from availeble data, |t is reported (Ref, 6-6) that H-2 is a ketimine

of ethylene diamine and methyl isobuiyl ketone.

CHs CHy
CII=N-CH2—CH9_-N=CI
Gy Ly
CH3-(1:H—CH3 GH3-—CiH—CH3_
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The manufacturer states that the available weights of polyamine (i.e. amount of
reactive polyamine released when the curing agent is completely reacted with -
water) are 39 and 27% respectively, for H-1 and H-2 (Ref. 6-5).. A value of
26,8% is calculated for the above presumed structure. This would represent one
mole of the amine per two moles of the ketone. [f an additional mole of the amine
is included to ", . having a high amine content,..”, the value is 38%, This would
indicate that the H-1 is a 1:1 mole ratio of ethylene diamine and MIBK. 1t is then
seen that the catalytic sysiem contains an immediately available, moderately reactive
polyamine with fwo primary, and three secondary amines, a highly reactive poly-
amine with fwo primary amines but which are only available at a rate determined by
the availability or release of water from the other constituents {e.g. absorbed water,
water from the HF plus MgQO reaction, ete.), and a highly flammable ketone.- If,
as discussed chove, it is granted that "loose” water will slow the fluorcelastomer
crosslinking, the formulation ingredients should be pre-dried. Therefore, the only
source of "loose" water will be from the HF reaction, Since this is dependent upon
the moderately reactive pentamine, it is evident that the cure rate at 150°F, or
less, will not be as rapid as it would be if a comparable amount of the ethylene
diamine were used alone. Of course, a significant increase in the pentamine can
also increase the cure rate by purely statistical reasoning, For example, duPont
reported fo this Project that the above sealant formulation only has a three minute
ot [ife" at 150°F when catalyzed by three phr of the pentamine alone, This
represents six moles of primary amine (see Table 6-5) while five phr of H-1 plus

one phr of the pentamine is equivalent to (5) (.39) (2)+ (1) (2) = 5.9 moles of
primary amine. It appear’s that the rate may be more dependent upon availability
than upon the differences between the two polyamines.

It should be roted that the existence of the pentamine's secondary amines was
deliberately ignored in comparing the above time dependency of the two amines.

It has been determined (Ref, 6-7) that the rate and final extent of HF elimination

is a function of the type of amine (i.e. Pri.)) Sec. > Tert.). The datfa also suggests
that only the primary amine causes complete crossiinking. In addition, ‘the same
reportf also states that the difunctional agents are faster curing and require lower

cure femperatures. Based upon these cure characteristics, it was considered possible
‘to replace the ketimine with a primary polyamine whose quantity is balenced between
the need for sufficient "pot [ife" and the necessity for a more complete cure.

The "fuel source™ factor, as a function of hydrogen, is amply demonstrated by
calculation of hydrogen present, based upon the data in Reference 6-1, Table 3-1-1.
A simple determination of per cent hydrogen per mole would lead one to the erroneous
conclusion that very little difference exisis in the hydrogen confent of the polyamines
shown in Table 6-5. Even considering the hydrogens to total amines ratio, there would
be very litile basis for selection. However, when only the primary amines are con-
sidered, it is seen that the fetraethylene penfamine (TEPA) represents almost o three-
fold hydrogen penalty as compared to ethylene diamine. In the same manner, it is
found that the H~1 has 9 hydrogens/primary amine, or almost 2.5 times i'he hydrogens
per primary amine as the pure ethylene diamine (EDA),
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TABLE 6-5

POLYAMINES
Hydrogen (2}
Boiling Amines Mol per per
Point (1) { Pressure (1) Present Wegt. Mole per Pri,
Name Formula [°C/760mm) | (mmHg/20°C) | Pri.| Sec.| Tert, {1 (%) | Amine| Amine
Ethylene Diamine HZNCZH4NH2 117 10 2 -- - 6GC, 10 13,3 4.0 4.0
1, 3-Diaminopro- - o
pane HZNC'_:,H&.NHZ 139.7 3 2 - - 74.13 13.5 5.0 5.0
Propylene Di- CI-I3CH(NH2)- ,
amine CHZNHz 120. 9 8 2 - - 74. 13 16.2 6.0 6.0
Diethylene Tri- <H2NC2.H'9:)2.NH 206.9 ! 2 1 -- 1103.17 12.6 4,3 6.5
amine o
Triethylene HZN(GZHéNH)3H 277. 4 <0, 01 2 12 -- 1146, 24 12.3 4,5 9.0
Tetramine ‘
Tetracthylene HZN(CZH4NH)4H 340 (d) <0.01 2 |3 -~ 189,31 | 12.2 4,6 -} 11.5
Pentamine ' '

1. "Chemicals and Plastics Physical Properties--1968', Union Carbide Corp.

2, Calculated,




Specifically, 5 gm. of H-L.is equivalent to (,39)(5) =1.95 gms. EDA, 1 gm. of
TEPA has a primary amine equivalence to EDA of 60.1/189.3 + .317 gm. EDA,
Therefore, an equivalent amount of EDA primary amine for the H=1/TEPA mixture
would be 2,267 phr.

Calculation of the hydrogen present in a basic fluoroelastomer and ifs catalyst
placed this concern over the hydrogen content in more perspective. For example,
a formulation of Fluorel 2140 and several catalytic systems are shown in Table 6-6
with their respective hydrogen conlent,

Several observations con be made from Table 6~6. First, the use of the TEPA and
ketone-containing ketimine results in-a 19,8% increase in hydrogen content when
compared fo the EDA catalyzed system. Secondly, the high level of catalyst
concentrafion in the "sealant" is clearly demonstrated by the comparable weight

of DIAK 1. Normally, this catalyst is ved at a level of 1.0 1o 1.75 phr.in "typical”
fluoroelastomer recipes which are given "typical" cure/post cure cycles (i.e. to
400°F), This led to the conclusion that simply increasing the catalyst concentration
without modifying the other ingredients of the basic sealant formulaiion probably
would not improve the state of cure,

TABLE 6-6

CATALYZED FLUOROELASTOMER
VS. HYDROGEN CONTENT

Formulation

| 2 3
Cmpd. Hydrogen Cmpd. Hydrogen "Cmpd.  Hydrogen
Component  {gm) (%) (gm) (gm) (%) (gm) (gm) (%)  {gm)
F-2140 (5-2) 100 2.0 2.0 100 2.0 2,0 100 2,0 2.0
H-1 © 5 127 0,635
TEPA 1 12.2  0.122
EDA 2,27 13.3 0.302
DIAK T (5-1) : 6,04 10.0 0.604
' 2 @)
Total H (gm) 2.757 2,302 2,604

1. M.W. =160, 16 hydrogens.
2. (160/60.1)= 6,04 gm.

Based upon these considerations, a series of formulations were prepared to optimize
cure of the Viton LM, In addition, those Vifon LM formulations considered as
non-~flammable by MSC were prepared as a basis of comparison and to assess processing
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difficulties, Details of the-processing, and the resultant qualitative mechanical
and physical properties of this series, shown in Table 6<7, have been presented in
the various Progress Reports for this Program. In general, the formulation blending
was carried out by hond at temperatures up to 200°F, They were not degassed, were
cured af 150°F, and were usually given o 150°F postcure {i.e. not in mold), Upon
the addition of acid/water acceptors the viscosity was such as to be barely pourable
at 150°F. When flame retardants were also incorporated, mechanical force (e.g.
spafula) was-needed to distribute the compound, even at ¥50-200°F, Cured
specimen configurations consisted OF the prei iminary Fiqmmqbih’fy type (see Appen-
dix O) and the thin.strips.

Formulation 019 was found fo have the best balance of mechanical properiies.

This formula demolded satisfactorily after 25.5 hours at 150°F, but was slightly
tacky, After 7 additional days at room temperature, the specimens were signifi-
cantly more flexible than other MgO or CaO specimens, did not crack Tn 180°
bend, and were no longer tacky. The clearly superior flexibility of this formula~
fion is seen in Table 6-8 and Figure 6~1.

TABLE 6-8

CRACK RESISTANCE
(180° Bend)

Spec. Acid Acceptor (phr) Cure ot 150°F Results

No. MgO (1) CaO {hrs) (% Cracked)
005A 15 — 15 100
005-1A 15 —— 47 ' 75
019A . 7.5 10.4 25.5 0
008 e 20.8 24 100

008-1A —— 20.8 47 100
(1) Maglite D

It is seen from Table 6~9 thai except for the NASA~MSC suggested formulations
(i.e. flame retardant filled), the flammability resistance of the "cured" polymer
itself is satisfactory in air, buf is unquestionably affected by only 6.2 psia oxygen.
The filled formulations, however, were significantly more resistant to burning.

6.1.1.2 Flame Retarded Formulations - Based upon the above Viton LM polymer
investigations, F-019 was primarily used as the binder for evaluating the flame
retardancy effectiveness of various additives. As in the case of the other "polymer®
systems considered by the Project, it was necessary that the additives incorporated
with the LM complied with such selection criteria as:




L1-9

TABLE 6-7

FLUCROELASTOMERS

Formulations (phr)
Component S| 002 020 003 004 005 005-1 009 006 008 008-1 010 007 019 01i 012
Viton LM 1] 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Zno ?1 5.6 11.1 11.13 30.
Maglite-Y 3 15. ,
Maglite~-D 3 15. 15. 22.5 7.5 15. 15.
MgO ,hvy.USP 3 15. . ’
cao 10 20.8 20.8 31.2 10.4 20.8
TMB (1) 4 lo.
Boric Acid 91 122.3 100 100
SS 65 PWD 1 11.1
Metso Anh.48 |11 11.1
FS—-1265 12 11.1 11.1 -
X001 (é) 13| 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6i7 6.7 6.7 6.7
H-1 6

Source., {see Table.b~)
1, Trimethoxy Boroxine )
2, Tetraethylene Pentamgine (TEPA): H-1/1:5 by weight



TABLE, 6~7{cont'd)

FLUOROELASTOMERS

Formulations (phr)

cl~9

Component S 013 Ol 039 015 02y 027 016 025 017 052 018 053
Viton LM 1 io60. 1o0. 100. 100. 100. 100. 100, 2100. 100, 3100. 100. 100.
Maglite-D 3 15. 15. 15. 15. 15, 15, 15. 15. 15. 15. 15.  15.
TEPA (3) 8 12.95 7.15 5.36

EDA (1) 8 2.27 3.41 .82

DTA (5) 8 ' 3.9 5.85

Hexameth. Dia. (B) 10 4,39 6.59
Hexameth.Tetra.(7) 10 ' 5.30 1C.60
3. Tetraethylene pentamine

4. Ethylene diamine

5. Diethylene triamine

6. Hexamethylene diamine

7. Hexamethylene tetramine



FIGURE 6-1
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TABLE 6-9
FLUOROCARBON ELASTOMER
PRELIMINARY FLAMMABILITY
~TEST CONDITIONS/RESULTS™

Specimen
002B OQOA 0208 0032 O003B 004B1 Q04B2 -“005B (005~1B 009B (006 006
0, Pressure (psia) 6.5 (7) 6.2 (7) 6.2 (7) {(7) (7) 6.2 (7) (7) 6.2
Wire Ignition (1) /B T/B T/B T/B T/B T T/B T/B T/B T/B T/B T/B
R{Wire Failuré (1) T T B T T T T B B T B
Ef{ smoke (2) N N N 'N N N N N 'S N N
S| Burn Time |flame-ocut 0 0 38 0 4 0 2 1 30 3 0 45
{sec.) (3) glowjout 0 0 38 0 4 0 2 1 38 3 ' 0 55
U|Configuration (4) Y N Y Y Y Y Y Y Y jf Y N
L|Residue (%) (5) 100 100 90 100 100 100 - 100 100. 90 100 100 50
TiMelted (6) ¥ Y N N N N N N N N N N
S|Colorx I@xterior white white black white wﬁite brown brown brown black brown brown gray
Interior " " white " " " " " S " i K
Exterior po%dery (6) N N N N N N N N N N N Y
Texture. lcrusty (6) N N Y N N N N N Y N N N
1. T..... Top é?{...Bottom
2. N.o.... None S.....50me . P.....Profuse

7i-9

Zero time:

Amount left in
. ¥es or No

(4)

oY UL s Lo .
« s s e .

«

Ambient pressurs air

start of specimen burning
Generally similar to original specimen: Yes or No

-



TABLE 4-%9(cont.)
FLUOROCARBON ELASTOMER
PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS-

* Specimen

008 008-1B 010B 007 007 01%A 019B 011B 012B 014A 014B 039A 039B

0, Pressure (psia) (7) 6.2 {(7) (7) 6.2 (7) 6.2 {(7) (7) (7) 6.2 {7) 6.2

| Wire Ignition (1) T T/B T/B T/B T/B T/B T/B T T/B T/B T/B T/B

| Wire Failure (1) T B T T T T T T T B ; T

3§ Smoke (2) S N N S N N S F

J| Burn Time [flame-out ¢ 42 1 0 36 4 158 0 0 “2 30 0 105
{(sec.) (3)|glow-out C 145 1 0 107 4 - 176 0 0 2 152 0 110

| Configuration (4) Y ¥ Y Y . N Y N Y N Y N Y 4

r| Residue (%) (5) 100 50 100 100 40 100 30 100 100 100 20 90 89

3| Melted (6) N N N N N N N N ¥ N N N N
Color 1exterior brown white +tan lt.tan gray brown gray' brown brown brown white black wht-gray

interioxr brown gray tan lt.tan dgray brown gray brown brown brown white black black:
v . N N i !
Exteriorpowdery (6) N N N N Y N N N . N ‘N N [y N
Texture ‘crusty (6) N Y N N Y N Y N N N R4 Y ¥ -
(8) - (8) (8) (8) (8) .

1. T..... Top B..... Bottom .

o 2+ N.....None ‘ S.e...S0me P.....Profuse

1, 3. Zero time: start of specimen burning

w4, Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yes or No
7. Ambient pressure



TABLE 6-?({cont.)
FLUOROCARBON ELASTOMER
PRELIMINARY FLAMMABILITY
~TEST CONDITIONS/RESULTS-

Specimen
01l5A 015B 027A-1 0272-2 027B 016A 01l6B 025-A 025-B 017-B 017-C 052
O2 Pressure (psia) {7} (7) {(7) (7) 6.2 {(7) 6.2 {7) 6.2 (7) 6.2 (7)
Wire Ignition (1) T/B T/B T/B T/B T/B T/B T/B T T/B T/B T/B T/B
R|Wire Failure (1) T T T/B T T T T - T B T T
E|Smoke (2) N N N s N S S N
s|Burn Time[flame-out | 0 0 0 4 150 1 50 0 24 0 40 0
| {sec.) (3) |glow-out 0 0 0 4 161 1 86 0 109 0 110 0
U
‘ Configuration (4) N Y 4 N ¥ Y N Y Y Y N Y
LiResidue (%) (5) 100 100 100 90 90 100 70 100 90 100 60 100
T[Melted (6) Y N N Y - N "N N N N N N N
| .
S|Color Iexterior brown brown brown brown white brown black brown black brown white brown
| interior brown black black black black black black brown black black black Black
Exterior)powdery (6) N N N N N N N N N N Y N
Texture | crusty (6) N N N N Y N Y "N Y N X N
(8) (8) (8) (8) (8) . (8)
e Teeon. Top Bevano Bottom
. None S..... Some Poo... Profuse

. Zero time:
Amount left in (4)
Yes or No

Ambient pressure

start of specimen burning
Generally similar to original specimen: Yes or No



Minimum weight.
Minimum volume (i.e. fo minimize effects on functional ploperhes and

. other environmental response characteristics than flammability). -

C.
d.

el

Particle size and distribution.

Vacuum stability.

Thermal stability: non-fugitive or migrating (except if migration
required for flammability reduction - see mechanismd, below) and
remains integral with mairix upon pyrolysis, B

For example, additives were considered of interest fo the Program if they could
provide any of the following mechanisms.

qB

b,
cl
d‘

e.

Produce such quenching gases as water vapor, carbon dioxide, nitrogen,
halogens, and halo-compounds.

Thermally-induce infumescence: bicarbonates.

Increase thermal dlffusw:fy, beryﬂwm oxide, magnesium oxide.

Cause fusible inorganics to migrate: tetraborates.

Create large ’rhermaily induced endotherms (fow temperature activation).

Detailed selection criteria were established for each of these mechanisms. Thus,
the requirements for fhe quenching gas producing additives generally mvolved the

following:

GO

b.

c.
d‘

e.

Non~flammability,

High specific heat to assist in the dissipation of input heat flux
(similar to the "blowing factor" in ablation),

Maximum gas volume per unit original weight,

Non~toxic, -volatile, or -odorous,

Amendble to rapid removal by life support system subsequent to a fire.

These quenching gases could be obtained via such actions as:

d.

b.

Ca

Thermal decomposition of the polymer ifself,
Thermal decomposifion of additives (e, 9. solids having water of
crystallization such as:

1. Asbestos (up to 20% by weight of water).
2. Unexpanded vermiculite,

3. Inorganic hydrated salts.

4. Some borates.

Thermally induced phase changes of additives {e.g. halogenated liquids
and fodine crystals going to their gaseous form),

It was believed that such "quenching” additives could be incorporated info the basic
polymer mairix by: ’ : :



“a. Direct blending:. halogenated liquids, solid microparticles, efc.
b. Molecular sieves (Linde) (represents a weighi-penalty; does not provide
_ flammabil ity resistance, compound binding, reinforcement, etc.).

c. Microencapsulation (NCR or SRI fypes) (hydrated inorganic or fluoro-
polymeric encapsulants were considered preferable in order fo reduce
the weight penalty).

d. Complexing with other components (additives, curatives, efc.) (e.g.
phosphorous based curatives for halogenaied epoxies, water of crystal-
lization complexed with thixotropic inorganics, efc),

The possibility of increased efficiency from synergistic effects was also evaluated.
For example, it is well known that antimony oxide in conjunction with a halogen
provides a greafer flammabilify reduction than an equivalent weight of either used
separately. .

Some fire retardants which provide multiple benefits were also explored in the
Program. For example, a modified barium metaborate (Busan 11-MT: Buckman
Laboratories) also improves the elasiomer’s fungus resistance.

Considerable analysis was given (Ref, 6-8) lo the selection of inorganic borates
and silicates for use herein with Viton LM,

The specific formulations wherein potentially flame retarding additives were blended
- with o base stock of Viton LM, is shown in Teble 6~10. Table 6-11 is a tebulation
of the processing utilized for each of these formulations, based upon the coding
shown in Table 6-12, ’

4

TABLE 6-12

PROCESS CODE

1. Add all ingredients together, except for catalysi(s).
2. Preheat all ingredients, except catalyst(s) to °F,
3. Preheai mold(s) to °F, T

4. Add the catalyst(s).

5. Mixfor min. af °F.

6. Cure in mold hr/min @ °F.

7. Post cure days/hr. @ - °F.

The qualitative mechanical properties of the more interesting of the formulations
are given in Table 6-13. The flammability test results are shown in Table 6~14,

The addition of 100 phr of boric acid resulted in specimens which could now survive
the 6.2 psia oxygen, but were exiremely boardy and briftte. The incorporation of
30 phr of Krytox 143 AC improved the processing by reducing the viscosity slightly.
The latter specimen showed moderate resistance to burning in the 60/40 environment,

6-18
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TABLE 6-10

FLUOROELASTOMERS WITH FLAME RETARDANTS

Formulations {(phr)

Component . _ S 237 238 239 240 243 2uh 265 - 246 247 248 249 253
Viton LM ] 100.

Maglite D (1) 3 7.5

Calcium oxide 101 10.u

F-237-1 13 117.9 117.9 117.9 117.9 117.9 117.9 117.9 117.9 117.9 117.9 117.9
Boric acid (2) 9 100. 100. 100. 100. 100. 1€0. 100. 100. 100.
SS 85 PWD (2,3) 11 15. ' , 15.
METSO ANH.48 (2,4) 11 B 15.

KRYTOX .143 AC (7) 1 ' 30. 3c. a0. ao. 30, 30.  30.
X001 (5) b3 6.7 6.7 6.7 6.7 6.7 10:05 6.7 - 13.4
H-1 . 6

DTA (6) . |8 5.85 5.85 5.85
S......50urce (Sees Table 6-1)

1. Magnesium oxide

2. 100% through 170 mesh

3. Anhydrous sodium silicate (ground glass)

4. .Anhydrous sodium metasilicate

5. Tetraethylene pentamine (TEPA): H-1/1:5 by weight

6. Diethylene triamine

7. Halogenated liguid



TABLE 6-11

FLLUOROELASTOMERS WITH FLAME RETARDANTS

- FTORMULATION PROCESSING -

Formu-~ steps (2)

lation 1 2 3 It 5 6 7

No. F- {min) (°F) (hr/min) (°F) (d/hr) (°I)
237 (1) 200 -~ - 5 200 - - - -
238 x v 200 x " 150 63/50 150 15/1 150
239 X " % X 10 " 211/35 "o - -
240 x omom0x " u 2u/- n - -
o431 - " - X 5 L 95/05 L - -
243-2 ¢ Iy " 2/13 o 2/22 150
241 e 5 n n/15 . n " L
ous X v - X " n 9%/10 " o _
246 X v - X " " 96/05 W -
247 x v - X L . 93/35 " - -
218 x v - x v " 95/30 " - -
249 X v - X " " 93/15 X - _
253 X " 200 X 10

" 24/~ " 1u/- 150

1. Predried MAGLITE D and Ca0 1 hr. @ 200°F
. 2. See Table 6-12. -

28
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FLUOROELASTOMERS WITH FLAME RETARDANTS

TABLE 6-13

CHARACTERISTICS
~-CURED/POST CURED-

1. 180° bend (facé-to-face contact)

‘2. Gummy

Formulation
Properties 238 239 240 243 244 -253%
Cured Y N N N Y N
- Tacky oily N N N N o1ly
Flexible NG p p Y Y
Memory NG P P
Cohesion NG NG NG
Tear Resistance NG Né NG
Crack Resistance (1) NG NG NG
Crack Propagation {1) NG NG NG
. Porous Y Y Y
Adheres to unclean alum. P p P F F
Foil cup
Cheesy S fZJ ° (2) N (2)
Y.oo... Yes L VS..... Very Slight S..... Slight . No.... No
Xooon. Satisfactory F..... Fair P..... Poor NG..... Not Good



TABLE 6-14

FLUOROELASTOMERS WITH FLAME RETARDANTS
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

Amount lefi in (4)
Yes or No

.O-.Cn-bur_om._

Zero time: start of specimen burning '
Generally similar to original specimen: Yes or No

Specimen
238~} 238~{~| 239-1-1 240~ -1 240-1-[ 240-]-1 253-1B8~1 253-1B~]  253-[B-!
9.72 16.5 4.2 6.2 9.72 16.5 6.2 9.72 6.5

O, Pressure (psia) (60%) (60%) : (60%)
Wire Ignition (1) /B /8 T T T T T /8 /8
Wire Failure (1) T B T T T T T T T
Smoke (2) N P N N N N N N - P
Burn Time | flame-out 26 20 0 0 6 [0 2 5 36

(sec.) ()] glow-out 26 33 0 0 6 [0 2 21 36
Configuration (4) Y N Y Y Y Y Y Y N
Residue (%) (5) 95 10 0 399 %99 5 399 90 10
Melted (6) N N N N N Y N N Y
Color} -exterior fan black tan tan tan tan tan tan gray

Eni,erior 13 1 1 1] 11 1} 1" t1 n

‘Exterior | powdery (6) N N N N N N N N ‘N
Texture I crusty- (6) Y Y N ‘N N N N Y Y

A Top B..... Bottom

N....None Sevane Some Pevuns Profuse



When 15 phr of Metso Anhwdrous 48 (i.e. anhydrous sodium metasilicate) was
also added, the specimen withsiood 16.5 psia oxygen with énly minor surface
degradation. But all of these additives further increased the viscosity so that
the formulation, even at 150°F required noticeable foree to pack it into the
molds. Consequently, no further formulation effort was conducted with Viton
LM or even the more reactive Viton C-10,

6.1.1.3 Fluoroelastomer/Silicone RTY Formulations ~ The pf‘:n‘en’ricl utilization of
a low viscosity amine-cured silicorie RTV such as RTV 602 (5-7) as a reactive diluent
for Viton LM was investigated,

Although the RTV 602 is somewhat more flammable than other silicone RTV's under
consideration (Refs. 6-1 and 6-9) for this application, it, and its methyl-phenyl
analog, RTV 603, were formulated (see Table 6-15) with the higher viscosity, but
less flammable Viton LM, The following areas of concern inherent in this approach
were investigated:

a. Co-blending of the fwe polymers,

b. Compatibility with each other and with a mutually acceptable curing
agent,

c. Possibility of a cure at or below 150°F,

d. Pot life and storage life,

e. Cured characteristics.

It was found that processing up fo 350°F was feasible without causing significant
degradation to either polymer (see Tobles 6~3 and 6-16), However, the two did
not appear to be adequately compatible when blended by hand stirring; separation
in the liquid state being noted. (This does nof preclude the possibility of achieving
compatibility by other blending fechniques.) Considerable difficulty was also
encountered in keeping the RTV 602 from gelling too fast, and separating info two
distinct phases from the LM, Processing details are provided in References 6~10
and 6~11. Cured characteristics were tabulated in Reference 6-11,

TABLE 6-16

THERMAL PROCESSING OF RTV 602

Temp. Time Weight Loss (1)}
(°F) (hrs/min} (gm) (%)
150 2/- 0.00 0.00
200 8/- 0.02 0.10
250 4/- 0.02 0.10
300 2/~ 0.04 0.20
350 2/40 ) 0.05 0.25

T 400 3/45 - 0.07 - 0,35

(1) Original sample weight,... 20.15 gm.
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TABLE 6-15

FLUOROCARBON/SILICONE RTV ELASTOMERS

. Formulations (phr)

Component S| 050 051 026 028 030 029 031 032 037 038 040 Oyl
Viton LM 1 100. 100. 100. 100. 100. 100. 100. 100. 100. 100.
RTV 602 7| 100. 100. 100. 100. 100. 100. “12. 20. 20. 20. 20,  20.
Maglite D 3 15. 15, 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Cao 10 10.4  10.4% 10.4 10.%  10.4% 10.4% 10.% 10.u
X001 (1) 13 6.7 6.7 6.7 6.7 6.7 8.7

{
SRC~-05 7 .3 .2 .75 75 .25
H-1 6 6.7 . 2.y
H-2 é 6.7 10.1-: 3.8

lS....:.Source (See Table 6-1)

1. Tetraethylene pentamine (TEPA): H-1/1:5 by weight
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TABLE 6-15¢corit'd))

FLUOROCARBON/SILICONE RTV ELASTOMERS

Formulations {(phr)

Component S| 057 067 069 068 058 063 084 065 066
Viton LM 1] 100. 100. 100. : 100. 100. 100. 100.
RTV. 602 7 20.  40. 100. 40.
RTV 603 7 100.  30. 30.  30. 30.
Maglite D 3| 7.5 7.5 7.5 7.5 7.5 7.5
Ca0 10| 10.u 10.u 10.% 10.% 10.4% 10.Y
Boric acid 9 58.14 58.4
XPI-158 (2) 4 100. 25,
H-1 6 5. 5.7  10.  10.
SRC-05 7 .2 -
X001 (3) 13 6.7

8

TEPA

2. Zinc borate

3. Tetraethylene pentamine (TEPA): H-1/1:5 by weight



TABLE 6-17
FLUOROCARBON/SILICONE ELASTOMERS
PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS-

P9

Specimen
031A 031A 031B 032A 032A 032B 037A 037A 037TB 057-B-1 068 066
0, Pressure (psia) {(7) 6.2 6.2 (7) 6.2 6.2 (7) 6.2 6.2 6.2 6.2 6.2
Wire Ignition (1) T/B T/B T/B T/B T/B T T/B T/B T/B T/B T T/B
Wire Failure (1) T T T B T T T T T T T B
Smoke (2) N N S S S S p
Burn Time | flame-out 31 86 81 16 85 90 3.5 30 100 33 130 25
{sec.) (3} | glow-out 31 86 88 16 85 101 3.5 85 103 93 178 116%
Configuration (4) Y N N Y N N Y N N N Y ! Y
Residue (%) (5) 85 10 10 95 15 10 100 5 . " 10 1 90 130
Melted (6) N N N N N N N N N N ‘N N
' Color, | exterior tan gray gray tan gray gray tan gray  gray' off-white " white wﬂite
interior black gray gray Dblack gray gray black gray .gray off-white black
Exterior | powdery (6) N N N N N N N N N N Y N .
Texture | crusty (6) Y Y Y Y Y Y N Y Y - Y CY y !
I, T..... Top B.....DBottom
2, N.....None Seoen Some TP Profuse
3. Zero time: start of specimen burning
4, Generally similar to original specimen: Yes or No
5. Amount left in {4)
6. Yes or No
7. Ambient pressure air



Although interest in this system was further reduced when it was found that the
presence of either boric acid or zinc borate with the RTV caused an almost immedi- |
ate sharp increase in viscosity to what appeared to be a gelled and/or gummy state,
-the preliminary flammability test was run on both "filled" as well as "unfilled"
specimens. [t is seen from Table 6-17 that none could survive 6.2 psia oxygen.

6.1.2 Di-Hydroxy Terminated Vinylidene Fluoride/Perfluoropropene Copolymers .
This material was of considerable interest due to its lower hydrogen content than
conventional Fluorels and Vitons (1.4% as compared to 2.0%), ifs reactive terminal
groups, its low viscosity . and its availability (see Appendix G).

6.1,2.1 lsocyanate Modified Formulations - Inifial activity with the di~hydroxy
terminated vinylidene fluoride/perfluoropropene polymer L-2344 centered around
its known (see Appendix G) reactivity with isocyanates. The first formulation,
F~137 (see Toble 6-18), was cured via the following procedure:

1. The L-2344 wus pre-heated to 200°F o fucilitate dispensing when
-weighed.

2. The L-2344 and the isocyanate were weighed out together.

3. They were reheated to 200°F for 10 minutes and then blended for 3 minutes
while still being heated ar 200°F,

4., Cure: 12 hours at 150°F,
Post Cure:11 hours 10 minutes af 200°F,

The specimen did not seem to be cured after the initial cure cycle but it was uniformly
brownish transparent (indicating apparent compatibility). [t appeared cured after the
post cure even though if had a very slightly tacky surface. (This gradually disappeared
in air.) Although the resulfant specimen had quite a few bubbles, it seemed to have

“very good tensile strength, good flexibility, elongafion, and adhesion to an aluminum
foil cup (1).

F-137 was modified{F~138) by the addifion of 150 phr boric acid just prior to the
cure cycle, In order to assure adequate blending of the filler into the polymer, it
_was necessary fo reheat the mixiure several times at 200°F for a fotal of 10 minutes.
This time “cure" was obtained in only é hours at 200°F, Thé lack of tackiness after
this cure schedule was probably due to the presence of the filler. The cured speci-
mers (F-138-1B) were somewhat cheesy and did not evidence any of the good
mechanical properties of F~137,

The excellent flammability results with F-138 are seen in Table 6-19; only slight

surface degradation noted in vicinity of wire junciures with the compound, with

(1} Used in the "as received” condition (possible mold lubricant present).
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TABLE 6-18

FLUOROCARBON/ISOCYANATE ELASTOMERS

Formulations (phr)

Component. S 137- 138 397 398 409 L1i b2
L-23u4 (1) . 21 100. 100. 100. 100. 100. 100
F-137 13 ' 100.

‘TDI (2) e 5.22 2 5.22 5.22 5.22 5.22 5.22
Boric acid (3) 9 150. . "
Calcium oxide 10 5.

CaS0y, Anh. - 5.
Catalyst T-9 (1) e 0.5

DTD (5) 7 0.4 O.L 0.4
S:.....Source (See Table 6-1)

1. Dihydroxy terminated fluoropolymer

2. Tolylene dilsocyanate

3. ,100% through 170 mesh

4. . Stannous octoate

5. Dibutyl tin dilaurate



69

TABLE 6-18 (cont'd)

FLUOROCARBON/ISOCYANATE ELASTOMERS

Formulations (phr)

Component S a0 124 125 128 318 319 320 321
L-2344 (1) 2 100. 100. 100. 100. 100. 100. 100. 100.
DI (2) -~ 26.42 A47.62 87.87 129.8

VIRCOL 82 (8) . 15 50. 100. 100.

BROMINEX 126 (7) 14 100. 100.

9113 (8) 14 ' 21.3 . N

9117 (8) 14 ' 16.3 16.3 16.3
DABCO™ (9) -— 1.0

TEA *(10) - 1.0
8. Phosphorous-containing polyol

7. Bromine-containing polyol

8. Isocyanate/bromine~-containing prepolymer

9. Triethylene diamine

0. Triethylamine
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HYDROXYL-TERMINATED FLUOROCARBON WITH INORGANIC FLAME RETARDANT

TABLE 6-12

PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS -

PRI T AR

Specimen
138-1B-1 138-1B-2 138-1B-1 138-18-1
: 6.2 ) 5.72 675
O9 Pressure (psia) (60%)
Wire Ignition (1) 1/8 /8 1/8 /8
Wire Failure (1) T T /8 : T
Smoke (2) N N N N
Burn time |flame-out 5 7 6 5
(sec.) (3) | glow~out 5 7 6 ’ 5
Configuration (4) Y Y Y Y
{Residue (%) (5) 100 | 100 100 100
Melted (6) N . N N N
Color | exterior tan fan tan tan
' l interior " . y !
Exterior | powdery (6) N N N N
crusty {(6) N N N N
7)
o Teaus.Top B.....Bottom
. N....None Seeves Some Pivens Profuse

Amount left in (4}
Yes or MNo

. Zero time: stait. of specimen burning
Generally similar fo original specimen: Yes or No

60% Oo/40% Np = 16.2 psia




all specimens, even in 16.5 psia oxygen. Additional experimental effort was
conducted to reduce the very high ol 200°F and the unworkable at feom tempera=
ture viscosity by using less flame restardant and/or dilution with low viscosity
reactives. Further attempis were made to reduce the cure temperature to no more
than 150°F. These efforts included formulations with various accelerators {e.g.
stannous ocloate). '

Processing steps of the other formulations tabulated in Table 6-18 are delineated in
Table 6-20, in accordance with the coding of Table 6-12,

The use of different accelerators did speed up the cure to different extents, but all
seemed to cause a rapid increase in viscosity and an early gelation, thereby pre-~
venting evolution of volatile byproducts (i.e. CO2 and water}. Calcium oxide and
anhydrous calcium sulfate were added to reduce the presence of water. This was
done to minimize the production of COy from the reaction of tolylene diisocyanate
(TDI) with the water. Upon completion of this series, rapid gelation/porosity
remained the one primary difficulty. :

The addition of potentially reactive diluents to the TDI catalyzed L-2344 was next ‘
examined, These formulations are also described in Tobhles 6~18 and 6-20. The
results were as follows:

F~140: Not cured

F-124: Partially cured.

F-125: Briftle.

F-128: Partially cured {brittle in areas, soft end uncured in other areas).
F-318: Not cured.

F-319: © "

F-320. ©

F-321: " "

6,1.2.2 Silane Modified Formulations - Both reactive and non-reactive diluents
were considered for the L~2344, This section concerns itse!f solely with the possible
.utilization of such silanes as shown in Table 6-21. The following section reviews the
Project's activities with other diluents,
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TABLE 6-20

FLUOROCARBON/ISOCYANATE ELASTOMERS
- TORMULATION PROCESSING -

Formu~ ) . . Steps- (3)
lation i 2 3 4 5 6 7
No. F- {min) (°F) (hr/min) (°F) (d/hr) (°F)
397 - - - X 5 203 13/- 150 X/~ 150
- 1 t
" 1
5/22 "
398 X - . - X n " 12/- T 172 K
403 X 194 - X 3 %4 1/- 74 L/~ "
5722 "
411 (v " - x n n 12/- 150 n "
b1z 1y " - X " 75 "' | n 1 "
140 X 200 ~- X 5 " 68d " - -
124 X " - X 8 T4 moo T om - -
125 X o - X 5 76 L L - -
128 (2) - X L n g L - -
318 - " - . X L 68 4d/17hp " - -
319 - " - X L " 4d/16hy M - -
320 - " - X mo, nd/3hy L - -
321 - L - X " w wa 0 - -
1. Blended all but DID.
2. Preheat L-23u4l4 & V-82. Add B-126 when blend at ambient.
3. See Table 6-12, - :
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TABLE 6-21

SILANES (Refs. 6-14)

Vendor's B.P. Hydrogen
No. 760mm Mol Atoms
(5-8) Name Structure ' ~ (°F) Wi, (%)
A-151 Vinytiriethoxysilane CHop=CH Si .(OET)3 322.. 190.3 2.46
A-164 Dimei‘hyidie’rh;)xysilane (CHg)y Si (OET) 236. 148.3 10.8
A-187 gamma-Glycidoxypropyl- ~ CHoCH CHyO(CHj)g Si(OCH3),
trimethoxysilane \o/
554. | 236. 8.47

A-188.  Vinyltriacetoxysilane CH2=CH Si(OOCCH3z)g 446. 232. 5.18
A-1100  gamma-Aminopropyl- NH5(CHy)g Si (OET)q

" triethoxysilane 422, 221.3 10.4

Since the relative reactivity of the L-2344's hydroxy] groups were not sufficiently
known, several possible reaction directions with the silanes were examined., A-157
- was selected for its vinyl and ethoxy functions. A-1100 was of interest because of
its amine and ethoxy functions. A limited test (F-222) (see Tables 6-22 and é-23)
with the A-151 showed no indication of activity., On the other harid, the A~1100
(F~290) oppeared partially "cured.” Increased quantities of A-1100 were then used,
The results were: ‘

F-290: Not cured.

F-291: Portially cured.

-F-292: Almost cured and slightly stiff.
F-293: - Cured and brittle,

F-294: Cured and briftle,

F-294 was selected as o base binder to determine the comparative flammability of this
type system in conjunction with boric acid, since further formulation effort would be
required to improve the mechanical properties. F-294 was chosen in preference to
F-293 in order to assure a complete (i.e. non-marginal) "cure" and assess a conserva-
tively formulated system with respect to flammability resistance. As seen in Table 6-24,
the comparative hydrogen content of F-294 is still low.
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TABLE 6-22

FLUOROCARBON/SILANE COPOLYMERS

Formulations {(phr)

Component ‘ S 222 290 291 292 293 294 285 3686 368 369
L-234% (1) 2 igo. 100. 100. 100. 100. 100. 160. ; 1l00. 100,
A~151 (2) 8 3.81

A~1100 (3) 8 5. 10, 25, 50. 80. 80. 221.3

A-164 (4) 8 1u8.3

H,0 , - 36.

F-366-1 13 55.25 110.5
Boric acid (5) 9 150.

S......50urce (See Table 6-1) ‘

1. Dihydroxy terminated fluoropolymer

2. Vinyl triethoxy silane

3. Gamma-Aminopropyl triethoxy silane

4. Dimethyldiethoxy silane

5. 100% ‘through 170 mesh
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TABLE 6-2% (conf'd}

FLUOROCARBON/ SILANE COPOLYMERS

Formulations (phr)

Component S 370 37% 372 373 374 43l b33,
L-23u4l (1) 2 ~100. 100. 100. ' 100. 100. 100.
A-1100 (3) 8 | 221.3

A-164 (4) 8 | 1u83.

A-188 (8) 8 5. 10 25, 50

A-~187 (7) 8 25, 25.
HZO == 396.

TDI (8) - 5.22
5. Vinyl triacetoxy silane

7. Gamma-Glycidoxypropyltrimethoxy silane

8. Tolylene diisocyanate



TABLE 6-23

FLUOROCARBON/SILANE RTV POLYMERS

- FORMULATION PROCESSING -

Formu- L . Steps. (3)

lation i 2 3 i 5 6 7

No. F- ‘ (min) (°F) (hr/min) (°F) (d/hr)  (°F)
222 - - - X 5 200 ou /-~ 150 - -
290 - - - X t "o 20/03 L - -
291 - - - X " " 19/40 0" T - -
292 - - - X " " 1/39 " 17hr/50m 150
293 - - - X L " 1/29 " - -
294 - - - X m o 1/21 i - -
285 (1) - - - 15 74 4735 i - -
366 (2) - - - 5 76 20/~ 75-80 -/3 185
368 - - - - <1 184 . 19/- 150 - -
369 - - - - 1 158 18/~ t - -
370 (2) - - - 5 78 20/- 185 120 73
371 - - - X <1 185 18/- 150 - -
372 - - - X <1 167-185 18/- " - -
373 - . X {1 " " " - -
374 - - - X <1 oo 1 . -
431 - - - X 5 150 8/~ 150 1/~ 150
433 X - - % 3 72 . 7/30 v 1/- "

1. Blend A-1100 & boric acid @ R.T. Preheat L-2344 @ 200°F.
Add blend to L-234L. .

2. Blended Silanes then added water.

3. See Table 6-12.
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TABLE 6-24
HYDROGEN CONTENT

Hydrogen Atoms

Polymer | - (%) Ref.
1.-2344 1.4 App. G
Viton LM 2.0 .G
Fluorosilicone RTV 4.5 6-15
F-294 5.8 cale,
Dimethyl silicone RTV . 8.1 6.16

The resultant specimens (F~285) with boric acid were very boardy and brittle. How-
ever, negligible thermal destruction resulted when tested up to, and including, 16.5
psia oxygen (see Table 6-25). It should be noted that within 10 minutes after adding
the boric acid, the viscosity significantly increased. .

Since the A-1100/1.-2344 system gave indications of excessive crosslinking rather

than increased linear chains, it wos assumed that this was due to not only reactions

af the amine, but also af the ethoxy sites: A partial cohydrolysis was attempted

with A~164 and water (F-366). No exotherm was noticed when the A-164 and A-1100
were blended af room temperature. A slight exotherm was defected after the addition

- of the water, After heating this blend at 185°F, considerable small bubbles were seen
for 30-45 minutes after removal from the heat. If the cohydrolysis was successful,
these volatiles were ethyl alcohol, The resultant liquid was formulated with the L-2344.
The resultant products were still brittle and hard (F-368 and F-369), Excessive A-164
was then réacted with A~1100. This approach (F-370} was abandoned when a white
residue appeared.

A direct reaction of A-188 was then carried out with the L-2344, Immediate gelation
resutted in each case (F~371, -372, -373, and -374). The products were very gummy,
tacky, soft, and had very poor cohesion. '

“Similarly, o reaction between A-187 and L-2344 was soughi. The percent hydrogen
in F~431 was caluclated to be only 2.81%. No cure resulfed. When TDI was added
to this system, the product was soft, tacky, gummy, and had very poor cohesion,

6.1.2.3 Diluents -~ Krytox 143 AC, a perfluoroalkylpolyether "oil," was added
(F~212) to L-2344 (see Tables 6~26 and 6-27). The materials were blended at approx-
imately 200°F. Although the room temperature viscosity was only moderately high,
some of the K-143 AC appeared to separate out. In addition, there was a distinct
"oily" feel to the material,

Hexafluoroisopropanol {(HFIP) (S-1) was evaluated as a potential reactive diluent
since it only has 1.19% hydrogen present, has a viscosity of 1,021 cs at 77°F
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TABLE 6-25

FLUOROCARBON/SILANE POLYMERS

PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS ~

Specimen
2851~} 285~1~] 285-1-| 285-1-2
6.2 9.72 16,5 16.5
O, Pressure {psia) (60%) :
R | Wire Ignition {|) T/B ~1/B /B T/B
E | Wire Failure (1) B T T/B T
Smoke (2) N N N N
E S | Burn Time |flame-out 5 12 1 Q
<o (sec.) (3)|glow-out 5 12 H 9
U | Configuration (4) Y Y Y Y
L | Residue (%) (5) >99 99 95 98
T | Melted (6) N N N N
. | Colory .exterior cream / cream / white/ cream/
S J interior black black black {black
-Exterior ‘,powdery (6) N N N N
Texture | crusty (6) Y Y Y Y
bo Tawoo Top B.....Bottom
2. N....None Seeve s Some Pevans Profuse

3. Zero time: start.of specimen burning
"4, Generally similar to original specimen: Yes or No

5. Amount left in (4)
6. Yes or No
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TABLE 6-26

FLUOROCARBON POLYMER WITH DILUENTS

Formulations (phr)

- 1. Dihydroxy terminated fluorcpolymer

2. Perfluorcalkylpolyether fluid

3. Hexafluoroisopropanol ‘

4L, Gamma-Amincpropyltriethoxy silane
5 Vinyl triethoxy silane

Component s| 212 357 359 358 360 361 362 363 364
L-234Y4 (1) 2! 100. 165. 16k, 100. 100. 100.
KRYTOX 143 AC (2) 1 50.

HEIP (3) 1 1.00. 100. 330.

A-1100 (4) 8 132, - 132.

‘A-151 (5) 8 113.

F-357-1 13 232,

F-358-1 13 213.

F-361-1,2 . 13 18.5 g2,5 185,
S.. . .Source (See Table 6-1)
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TABLE 6-26 (conf'd)

FLUOROCARBON POLYMER WITH DILUENTS

Formulations (phn)

Component S 365 367 403 houL Lge 407 408 nos Lio
L=-2344 (1) 2 100. 100.

HFIP (3) 1 200. 188. 168, 168. 50,

A-1100 () .| 8 132.

F-365-1 13 £2.9

F-405-1 13 150.
TDI (6) . - 87. ‘ 87. 31.12
PAPT (7) . ~— 130. 130.

Catalyst T-9 (8) - 4. 4. b, . by,

DTD (9) 7 ' 1.2
6. Tolylene diisocyanate

7. Polymethylene polyphenylisocyanate

8. Stannous octcate

9. Dibutyl tin dilaurate



TABLE 6-27

FLUOROCARBON POLYMER WITH DILUENTS
- FORMULATION PROCESSING -

Formu- : . Steps (2)

lation 1 2 3 oy ‘5 6 7

No. F- ' (min) (°F) (hr/min) (°F) (d/hr) (°F)
212 - - - - 5 200 4/30 150 - -
357 - - - - 2 77 - - - -
359 - - - - 5 71 12/~ 150 = - -
358 - - - - 2 77 . - - -
360 - 70 ~/8 150 - -
361 - " (See text) o

362 - - - - 5 150 u5/- 150 - -
363 - - - - n n 0 n - -
36l - - - n v o1yl om - -
365 : _‘ | (See text)

367 - - - - 5 150 20/- 150 - -
103 (v - - - 1 77 /- 77 1/- 77
4oy (1) - - - 0 n " " y Y
406 - . " 71 - - - -
407 - - - - " n g, P -
s S ) " ] a ] ]
05 .- .o 5 76 B/~ 76 - -
110 - = - - " 72 1/- 73 %/- 150

1. Added T-8 4 hrs. after blending HFIP & TDI.
2. See Table 6-12, :
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(Ref. 6-12), "...exhibits strong hydrogen bondmg and will associate and dissoive
most molecuies wn'h receptive sites, such as oxygen, double bonds, or-amine
groups." (Ref, 6- 13) it also forms “stable and distiliable complexes. ..with muny
ethers and amines..." (Ref. 6-12). It was considered of use herein as either a) o
partial inactivator of A-1100 (see Section 6.1.2.2, this report), or as b) a chrec:iL
coreacting diluent with L-2344.

A strong exothermic reaction was evidenced when A-1100 was blended with HFIP
(F-357) at room temperature; none was defected between A-151 and HFIP (F-358).
Both were dried with anhydrous calcium sulfate and then added to L-2344. The one
(F~359) compounded with A-1100 was similar to F~294 (see Table 6-22) when cured,
and had a faint A~1100 odor. No reaction was noticed with the A~151 blend.

Another series was formulated in which the A-1100 and considerable excess (3 X)

HFIP were refluxed togather (F-361) at 221°F, The formulations prepared with this

blend and L-2344 showed no significant improvement in mechanical properfies over

the previous group, and had considerably more voids, A third series, containing

less HFIP (2 X), also showed no improvement, except thai the voids were signifi-
cantly quite smaller,

If HFIP were used as a diluent for L-2344, it was essential that side reactions be
kept to a minimum, F-403 and -404 were prepared to evaluate this problem.
Complete miscibility was found between the HFIP and the TDI and PAPI, However,
when stannous octoate was added, high exotherms resulied in {ess than one minute.
A hard, white, porous solid was obtained in approximately 45 minutes at room
temperature with F-403, A hard, dark brown solid was found in F-404 after
approximately 45 minutes at room temperature. F-403 did not melt at 185°F,
whereas F-404 did. The stannous octoate was separately blended with the HFIP
(F-406), TD! (F-407), and PAP! {(F-408) to ascertain the specific coreactants, As
expected, no change occurred with the HFIP, but TDI resulted in a hard, britile,
very porous, fan, opaque mass which had poor adhesion to the fest tube waH .

PAP! gave a hard, brittle, glassy ¢lear dark brown mass which had excellent adhe-
sion to the test tube.

Bused upon these results, L-2344 was gently refluxed with HFIP (F-405). After 6
. hours at room temperature, TDI1 and dibutyl tin dilaurate were blended info the
solution (F-410), A hard, porous, and somewhat brittle mass was obtained,

6.1.2.4 Silicone RTY Modified Formulations ~ Mechanical blends of silicone
and fluorosilicone RTV's were made with the L-2344 for the purpose of reducing
the latter's viscosity (see Tables 6-28 and 6-29). In some cases, the only catalyst
used was the one for the silicone (and fluoresilicone) to determine if @ copolymer
could be developed instead of having merely a mechanical mixture, Other
formulations also contained reactants for the L-2344, Regardless of the fype of
RTV used, the blends showed evidence of not being irue. copolymers. For example,
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TABLE 6-28

FLUOROCARBON/SILICONE RTV POLYMERS

Formulations {(phr)

Component .S 021 022 023 217 160 220 221 271 295 287 322 323
L-2344 (1) 21 100. 100. 100. 106. 100. 100. 1060, 100. 100. 100,
96-004 (2) 12 . 100. ,100. 100.

SYLGARD 182 (2) 2

RTV 655A (2) 7 100.

RTV 11 (2) 7 100.

RTV 511 (2) 7 100.

77-024 (3) 12

RTV BL5A (2) 7 100.

RTV 602 (2) 7 100.
F-220-~1 - 13 100.3 '

F-322-1 13 200.5
Boric acid (4) ? 150. 150. 150. 300.
96~004 Catalyst 12 10. .12, 12. 1o0.

8-182 Catalyst 12

RTV 655B 7 10.

DTD (5) 7 o, 0.3

77-024 Catalyst 12

RTV 615B 7 10.

SRC-05 7 0.5
Catalyst T-9 (6> - 0.6 )

A-1100 (7). 8 5. 5.

..... .Source (See Table 6-1)
Dihydroxy terminated fluoropolymer

» Fluorosilicone RTV

S
1.
2, 8Silicone RTV
3
4

100% through 170 mesh

5. Dibutyl tin dilaurate

6. Stannocus octoate

7. Gamma-aminopropyltriethoxysilane



TABLE 6-29

FLUOROCARBON/SILICONE RTV POLYMERS
- FORMULATION PROCESSING -

Formu~ . . . Steps {I)

lation 1 2 3 1 5 5 7
No. F- (min) (°F) (hr/min) (°F) (d/hr) (°F)
021 - S ¢ 5 200 21d/12hr 150 - -
022 - - - X n " Cw _ -
023 X 200 - X L 78 4/ ) - -
219 x " -~ X 5 76 38/55 " - -
217 X L - X 5 75 40/16 " - -
160 x " -~ X 5 78 21d/hr L - -
220 - - - X 5 76 . - _ _
291 X 200 - - 3 75 38/24 150 - -
218 > S - X 8 75 5734 i - ~
971 X v - X 5 76 /- L - -
295 X . ~ X 10 82 23/#0 ' " - -
297 X v - X 5 85 25d L - -
322 X o - X 3 71 1id/22hp " - -
323 X " - - 15 n 1 n - -

1. See Table 6-12.



the very low viscosity of 96-004 seemed to have ifs iron oxide filler filtered out
by the high viscosity L-2344 so that a thin water white layer surrounded its
specimen. This was not apparent with the higher viscosity RTV's but their corres-
ponding "polymers” had poorer mechanical properties (see Table 6-30).

Flammability tests were run with F-271, =295, and =297, All contained boric acid
and were blends of L-2344 with catalyzed addition reaction dimethyl silicone RTV's,
The two containing the low moledular weight RTV, 96004, clearly had superior
flammability resistance to the RTV 615 system. In fact, only negligible damage
oceurred to the 96~004 specimen even in the 16.5 psia oxygen. F-297 showed
significant pyrolysis degradation in 9.72 psia oxygen/6.48 psta nitrogen (i.e. 60/40
16.2 psia mixture) (see Teble 6-31),

The high boric acid loading in F-232 made it imposéib]e to prepare flammability
specimens.

6.1.2.5 Tolylene Diisocyanate/Silicone RTV Modified Formulations - Since it
apparenily was nof feasible to utilize L-2344 just as an additive to a silicone RTV

" system and still maintain the useable mechanical sirength of the RTV, a series of

formulations (see Table 6-32) were prepared (see Table 6~33) which contained

catalysts for both the L-2344 and the RTV. [t was felt that the resultant mechanical

mixture would have beiter mechanical properties (see Table 6~34) than the formula- -

tions in the preceding section, 6.1.2.4,

The fow molecular weight dimethyl silicone RTV 96~004 and L-2344 did not blend
well (i.e. separation) (F~278) and the cohesive strength of the "cured" specimen
was extremely poor when boric acid was added (F-280). However, there was
negligible pyrolysis damage at 60/40 (see Table 6-35). The unfilled blend of the
fluorosilicone RTV 77-033 and L-2344 (F-284) was quite porous, had fair mechani-
" cal properties, but was completely decomposed in 6.2 psia oxygen, even when a
200°F post cure was applied. A group of formulations (F-417, -423, and -425)
were prepared with Dechlorane 604, Sylgard 182, and L-2344, Varying the ratios
of these ingredients, while still staying within a satisfactory viscosity range, resulted
in flammability specimens which could not toke 6.2 psia oxygen. Substituting,
weightwise, boric acid for one of these created a formulation (F-426) which had an
. almost unworkable viscosity. [n fact, the viscosity rapidly rose while placing the
catalyzed compound(s) in the mold, The cured material was also quite porous, had
poor cohesion, but did not show damage unfil exposed fo 16.5 psia oxygen. An
aftempt was made to surface treat the boric acid (F~377) in order to reduce its
apparent coreaction with L-2344, A formulation (F-427) with the treated material
showed similar very high viscosity to that found in F-426 but had less porosity, The
" flammability test specimens were badly degraded at 16.5 psia oxygen and showed some
degradation at 60/40. A Dechlorane 604 filled blend of 77-033 and L-2344 had
fair mechanical properties, showed slight degradation in 60/40, but was completely
decomposed in 16,5 psia oxygen,
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TABLE 6-30

FLUOROCARBON/SILICONE RTV POLYMERS
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 219 217 160 220 221 218 271 295 297 322
Cured Y v ? Y Y Y Y N Y S,
Tacky S S Y N Y -8 N S N Y
Flexible Y Y Y Y Y Y F F F Y
Memoxry X X .F X P X P P F Y
Cohesion- X F P F 2 * ﬁG NG P P
Tear Resistance X F P E P P NG NG P f
Crack Resistance (1) . - - - - - NG NG F X
Crack Propagation [li - - - - - - NG NG F X
Porous ' N N S N Y Y N Y Y 2
Adheres to unclean alum. F F N P F - - - X P
Foil cup
Cheesy', N N N N N N N N N (2)
Yooo.. Yes VS..... Very Slight S..... Slight N..... No
Xooon. Satisfactory F..... Fair P.o.... Poor NG..... Not Good

1. 180° bend (face-to-face contact)

2. Slightly gummy



TABLE 6-31
FLUOROCARBON/SILICONE RTV POLYMERS
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
271-1-1 2711~ 271-1-1 295-1-1 2951~} 295-1-1 297~ -1 297-1-1
6.2 9.72 16,5 6.2 9.72 16.5 6.2 9.72
Q» Pressure (psia) " (60%) . (60%) ' (60%)
Wire Ignition (1) T B /B T/B T s T /B
Wire Fatlure (1) T B T T T T T . B
Smoke (2) N N N N N N N p
Burn Time | flame-out 2 ~4 20 ~ 10 2 8 2 65
{sec.) (3)] glow~out 2 6 20 16 2 17 2 65
Configuration (4) Y Y. Y Y Y Y Y N
Residue (%) (5) >99 > 99 799 95 299 95 >99 50
Melted (6) , N N ‘N N N N N ~ N
Colort exterior red (7). A7) 7 red red/wht beige - gray
l interior " —- —— -— " e " " black
1 Exterior powdery (6) N N N Y N N N Y
Texture| crusty () N Y Y Y N Y N Y
R Top . Bivuwo Bottom

I
2. N....None Seeens Some Poo.. Profuse
- 3. Zero time: start of specimen burning ’

4, Generally similar to original specimen: Yes or No

5. Amount left in (4)

6. Yesor No

7. Red/white/black.
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TABLE

6-32

FLUOROCARBON (TDI CATALYZED)/SILICONE RTV POLYMERS

Formulations (phr)

USF, granular

Componant S 278 280 284 299 n17 L23 u2b 426 377 u27 hou
L—-23un (1) - 2 100. 100. 1060, 160. 100. 100, 100, 100. 100.
86-004 (2) 121 100. ‘

77-033 (3) 12 100. 100.
RTV B15A (2) 7 100.

SYLGARD 182 (2) 12 100. 50. na. 50. 50 .
¥F-278-1 13 320.

F-377-1 ’ 13 150.

Boric acid (4) .1 2] 120, 150.

Boric acid (5) 17 150.

Boric acid (B) b4 100.

DECBLOERANE 604 16 250, 150. 150, 150.
96-004 .Catalyst 12 12.

77~033 Catalyst 12 i0. 10.
RTV 615B 7 10. .

$-182 Catalyst 12 10. 5. 4, 5, : 5.

TDI (7) - 6. 5.22 5. 5.22 5.22 5.22 5.22 5.22 5.22
Catalyst T-9 (8) - 1.2 -

A-151 {9) 8 1.5
- A-164 (10) 8 1.5

Sevenns Source (See Table 6-1)

1. Dihydroxy terminated Ffluoropolymer 6. 100-170 mesh

2. Silicone RTV 7. Tolylene diiscotyanate .

3. Fluorosilicone RTV 8. Stannous octoate )

b 100% through 170 mesh 9. Vinyl triethoxy silane

5 10. Dimethyldiethoxy silane
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TABLE 6~32(cont'd)

FLUOROCARBON (TDI CATALYZED)/SILICONE RTV POLYMERS

Formulations (phr)

Component S| .13 4iu 4l uls  M19 420 421 422 428 429 430 415
L-2344 (1). 2 100. 100. 100.

96-004 (2) 12 100,

SYLGARD 182 (2) 12 100. 50. 100. 100.

SYLGARD 186 (2) 12 100. 100. 100.
F-413-1 - |3 10.2 10.2: 5.2 10.2 10.2 10.2

DECHLORANE 604 16 150. 150.

96-004 Catalyst 12 10.

S$-182 Catalyst 12 10. , 10.
$-186 Catalyst 12 10, 10. 10.

TDI (7) -- 5.22 5.22 5.22 5.22 ‘
DTD (11) ’ 7 0.2 ~0.2
DTDA (12) 18 0.1

bio MET TBTO (13) 18 0.1

TYZOR TPT (1h) 1 0.1.

11. Dibutyl tin dilaurate

12. Dibutyl tin diacetaté

13. Bis (Tri-n-butyltin) oxide

14, Crganic titanate



FLUOROCARBON (TDI-CATALYZED)/SILICONE RTV POLYMERS

TABLE

6-33

- FORMULATION PROCESSING -

1. Preheat L-234L4, Add silicone.
2. Add solid additives at R.T.

3. See Teble 6-12,

6~50

Formu- . Steps (3)
lation 1 2 3 I 5 6 7
No. FP- (min) (°F) (hr/min) (°F) (d/hr) (°F)
278 X 200 - - 20 200 - = - -
280 - - - X 10 80 186/32 150 9/13 150
28u4B (1) 200 - X 6 86 17/40 e 3/23 L
284C (1) " X " n A " . '3/23 200
299 X 200 - X 5 84 244/ 2hr " - -
4174 {(1,2) 150 - X i5 83 12/30 " - \ -
43178 (1,2) ™ - X oo n 1" n 1/6 150
423A (L,2) °© X 3 82 18/30 i -, ~-
423C (1,2) © X 3 82 18/30 " L/10 . 150
425 (1,2) u - X 5 75 23/30 n - -
426 (1,2) " - X "7 ul/- L - -
377 X - - - 60 73 - - = -
n27 (1,2) 150 - X 5 78 uo/- 150 - -
L2ua (1,2 " - X 5 82 17/45 n - -
T H22ue (1,2 ¢ X- " AL R : u n/12 150
313 X - - 1 83 - . - - -
uln (1,2) - - X 15 2/20 150 ~/15 150
416 (1,2) -~ -~ X 3 8y 74 -+ M - -
518 (1,2) -~ - X 8 83 m n - -
13 - - - X% 1 " 6/45 M 24 /2 200
n20 - - - ¥ 1 1 ] 1 n n
1421 X - - - 579 - - - -
422 - - g 175 9/~ 150 - -
B28A X - X 5  80. 23/30  RT -
4288 X - X 5 80 1 150 - -
4294 X - - X 3 e 22/- RT - =
4298 X - - X " n t 150 - -
3 30A X - - X i n 1 RT - -
4308 X - - X 1 " 1" 150 - -
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TABLE 6-34

FLUOROCARBON (TDI CATALYZED)/SILICONE RTV POLYMERS
CHARACTERISTICS

-CURED/POST CURED-

Formulation (3)

1. 180° bend (face-to-face contact)

" 2. On open surface.

3. Letter designation in formulation number refers to cure/post cure cycle (<ee Table 6-33).

#roperties 284B 284C 299 417A 417B  423A 423C 425 426 427 424A  424C
" Cured P Y ? Y Y P Y F Y Y F Y
Tacky y S N S VS S(2) S(2) S S § S X
Flexible X X X X X X X X X, . F X X
Memory )% X X F F X F E F F X X
Cohesion 5 X P P P p F P P P P P
Tear Resistance F X P P P P F P P P P p
Crack Resistance (1) X X " F X X X X X P P X X
Crack Propagation (1) X X F X X X X X P P X k
Porous ' Y Y Y N N Y e Y Y Y S g
Adheres to unclean alum. - - ‘e - - - - - F F - X
Foil cup

‘Cheesy - N N N N N N N N S S N N
You... Yes VS..... Very Slight S..... Slight =~ N..... No

Xoooo. Satisfactory Fo.... Fair P..... Poor NG..... Not Good



TABLE 6-35
FLUOROCARBON (TDI CATALYZED)/SILICONE RTV POLYMERS
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

Specimen
280-i-1 280-[-2 280-1-1 284-1B-| 284-IC-l 299-1-} 299-1-1 4I7-1A-l 4i7-1B-l 423-{-A 423-IC-|
6.2 6.2 9.72 6.2 6.2 6.2 .72 6.2 6.2 9.72 2.72
O5 Pressure (psia) (60%) (60%) ' (60%}) (60%)
Wire Ignition (1) /8 T/8 T /8 . /B T /B T/B T/8. 1/8 T/8
Wire Faifure (1) T T T B T T: B B B B B
Smoke (2) N N N N N N p pom " op p p
Burn Time |flame-out 0 0 12 4] 40 3 72 55 5 57 50
(sec.) (3)} glow~out 0 0 12 52 52 3 72 55 51 57 50
Configuration (4) Y Y % Y N Y - Y oy Y N
Residue (%) (5) 0 S T 0 100 75 75 " 50 25 10
Melted (6) N N N N N N o N N N -~ N
Color{- exierior red red (7) - gray gray brown _—— black blk/wht  white white
ini_erior u 1 L [lI H] [ N ———em Whii.e il 1] N il
" Exterior| powdery (6) | N N N vl Y N - Y N Y Y
Texture | crusty (6) N N Y Y Y N — Y Y N N
e TevansTop T Bottom
N....None Seaees Some ' P.....Profuse

|
2
3. Zero time: start of specimen burning

+ 4, Generally similar to original specimen: Yes or No
5. Amount left in (4)

6. Yes or No

7. Red/white/black.
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FLUOROCARBON (TD! CATALYZED)/SILICONE RTY POLYMERS

‘TABLE 6-35 (cond't)

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS =

Specimen
425-1-1  425-1-2  426-1-1  426-1-2  426-1-1  427-1-1  Ag7-l-l  d27-l-l  427-i=2
6.2 6.2 6.2 Q.72 6.5 6.2 9.72 16.5 16.5
Q9 Pressure (psia) (60%) (60%)
Wire Ignition (1) /8 /B T/B /B I/B T/B T/8 /B T/B
Wire Failure (1) T T T T T . T T B T
Smoke (2) S S N N S N N oo P P
Burn time | flame-out 73 90 0 4 37 2 18 59 78
(sec.) (3)| glow-out 105 142 0 4 37 2 IS _ 59 78
Configuration (4) —— N Y Y Y Y Y Y Y’
Residue (%) (5) e 0 100 100 85 100 98’ 50 50
Melted (8) - N N N N N N N N
Color{ exterior ——— — blk/wht tan . white tan whi/blk  whi/blk  whi/blk
interior — —— tan " black " fan " .
‘Exterior | powdery (6) ——— Y N N "N N N N ) N
Texture | crusty(6) _— N Y N Y N Y Y Y




TABLE 6-35 (coni'd)

FLUOROCARBON (TD} CATALYZED)/SILICONE RTV POLYMERS
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimén
424-1A-1 424-{A~1 424-B-] A24-1C~] 41 4-1- 414-1-2
6.2 .72 6.5 16.5 6.2 6.2
O Pressure (psia) 160%)
R | Wire lgnifion (I) B /B /B /B /B T/B
E | Wire Failure (1) B B T T —-— T
Smoke (2) N N S S —— .o S
g S | Burn Time | flame-out 7 7 45 30 5 59
B (sec.) (3)| glow-out 7 7 75 59 5 79
U | Configuration (4) Y Y Y Y Y N
L | Residue (%) (5) 95 95 5 5 95 0
T | Melted (6) —_— N N N Y N
| Colory exterior black black white blk/wht  black e
S Interior fan . fan " " red -—
-Exterior | powdery (6) N N N | Y N Y
Texture | crusty (6} N N Y Y Y Y




Some of the above cocatalyzed formulations evidenced some phase separation in
the cured specimens, [t was assumed that the RTV was gelling much ‘faster than
the L~2344, An attempt was made to speed up the latter process by adding dibutyl
tin dilaurate to the system. A master batch of DTD with 96-004 catalyst was pre~
pared (F-413). A similar one with Sylgard 182 catalyst was also made (F-415).
Dechlorane 604 filled formulations were made (F-414, -416, and -418). None
were cured, F-413 was then used with Sylgard 182 aione. No cure occurred
with F-419 (degassed) or F~420 (not degassed). The effect upon RTV 96-004 cure
was also checked (F-422), Again, no cure resulted. The basic systems were then
rechecked (Sylgard-182: -F-042~2 and RTV 96-004: F-044-2). Both readily cured.
The compatibility of tolylene diisocyanate with these addition reaction silicone
RTV catalysts was then evaluated (F-421), - They appeared fo be non-miscible but
non-reacting with each other. 1t was clear that the DTD was "poisoning" these
RTV catalysts, (F-413 became a very weak gel/liquid mixrure when rechecked

6 months later, In the same time, F-415 turned into a cheesy gel, and F-421,
kept in a desiccator containing Drierite, remained mostly as o two-phase liquid
which had some gel in the TDI layer and some crystals in the 182 catdlyst layer.)

Compatibility of other potential TDI "slow™ accelerators with Sylgard 186 was
then determined,

F-428 (dibutyl tin diacetate): Incomplete cure (cheesy gel state, oily feel).

F-429 (bio-Met TBTO): No cure. -

F-430 (Tyzor TPT): Cured somewhat slower than usual, 150°F cured (22 hours)
specimens had better mechanical strength than room
temperature cured (~3 months recheck) one.

6.2 SILICONE RTV POLYMERS

Although unfilled silicone RTV's have approximately 8.1% hydrogen by weight as
compared fo approximately 2,0% for conventional fluoroelastomer polymers (see
Table 6-24}, lower viscosities, significanily easier processing characteristics,
excellent electrical properiies, and respectable thermal stability of the former
‘clearly necessitated their consideration in this program. None by themselves
appear to meet the 60% oxygen/40% nitrogen, 16,5 psia, flammability require-

- ments for this program {Ref, 6-1), let alone the 16.5 psia pure oxygen environment.
However, it was felt that the addition of suitable flame retardants might allow them
to do so. Since a maximum cure temperature of 150°F is a program parameter, only
silicone room and low temperature vulcanizing (RTV's and LTV's} cure systems were
permissible. The two principal sources of such materials were Dow Corning and
General Electric. Stauffer Chemical recently entered this field, but their product
line did not appear fo offer anything different than that provided by the other fwo
companies. We therefore arbitrarily confined our analyses to Dow + Corning and
General Eleciric products. In addition fo those materials which are very similar
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in both lines, each did offer certain unique grades which were of interest herein.
The following very brief description of the applicable (and then available) cure
systems and their respective perfinent grades is presented in order to establish the
basis of our selections for initial study (see Table 6-36).

A, Condensation Reaction

ALl

One Part: Since these are moisture curing, they were only of
minimal interest as the basis for a conformal coating. Although
both G.E. and Dow- Corning have these moisture cured systems,
the various selections from these were limited to one vendor. This
was done to minimize duplication. Pow Corning was

sefected since it has a broader variety of such cure systems (e.g.
G.E. apparenily does not have the methoxy cured type),

A.l.a Acetoxy Type - Acetic acid is the byproduct. Potential
corrosion of substrates minimized inferest in this group.
There was some indication (Ref, 6~17) that 77-000 was
being used by a.major cerospace firm as the besis of a
flame retardant system. 96-042 is supposedly rela’red to
77-000, and is more readily available.

A.1.b Methoxy Type - The reaction product-is methyl alcohol.
Hence, this system is non-corrosive, 3140, a typical
compound of interest, has a viscosity of 350 peise which
was low enough to permit some fire retardant loading.

A.T.c ROH Type - Althotgh similar fo the methoxy system, the
' members of this group produce low molecular weight
aleohols other than methy! alcohol.

Two Part: The silanol condensation reaction is usually initiated
by such metallic soaps as stannous octoate, dibutyl tin dilaurate,
and lead actoate, The lafter is seldom used because of foxicity
problems. The tin octoate is the fastest and generally resulfs in |
fairly good reversion resistance. The dibutyl tin is the most
commonly used catalyst for this system, The data reported in
References 6-1 and 6-9 seem to infer that the methyl-phenyl,
Me-@, silicone RTV's have a lower flame propagation rate than
the dimethyl, M=2)s, ones. Since the methyl-phenyl types are
commercially most available as metallic soap cured systems, we
primarily selected two of them, RTV's 511 and 560, for further
consideration (see Table 6-37).
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TABLE 6~36"

SILICONE RTV'S (& LTV'S) OF INTEREST

1. See Table 6-12.

2. Listed by reaction by-producis.

3. See Table 6-38,

4, Similar to Sylgard 186, but white.
5

Vacuum grade of Sylgard 184,

6-57

_ Reaction System Silicone
Condensation (2) Addition . Type
1 Part 2 Parts T _
HoO 1 2
5 | Acetic _ . or  Part Parts .
Grade (1) | Acid MeOH ROH ROH - (3) | (Me) Me~@
96-042 12 X X
77-000 12 X X
3140 12 X X
92-007 - 12 X X
92-009 12 X X
11 7 X X
511 7 X
560 7 X
577 7 X
96-004 12 X | X
SYLGARD 12 X X
93-072 (4) 12 X | X
93-50C (5) 12 X X
§]5 7 X X
616 7 X | x
655 7 X
96-052 . 12 X X
602 7 X X
603 7 X



TABLE 6-37

TWO PART CONDENSATION SILICONE RTV's (1)

Properties RTV 511 RTV 560 RTV 602 RTV 603
Viscosity, uncat, (Poise) 200 400 8-15 10-30
Solids, initial (%) . 98 98 100 100
Solids, cured (%) - — 100 ) 100

Pot life (hrs ) . ‘46 . 3-5 2-3 (2) 2-3 (2)
Tack free time (hrs ) 6-10 5-8 ——— —
Cure cycle (hrs/°F) 16-24/77  16-24/77 5/150 (2) 5/150 (2)
Specific gravity 1.20 1.42 0.995 0.99
Hardness (Shore A) 45 60 15 i5
Tensile strength (psi) 350 800 —— ——
Elongation (%) 180 160 — ———
Tear resistance, die B (tb/in) 15 45 i5 . ——

(1) General Electric
(2) SRC-05 catalyst (G.E,): 0.25 phr.

Another two part condensation recction system, RTV 602 (G.E.) is
quite unique. It utilizes an amine catalyst for cure, Although it is
somewhat more flammable (Refs. é6~1 and 6-9) than the other RTV's
which were under consideration for this program, it provided an
equally unique opporfunity to reduce the viscosity of an amine

cured fluoroelastomer (e.g. Viton and Fluorel) {see Section 6.1.1.3,
this report})., The vendor was subsequently able fo supply a methyl-
phenyl version, RTV 603, S :

B. Addition Reaction

B.1

B.2

One Part: RTV 815 (G,E.) is typical of this type. It is basically
identical to RTV 615 (G,E.), a two part addition system, excepl

that an inhibitor has been added to the polymer fo prevent premature
actfivation of the already included catalyst. The inhibitor is thermally
removed at a.minimum temperature of 212°F, 62°F above the limita~
tion imposed by the Program's Work Statement. Therefore these
compounds were not included in the present program.

Two Part: These are essentially vinyl silicone polymers which can
be polymerized by such catalysts as chloroplatinic acid, Perfinent
ones are shown in Table 6-38. Except as otherwise indicated, all

of those tabulated have the following characteristics:

1. They can be deep section cured.
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659

ADDITION REACTION (1) RTV's & LTV's

TABLE 6-38

S AR S

Grade

Properties 96-004  S-182 (2) S-184(3) S-186(4) S-188 (5) 615 616 655 96-052
Viscosity-base (Poise) 15 58 40-65 1000 105 35 40 50 200

-base + cat. (Poise) 5 41 <40 500 100
Transparent N Y Y Y Y Y N Y N
Color red water water water water It.straw  bl. water white
Moisture sens.-uncured Y Y Y Y Y Y
Pot life (hrs./°F) 2/RT &/77 3/77 >2/RT &/77 4/77 4/77 4/77 5/77
Cure, min. temp. (hrs./°F) 24/77 7D/77 7D/77  7D/77  7D/77 ° D/77

. 4/150  4/150 4/150 4150 4/150 4150 <~ 4150 4150  4/150
Reversion resistant Y Y Y Y Y Y
Tensile strength (psi) 200 800 600 650 300 850 800 850 255
Elongation (%) 140 100 100 420 200 150 100 150 280
Hardness (Shore A} 28 35 30 32 17 35 45 35 35
Tear sirength {Ib/in) 15 15 100
Specific gravity 1.29 1.05 1.08 1.12 1.05 1,02 1.22 1,07 1.18
Y Y Y Y Y ‘

Self-extinguishing (in air)

. See Table 6-36

. 5-183 is black version of $~182;
5~185 is black version of 5~184;
$-187 is black version of 5-186; catalyzed viscosity is 500 poise
§~189 is black version of 5~188; :

catalyzed viscosity is 50 poise
catalyzed viscosity is 50 poise



2, They beave a cure inhibition problem. Ccmfc:c‘r with such
materials (or even their vapors) as:

a) Amines and amine-cured elastomers and plastics, and
certain other nitrogen compounds used to cure elastomers
and plastics (Refs. 6~18, -19, =20, and =21 ),

b) Tin compounds (Ref. 6- 18)

¢)  Sulfur and sulfur compounds {and their residues) such as
are used in organic rubbers {e.g. butyl and chlorinated

. rubbers) (Refs, 6-18, -19, =20, -21, and -22),

d) Acid materials (and their residues) used in some silicone

RTV rubbers (Refs, 6-18, -19, ~20, -21, and -22).

can inhibit cure at the surface, or possibly the entire structure

of the compound. This can conceivably create compatibility
problems ranging from contacted components and substrates, o
tooling and facilities (i.e. cure ovens). Careful selection and
cleanliness of contacting materials, equipment, and facilities
was therefore maintained during the formulation and cure phases,
and could probably be provided in production, or even in the
field, with only minimal inconveniences, Where an incompatible
material or component could not be avoided, coating it with a
barrier or primer fo act as an interface will suffice.

3. None of the ingredients (i.e. pre-polymer or cctalysf) are
considered toxic in the uncured state.

It is seen from Table 6-38 that this reaction system'is available in a
wide range of viscosities and silicone types, The very low viscosity
of 96-003 suggested an excellent opportuniiy for high loadings, even
though its mechanical strength is intrinsically low. Similarly cured,
the standard Sylgard (Dow Corning) series, the RTV 630 (G.E.) series,
. and the 615 and 616 grades of G.E. were also deemed excellent
starting points for further loading. The 616 has shown the best flame
resistance as compared to the other G.E. compounds mentioned, when
tested with the chimney/bunsen burner facility (Ref. 6-9). In the
same test, 655, the methyl-phenyl compound, was significantly more
flammable than 616 but less so than 615, the unfilled version of 616,
It should also be noted thai 655 is not reported-in Reference 6-1.

6.2.1 Addition Reaction Systems

6.2.1.1 Unfilled Formulations = Initial formulations with the addition reaction

systems were without modification in order to establish a base line of respective
characteristics, including flammability. Toble 6~32 tabulates the commercial
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TABLE 6-39

ADDITION REACTION SILICONE RIV'S

Formulations (phr)

S.ev....80urce (See Table 6-1)

Component S oLy 04?2 043 054 055  0uS ous ou7 117 118
96-~-00u 12§ 100.

SYLGARD 182 12 100.

SYLGARD 184 12 100.

SYLGARD 1886 12 100.

SYLGARD 188 12 100.

RTV B15A 7 100,

RTV 616A 7 100.

RTV 655A 7 100.

EC-1663B 2 100.
96-052 12 100.
94-004 Catalyst 12 10. :

S~182 Catalyst 12 10.

S-184% Catalyst 12 10.

5-186 Catalyst 12 10.

85~188 Catalyst 12 " 10.

RTV 615B 7 10,

RTV 616B 7 - 10. _

RTV 655B 7 10.

EC-1663A" 2 10.
*,86-052 Catalyst- 12 10.



addition reaction silicone RTV compounds being evaluated. In general, processing
{sze Table 8 of Reference 6~10 and Sections 11.B.1 and [1.B.3 of Reference 6-11)
was carried out in accordance with the manufacturer's recommendations. All the
compounds and their respective catalysts were blended by hand at room temperature
and degassed at room temperafure. Except for F-117 and -118, the cure cycles
were expedited by preheating the molds to 150°F, The molds for F-117 and -118
were not preheated. Primary interest in "base-line” compounds was for evaluation
of flammability resistance; mechanical and physical properties considerations were
of secondary interest. From F-117 on, all of the silicone RTV addition reaction
types were cured in non~preheated molds since the preheating of the others were
only carried out to expedite mold turn-around time during initial Program stcges.
All were cured/post cured at 150°F for at least a total of four hours, except F-045

(due to premature removal from oven); it received 3 hours 20 minutes exposure at
150°F,

The catalyzed systems, in order of increasing viscosity, were: F-044 {-042, -043,
~045, ~046, -047 £ ~055 < ~118< ~117<L -054. The ones listed above, from F-042
to =047 are grouped together since they had approximately the some viscosity. It
was noticed that F-044 and -043 seemed to start gelling within a few minutes after
being put in the hot mold.

At this point, it should be noted that some extra attention was given io F-117
since it (EC~1663B/A: 3M) had been utilized for Lunar Module potting require-
ments (Ref. 6-23}. A standard preliminary flammability molding was attempted
with this matericl. [ was catalyzed per the manufacturer's instructions (i.e. 10
parts of EC-1663A fo 100 parts EC-1663B. The vendor deesn't mention an elevated
temperafure cure in ifs literature except post cure starfing ot 450°F, However, it
was decided to cure this system af 150°F since the other RTV's had also been so
cured, to expedite.mold recycling. After 31 hours 34 minutes at 150°F, the
specimens were still not cured throughout. An 11 hour 10 minute post cure at
200°F did not greaily improve the degree of cure. Ambient temperature air
storage for over 60 days resulted in an almost non-tacky state for the original
exposed surfaces,

A qualitative evaluation of some of the pertinent characteristics of the formulations,
. particularly with respect to mechanical and physical properties, is shown in Tables
8 and 9 of Reference 6-10, and Sections 11.B.1 and 11.B.3 of Reference 6-11, All
except F-055 demolded satisfactorily. Although appearing essentially cured after
an additional 2.5 hours af 150°F, this formulation was still quite tacky even after
this post cure, F-045, -046, and -047. were slightly tacky afier the cure but were
not after the post cure. It would seem that the F~055 surface somehow became
inhibited, whereas the others didn't, or is basically more sansitive to inhibition
factors than the others of this group. Although cure inhibition problems with these
compounds were known, no special precautions were undertaken other than carefully
cleaning the fooling previously used with amines with methy! ethyl ketone. For
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example, the same ovens wrre used without o high femperature: bake-out. Except
in the isolated case of the initial vacuum volatility evaluation of F~387-8 (see
Section 7.2, this report), inhibition from such sources has not been of any conse-
quence.

Other than the ahove specific situations, no problems ensued durmg the processing
phase for any of the formulations discussed in this section,

The results of the preliminary flammability tests of these compounds are shown in
Toble 6~40 and are discussed in greater.detail in Reférences 6-10 and 6-11. Afl
specimens, except F~045 and -047, remained unchanged when tested in ambient
pressure air, These two evidenced a slightly burnt condition on one end of each
of the specimens.

None of the 6.2 psia oxygen tested specimens survived. Of the unfilled systems,
the methyl-phenyl one seemed to have better char strength than the dimethyl
varieties. The filled specimens, which didn't contain what appeared to be carbon
black, had better char strength than either unfilled or carben black filled ones.
It is believed that the filled ones contain the following:

F~044: Iron oxide and silica {or TiO5)
F-054: Silica
F-046: Carbon black and silica (or TiO9)

The flammability specimens' rasidue of F~117 appears exactly Iike F-049B (6.2)

with respect fo both color (inside and outside) and texture. |t is apparent that this
material is not significonily, or even marginally, better than the other_iron oxide
filled silicone RTV's in mechanical strength or flame resistance. Also, its viscosity
doesn't permit much more loading, and its cure time and conditions are less satis-
factory than others evaluated. There was no further activity with this system,

6.2.1.2 Inorganic Flame Refardants ~ In order to add flame retardants to the base
resin, it was obviously essential that the resin have the minimum initial viscosity.

It was seen from the experimental results with the addition systems that only F-044,
-042, -043, ~045, ~046, -047, and, possibly, -055 had sufficiently low enough
viscosities fo be considered as the flame retardant carrier(s). Of these, F-045,
-046, and -047 were somewhat better with respect to mechanical properties.

Since F-044 is a carbon black filled version of F-045, it was also deleted, F-047
was selected for the carrier in the initial study of flame reterdants because it is a
methyl-phenyl silicone RTV, whereas F-045 is'a dimethyl fype. Although the total
hydrogen (and carbon) content is greater with the former, it was expecied fo provide
betfer thermal stability (i.e. both high and low temperatures). in addition, although
unfilled, it evidenced some char integrity.
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TABLE 6-40

-ADDITION REACTION SILICONE RTV'S

PRELIMINARY FLAMMABILITY
~TEST CONDITIONS/RESULTS-

79-9

Zero time: start of specimen burning

. Amount left in (4)
. Yes or No
. Ambient pressure air

1
2
3.
4. Generally similar to orviginal specimen:
5
6
7

Specimen
044B 044B 044B-2 044B-3 042B-1 042B-1 042B-2 042B~3 0O43B 0438
0O, Pressure (psia) (7) 6.4 6.2 6.2 (7) 6.2 6.2 6.2 (7) 6.2
Wire Ignition (1) T T/.B T/B T/B T/B T/B T/B T/B T/B T/B
R|Wire Failure (1) T T B T B B T T
E|Smoke (2) | N N S N N N
S|Burn Time [flame-out 0] 30 - 38 43 2 6 ‘ 53 30 0 40
Ul (sec.) (3)lglow~-out 0 65 55 93 2 il 115‘ 52 0 107
L configﬁration (4) | ¥ N Y Y Y N IY Y ¥ N
T |Residue (%) (5) 160 90 95 90 100 30 85 80 100. 20
S |Melted (6) N N N . N N N N N. N N
Colorx lgxter@or red white white white  trans white white vhite trans: white
dinterior " brown lt.bxrn beige " black black . black " black
Exterior powder (6) N N N‘ N N N N N N N
Texture | crusty (6) N Y Y Y N Y Y ¥ N Y
: : (8) . {8) (8) (8) ‘
T.....Top B.oouso Bottom ‘
Neoo.. None S..... Some P.....Profuse



TABLE-6-40 (cont'd)
ADDITION REACTION SILICONE RTV'S
PRELIMINARY FLAMMABILITY
~TEST CONDITIONS/RESULTS-

G99

; | ) Specimen
043B-2 = 054 054 054~2 054-3 055 055 055%2 055-3
0, Pressure (psia) 6.2 (1) 6.2 6.2 6.2 (7) 6.2 _ 6.2 6.2
Wire Ignition (1) T/B | T . T/B T/B T/B  T/B T/B T/B T
Wire Failure (1) p T T . B B T B ' T T
[
S@oke (2) 'N N N N N
Burn Time|flame out | 26 o 30 35 30 3 26 38 25
Ul (sec.) (3) [glow-out 53 0 56 82 57 3 43 66 49
L |Configuration (4) 1Y v ¥ Y- 4 N 4 N
"T|Residue (%) (5) . | 50 100 90 95 90 100 70 .90 50
Melted (6) N N N | N N N N N N
Color |exterior “white trans white white white w.bl. white white white
interior black " black black black trans black- black black
Exterior|powdery. (6} | N . N N N N ‘N N N. | N
Texture lcrusty (6) | ¥ | N ¥ ¥ b4 N b4 4 ¥

1. T..... Top ' , B.....Bottom .

2. N..... None S.....50me P.....Profuse
3. Zero time: start of specimen burning ‘

4, Generally similar to original specimen: Yes or No

5. amount left in (4)

6. Yes or No .

7. Ambient pressure air



99-9

TABLE 6-40 {cont'd)

ADDITION REACTION SILICONE RTIV'S

PRELIMINARY FLAMMABILITY

~TEST CONDITIONS/RESULTS~

Specimen
045B 045B 045B-2 046B 046B 046B-2 047B 047B-1 047B-2
0, Pressure (psia) (7) 6.2 6.2 (7) 6.2 6.2 (7) 6.2 6.2
Wire Ignition (1) T/B T/B T T T/B T/B T/B “T/B T/B
R|Wire Failure (1) T iy T T T T T T T
E|Smoke (2) N N N
S|Burn Time| flame-out 0 27 28 0 40 50 2 36 30
Ul (sec.) (3)| glow-out | 20 35 40 0 60 82 2 60 54
L |Configuration {(4) Y N N Y ¥ Y Y N Y
T|Residue (&) (5) o5 90 95 100 90 90 100 -90 - 90
S {Melted (6) N N N N N N N N N
Coior !gxter%or trans white white blﬁck white white trans white ‘white
Jdinterior " black black - black black " black black
Exterior\powder (6) N N ¥ N N N N N N
Texture |crusty (6) N N4 ¥ N Y ¥ N ¥ b4
T.....TOop B.....Bottom
D [ None S.....50me P.....Profuse

Amount left in
Yes or No

1

2

3. Zero time:
4

5 (4)
6

start of specimen burning
. Generally similar to original specimen:

Yes or No



TABLE 6-40 (cont'd)

ADDITION REACTION SILICONE RTV'S
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS ~

£9-9

Specimen
047B-3 117-1B-1 118-1-1
Q5 Pressure {psia) | 6.2 6.2 : 6.2
Wire Ignition (1) : /8 /B . T/B
Wire Failure (1) , T ‘ B T
Smoke (2) N 5 N
Burn time | flame~out 30 37 45
(sec.) (3){ glow-ouf 59 _ 43 80
| Configuration (4) Y N Y
Residue (%) (5) 90 20 20
Melted (6) ' N N N
Color; exterior ‘ * white - white white
[ interior black red black
Exterior | powder (6) N N IN
Texture | crusty (6) Y Y Y
1. T.....Top B.....Bottom .
2, " N....None Seeeen Some P.....Profuse
3. Zero time: start of specimen burning
4. Generally similar fo. original specimen: Yes or No
5. Amount left in (4)
6. Yes or No
7. Ambient pressure air



Table 6-41 is a tabulation. of formulafions utilizing RTY 655 with some inorganic
flame retardant candidates. Justification for the interest in these particular
additives has been reviewed in Progress Report No. 3 (Ref, 6-8) for

this program.

Processing steps are shown in Teble 11 of Reference 6~11, and in Table 6-42 of
this report. -

Antimony oxide was found (F-088)"to complefely inhibit the cure of the RTV 655,
even affer 18 hours, This apparenily reduced its potential usefulness with halogen
flame retardants in addition silicone RTV systems. Nevertheless, several attempts
were made fo viilize such synergistic behavior. Based upon prior art (Ref. 6-24)
with polyethylene, the weight ratio of 5b503 to NH4BF4 was set at 2:1 for a total
amount of 150 phr. The ratios for the other 2 fluorine compounds, KBF, and KPFg,
were adjusted with respect fo molecular weights and total fluorine content. None
of the formulations cured within 4 hours at 150°F. Arf the end of 45 hours at 150°F,
all were partially cured but tacky., XPi~158 (zinc borate: 2Zn0.3B5043-3.3-3.7
Q), which had been found to accelerate addition reaction silicone RTV's, was
su%s’rri‘u’fed for 80% pbw for the Sb20O3. The ones with NH4BF4 and KBF4 were
partially cured and tacky after 4 hours. The one with KPFg was not cured at all.
At the end of 30 hours, the first two were cured (no tack), The third one was
still uncured,

ft is seen in Table 12 of Reference 6-11 and in Table 6~43 of this report that except
for several of the ammonium salis and the fluorinated compounds, the mechanical
properties are generally quite poor, indicating that the approximaié limit of their
respective loadings (for the given particle size and shape) had been reached.

Table 6-44 shows the resulis of the preliminary flammability tests. None of the
specimens survived the 16.5 psia oxygen environment, F~120 was  the only one
which was reasonably self-extinguishing and had negligible damage at 60/40,
16.2 psia. This wes a formulation of 150 phr boric acid with a Me-@ silicone
RTV, 96-052, The laiter, as received, was apparently loaded with titanium
dioxide. The initicl viscosity was 100 Poise when catalyzed. Upon adding the
boric acid, the compound became aimost unworkable due to its very high viscosity.
F-142, based upon an unfilled Me-@ silicone RTV, 655, and containing a higher
percenfage of tifanium dioxide and o lower percentage of borlc acid, was not
acceptable at 6.2 psia oxygen. F-145, which had 150 phr boric acid, but only
50 phr titanium dioxide {all within an RTV 655 matrix), was also uncxccep’rable.
F-129 was also not suitable ot 6.2, It confained only 150 phr titanium dioxide
with the RTV 655, F-033, a blend of 150 phr boric acid and the RTV 655, also
did not survive 6.2 psia oxygen. However, as noted above, the viscosity of F-120
is quite high. Further, the qualitafive mechanical properties were also unsatisfactory .
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TABLE 6-41

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

033

079

Formulations {(phr)
080 096 034 035 087 098 099 100 301 129

142

088

Component |

RTV B655A

Boric Acid

Boric Acid (1)
Boric Acid,Anh.(1,2)
Borax (1)

Borax, Anh. (1,2)
Boron Phosphate
XPI-158 (3)

BUSAN 11-MI ()
METSO ANH.48 (1,5)
SS65 Pwd. (1,6)
METSO 20 (1,2,7)
METS0O 200 {1,2,8)
Titanium Dioxide
Antimony Oxide .

RTV 655B

— ]

- Nt — et wrerd el —t
~ QO s N BN NON NN

100. 100.

150.

10.

150.

10.

100. 100. 200. 100. 100. 100. 100. 1.00. 100. 200.

150
150,
150.
75,
150.
150.
150.

16. 10. 10. 10. 10. 21o0. io. 10. 0. 1o0.

100.

100.

. 100.

10.

100.

150.

10.



. ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

TABLE 6-41 (cont'd)

Formulations (phr)

Component S| 102 103 104 112 113 093 092 115 116 107 106 105 110 111
RTV B55A 7 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 10Q. 100. 100. 100.
1710 @lass Frit (10) |21 150. .
7570 Glass Frit (11) 21 150.
7900 Glass Frit (12) |21 150.
Vermiculite BC-5(13) {22 150.
Vermiculite BO-U .
(-100)¢18) {22 150.
325 Mica (14) 23 150.
ASTRACAL SF (15) 24 150.
AVIBEST C (16) 25 75. 25.
DISPAL Alumina (17) 26 150.
BURNIL (18) 2 25.
HISIL 233 (19) 27 150. 75. 25.
RTV B55B 7| 1o0. 10. 10. 10. 10. 10. 10. 10. 10. 10. 16. 10. 10. 10.

0L~9
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TABLE 6-41 (cont'd)

ADDITION REACTION SILICONE RTV's WITH INORGANIC ADDITIVES

Formulations (phr)

Component S 070A 070 071 072 073 074 075 120 145 173
96-00L 12 100. 100. 100.

SYLGARD 182 12 100.

SYLGARD 186 12 100.

SYLGARD 188 12 100.

RTV 655A 7 100. 100. 100,
96-052 12 100.

Boric acid % 150. 150. 125,

Boric acid (1) 9 125, 125, 125, 125, 150. 150.

Ti05 - 50.
MAGLITE D (9) 3 150.
96-004 catalyst 12 10. 1z2. 1o,

S~182 catalyst 12 10.

S-186 catalyst 12 10.

S-188 catalyst 12 10,

RIV 655B 7 10. 10,  10.
96~052 catalyst 12 10. '



L9

TABLE 6-41 (cont'd)

ADDITION REACTION SILICONE RIV'S WITH INORGANIC ADDITIVES

Formulations (phr)

Component S 2772 273-1 273-2 275-2 276 2741 274-2 277
RTV 655A 7 | 100. 100. 100. 100.  100.  100. 100. 100,
Ammonium Biborate (1) 10 { 150.
Ammonium Borate 10 150.
Ammonium Borate (1) 10 150.
Ammonium Phosphate,

Monobasic (1) 10 150.
Ammonium Phos., Dibasic (1) 10 150.
Ammonium Bromide 10 - 150,
Ammonium Bromide (1) 10 150. .
Ammonium Carbonate (20,21) 10 150,
RTV 655B 7 10. 10,

10. 10. 10. 10. lo0. 10.



TABLE 6-41(cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

Formulations (phr)

€L-9

B

Component s | 335 337 338 339 340 341 342 343 34y
SYLGARD-186 2| 100. 100. 100. 100. 100. 100. 100. 100. 100.
NHy, BF ), - 120 150. 50. 50.

KBFLI_ ]0 1501 . 56- 560

KPFg 10 150. 56. _ 56.
Sby0g 20 100. 9y, oy, 20. 18.8 18.8
XPI-158(3) 4 80. 75.2 75.2
S-186 Catalyst 12 10. 10. 10. 10. 10. 10. i0. 10. 10, -

Sevnn Source (See Table 6-1) :

1. 100% through 170 mesh 12. VYCOR (96% silica)

2. Dessicated 13. Hydrated magnesium aluminum iron silicate ¥
3. . Zinc borate 14. Hydrated sodium potassium aluminum silicate
4. Barium metaborate monchydrate 15. ©Potassium aluminum silicate

5, Anhydrous sodium metasilicate 16. Hydrated magnesium iron silicate

6. Anhydrous sodium silicate (ground glass)' 17. Hydrated aluminum oxide

7. Pentahydrate sodium metasilicate 18. Lithium magnesium silicaté

8. Sodium orthosilicate (8.5% Hy0) 19. 8ilicon dioxide

9. Magnesium oxide 20. Ball Milled

0. Pyrex, extra hard 21. Reagent grade

1. High lead



TABLE

6-42

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

~ FORMULATION PROCESSING -

Eure (1)

Post Cure
Formulation Time Temp. Time Temp.
No. F=- (hrs/min) (°F) (hrs/min) (°F)
071A -/15 150 13/~ RT
07113 1 H " 1
22/40 7 150
072-1A " u 13/~ RT
072_1]3 11 1 " i i
22/40 * 150
072-2 16/~ " - -
073A -/10 " 13/- RT
07éB H1 it 1! 1
22/40 150
07u-I1A " it 13/~ RT
074~1B " " B 1
22740 150
074-2 4./50 " -- -
075 16/~ L -~ --
1U5A 1/~ n - _—
i
1458 ' " 3 /45 150
173 (See text) - -
272-1 24/~ 150 —— --
272-2 5/- 1 — —
1. Time in mold
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TABLE 6-42 (cont'd) -

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

- FORMULATION PROCESSING -

Eure (1) Post Cure
Formulation - Time Temp. Time Temp.
No. F= (hrs/min) (°F) (hrs/min) (°F)
273-1 22/25 150 _— -
273-2 16/20 d - -—
275 21/25 " -— -
276 4/30 m - -
2714-1 21/45 n - -
274-2 15/25 " - -
277 28/~ RT — -
336 2/- 150 - -
337 1 - " _ -
338 n n — -
339 45/~ " - -
340 " " — -
341 " " - --
342-2 41/~ " 36/~ 150
3143-2 i t " "
3nk i/~ " 26/~ "

6-75
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TABLE 6-43

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

CHARACTERISTICS
~-CURED/POST CURED-

1. 180° bend (face-to-face contact)

Formulation
Properties 071A 071B 072-1A 072-1B 072-2 073A 073B 074-1A 074-1B
Cured Y Y N Y Y Y Y N 7 .
Tacky N N Y N N S N - S
Flexible Y Y Y F X Y Y, - Y
Memory P F N F F P X - p
Cohesion P P - F P p F - P’
Tear Resistance P P - P P P P - P
Crack Resistance (1) NG ‘NG : X X X . X - p
Crack Propagation (1) F NG - NG p X X - Pi
_Porous N N - N N N N - ﬁh
Adheres to unclean alum. | - - .- - - - - - -
Foil cup .
Cheesy - Y - N N Y N - N
Youuo, Yes VS.....Very Slight S.oens Slight N.ooowo No
X.....Satisfactoxy F.o.o.o.. Fair P.....Poor NG..... Not Good
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TABLE 6-43 (cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES
CHARACTERISTICS

-CURED/POST CURED-

Formulation

Properties 074-2 075 145A 145B 272-1 272-2 273-1 273-2
Cured ? Y Y Y Y Y Y Y
Tacky S N N N N N N N
Flexible Y Y Y Y F F X » X
Memory F F X F - F X F
Cohesion P P F I - P P F
Tear Resistance P P p P - P P E
Crack Resistance (1) "X :X X X - NG - X
Crack Propagation (1) X F X X - NG - P
Porous N N ? ? N N N N
‘Adheres to unclean alum. - - - - X F P F
Foil Cup

Cheesy ' N Vs N N Y Y S N
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TABLE 6-43 (cpnf'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES
CHARACTERISTICS

~-CURED/POST CURED-

Formulation
Properties 275 276 274-1 336 337 338 342-2 343-2
Cured Y Y Y Y Y Y Y(7) Y(3?)
Tacky N N N N N N S Y
Flexible X X X Y Y Y X Y .
Memory X X X Y Y Y X X
Coliesion P P F F F F P P
Tear Resistance P P E F F F P P
Crack Resistance (1) X X - X X X X X
Crack Propagation (1) X X - X X X X X
Porous N N N N(2) - - N N .
‘Adheres to unclean alum. F X P. N N N - -
Foil cup
Cheesy . N N P - - - - N

" 2. Very slight due to large particle size of NHBF,.
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TABLE 6-44

ADDITION REACTION SILICONE RTV'S WITH INORGANIC FLAME RETARDANTS
PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS~

Specimen
033 033 033-2 033-3 033-2-1 079 079 080 096
0> Pressure (psia) {7) 6.2 6.2 6.2 6,2 6.2 9,72 6.2 6.2
R Wire Ignition (1} T/B "T/B B T/B T/B T T/B8 T T/B
. Wire Failure (1) T B T/B T T B T T
Smoke (2) P N N N S S S S S
> | Burn Time | flame-out 0 75 ~s45 7 54 45 37 38 40
U {sec) (3) | glow~out 0 81 ~ 54 7 59 47 43 38 45
Configuration (4) Y Y Y Y Y Y Y Y Y
" | Residue (%) (5) 100 90 90 100 90 90 90 85 95
T | Melted (6) ‘N N N N N N .N © N N
g Color: Iexterior white white white white white white white white white /bl,
intexior black black black 1 black " " black black
.Exterior powder (6) N N N N Y N N . N N
Texture | crusty (6) N Y Y N Y Y Y Y Y
{9
T. ....Top B..... Bottom )
N,....None S.....S8cme P.....Profuse.

Amount left in (4)
"Yes or No

qc\mﬁsmpd'w

Ambient pressure air

9. 60%0,/40% N, = 16, 2 psia

Zero time: start of specimen burning
Generally similar to original specimen: Yes or No
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TABLE 6-44 (cont'd)

ADDITION REACTION SILICONE RT V'S WITH INORGANIC FLAME RETARDANTS
PRELIMINARY FLAMMABILITY
~-TEST CONDITIONS/RESULTS-

Specimen
034 034 034-2 035-1 035-1-1 035-~1-2 087-2 098-2~1
0, Pressure (psia) {7) 6,2 6,2 {7} 6,2 6.2 6,2 6.2
Wire Ignition (1) T/B T/B T/B T/B T T/B T T
Wire Failure (1) T T B T T B T T
Smoke (2) N N N N S
Burn Time | flame-out 0 58 48 3.5 50 53 50 36
(sec.) (3) | glow~-out 0 82 71 3.5 63 69 53 41
Configuration (4) Y Y Y Y Y Y Y N
_Residue (%) (5) 100 90 90 100 90 90 90 95
Melted (6) N N N N N N N N
Color lexterior beige white white white white white . white white
interior T black black i black black black black

Exterior | powder (6) N N N N N "N N .. N
Texture | <crusty (6) N Y Y N Y Y Y Y

1. T.....Top B..... Bottom

2, N,.... None St Some TP Profuse
3. Zero time: start of specimen burning

4, Generally similar to original specimen: Yesz or No:

5. Amount left in (4)

6. Yes or No

7. Ambient pressure air



TABLE 6-44 (cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
099~2B~1 [29~2B-1 142~]=] 102-2B-t  103-2B-I 104-2B-1 1{2-2B-[ 113~2B-1

02 Pressure (psiq) 6.2 6.2 6.2 6.2 6.2 6.2 6,2 6.2
Wire Ignition (1) T/B T/B T/B /B /B T/B T/B T/B
Wire Failure () B T B B T B T B
Smoke (2) N N S N N N . N N
Burn time | flame~-out 36 45 43 43 55 40 4] 38

+ (sec. ) (3) | glow-out 44 95 53 84 iHo 93 68 63
Configuration {4} Y Y Y Y Y Y Y Y
Residue (%) (5) 95 20 . 90 95 90 © 95 + 95 95
Melted () N N N N N N TN N
Co!o;' exterior white whife white white white white - whife white

I interior black LN " black black tan black tan

Exterior | powder (6) N N N N N N N N
Texture | crusty (6) Y Y Y Y Y Y Y Y

i. T...'..Top B.....Bottom

2, N....None See...S50me P.....Profuse

3. Zero fime: start of specimen burning

4, Generally similar to original specimen: Yesor No
"5, Amouni left in (4)

6. Yes or No



TABLE 6-44 (cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES

PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS -

Specimen
092-28-1  070A 070A~! 070A 070A 071 072-2
) 6.2 6.2 6.2 G.72 16,5 6,2 6.2
Q9 Pressure (psia) (60%)
R | Wire Ignition (I) T /B T/B T B T/B T
E | Wire Failure (1) T B T T B B T
S | Smoke (2) N N N N 4 S S
T U | Burn Time |flame-out 42 57 60 39 30 46 48
N (sec.) (3)glow-oui © 83 57 60 39 30 46 53
L Y .
Configuration (4) Y Y Y Y Y Y Y
T
Residue (%) (5} 20 95 95 295 90 95 85
S : .
Melted (6) N N N NN N N
" | Colory exterior white white white red/wht  white " white. white
1 interior . tan-gray  black black red black Black black
Exterior | powdery (6) N N N Y Y N Y
Texture | crusty (6) Y Y Y Y N Y Y
. Teeou.Top B.....Botiom
N....Neone Seeens Some Pouo.s Profuse

. Zero fime: start of specimen burning

. Amount left in (4)
. Yesor No

l
2
3
4, Generally similar fo original specimen: Yes or No
5
6



TABLE 6~44 {cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

Specimen
073 074-2 075 120-1B~}  [120-1B-2  {20-1B-|  {20-|B-l

. . 6.2 6.2 6,2 6.2 6.2 .72 6.5
Oy Pressure (psia) (60%)
Wire Ignition (1) ' /8 T/8 T /8 T/8 T/8 /8
Wire Failure (1) B T T T T/B T B
Smoke (2) S N S N N . N ' P
Burn time | flame-ouf ' 35 68 68 8 3.5 19 42

(sec.) (3) | glow-out 4] 79 76 8 3.5 19 42
Configuration (4) Y Y Y Y Y Y Y
Residue (%) (5) 90 85 90 100 oo - . 100 95
Melted (6) ' N N N N N ‘N N -
Color exterior . white white white white white '+ ‘white white

1 interior - black . black black " " R gray

Exterior | powdery (6) N Y N N N N N«
Texture { crusty (6) Y Y Y N N N Y -
I, T.....Top ' B..... Bottom
2, N....None Sevees Some Peernen Profuse

3. Zero time: start of specimen burning

4, Generally similar to original specimen: Yes or No
5. Amount {eft in (4)

6. Yesor No



TABLE 6-44 (cont'd)

ADDITION REACTION SILICONE RTV'S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS —-

Specimen
145-1B-1 272-2-1  273-2-1 274-2-1 275-2-| 276-2-] 336-2-I
O Pressure (psia) 6.2 6.2 6.2 6.2 6.2 | 6.2 6.2
1 Wire Ignition (1) T/B B /8 T/B /B . T/B T
Wire Failure (i) ' B B T/B . T T B T
Smoke (2) .S N N N p R P
Burn time |flame-out 46 50 75 85 45 49 55
(sec.) (3)glow=-out 49 52 85 96 45 49 58
Configuration (4) Y Y Y Y Y Sy Y
Residue (%) (5) 20 . 20 20 20 20 - 90 50
Melted (6) .- N N N N N N N
Colory exterior white white white white white whife white
J interior —— ——— ——— black -— — & black
Exterior | powdery (6) N N N N N TN Y *
Texture I crusty (6) : Y Y Y Y Y Y Y
o Tova..Jop . B..... Bottom '
. N....None S.....Some P..... Profuse

I
2
3. Zero time: start of specimen burning :
4, Generally similar to original specimen: Yes or No
5. Amount left in (4)

6. Yes or No



TABLE 6~44 {contid)

ADDITION REACTION SILICONE RTV*S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
~TEST CONDITIONS /RESULTS-

Specimen
337-2-1 338-2-1 342-2-1 342-2-2 342-2-1 343-2-1 343-2~
] 6.2 6.2 6.2 6.2 9.72 6.2 9.72
Og Pressure (psia) . (60%) (60%)
Wire ignition (1) T T " T/B B -—_ e /B
Wire Faflure (i) T —— T B — T/B T
Smoke (2) S S N N e S
Burn time |flome-out 42 37 0 0 28 0 45
(sec.) (3) | glow-out 47 37 0 0 38 0 45
Configuration (4) . N e Y Y —_— Y Y
Residue (%) (5) I5 _— {00 {00 N e 95
Melted (6) , N N N N e N N
Coiori _exterior (7) (7) white white ~——— "+ white white
interior (7) (7) " " ——— " black
Exterior | powdery (6) Y Y N N ——— N N
Texture | crusty (6) Y Y - N N - N Y
(@) (8) (8)
[. T.....Top B.....Botiom
2. N....None Sie.ssSome Poves.Profuse
3. Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No .
5. Amount left in (4} 6. Yesor No -
7. Black and white 8. Test questionable (TFE pulled away from wire, but didn't ignite)



6.2.1.3 Organic Flame Retardants - Formulations which contained organic
halogenated compounds were prepared (see Table 6-45).~ Selection was. further '
restricted to those which either had no hydrogen present, or which had very liitle
hydrogen.

F-036, containing hexabromobenzene, had o low viscosity, but was difficult to
cure, In fact, no cure was achieved at 150°F after almost ¢ hours, . Over three
days at 200°F was required to cure the material even though the pot life was only
between 12 and 24 hours, Specimens from this formulation had @ foamy. interior,

a smooth surface, and were flexible but quite cheesy: Some form of inhibition was
clearly evident.

Ancther non-curing formulation, shown in Table 6-45, was F~143, No cure was
obtained even after 30 days at 150°F, The filler, FC-134 (5-2) is an organic
compound having a stable fluorocarbon fail and a cationic solubilizing group. On
the other hand, FC-95 (F-144 and -148), a similar type compound, has an anionic
solubilizing group, and did cure after 25 hours at 150°F, (No further information
was available for FC-134 or FC-95 due to the vendor, 3M, considering both mate-

" rials of a proprietary nature.) The resultant product was not tacky, was flexible,

had good memory and crack resistance, and was neither cheesy nor porous. However,
it had poor tecr resistance and cohesion and readily propagated « crack.,

When 2 drops of bromotrichioromethane per 1.5 grams of hexabromobenzene was
added to F~-036, the specimen (F-089) was slightly tacky after 57 hours at 150°F.
An increase to 10 drops resulted in a cure in 56 hours (F~0%0),

F-081 was prepared with Dechlorane 510, o high chlorine, non-hydrogen containing
organic compound. F-084 was made with Dechlorane 515. i is not known whether
- any hydrogen is present, Both of these cured.

The tetrabromobisphenol A of F-083 has only 2.2% hydrogen, whereas neither
tefrabromo phthalic anhydride (F~085) nor tetrachloro phthalic anhydride (F-086)
have any hydrogen. However, these three organics appear fo either inhibit or
slow down the cure rate of the RTV 655, F-083 was only semi-cured affer 46
hours at 150°F, F-085 was only semi-cured after 4 days, F-086 required almost
7 hours at 150°F to cure. Additional processing and cured characteristics dafa
were reporfed in Tables 15 and 16, respectively, of Reference 6-11,

The preliminary flammability test resulfs are shown in Toble 6-46, Simply stated,
af the concentrations indicated in Table 6-45, none of the formulations fested
survived 6.2 psia oxygen.

6.2.1.4 Inorganic/Organic Flame Retardants - An atfempf to cure the hexabromo-
benzene/RTV 655 system at 150° and at 200°F (see Table 15 of Reference 6-11) with
antimony oxide proved unsuccessful (F-078), Since Busan 11-M| has reportediy

6-86
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TABLE 6-45

ADDITION REACTION SILICONE RTV'S WITH ORGANIC ADDITIVES

Formulations (phr)

Compcnent S 0386 089 ‘090 081 o8 083 085 08B-1 086-2 14y 148 ins
RTV BEBA 71 1o00. 100. 100. 1l00. 100. 100. 100. 100. 100. 100. 100. 100.
Hexabromobehizene 281 150. 150. 150. -

Bromotrichlotomethane] 28 (B) (8)

DECHLORANE 510 (1) 16 150,

DECHLORANE 515 (1) 16 150.

Firemaster BP 4A (2) |28 “150.

Firemaster PHTL (3) 28 150. .

TCPA (%)‘ 16 150. 150. (7>

FC~95 (8) , 1 _ 150. 150. )
FC~134 (8) 1 . 1503
RTV. 6558 7 10. 10. 10. 10. 10. 10. i0. 10. 10. 10. 10!. 10.

«vves.S0urce (See Tableb~1)

Proprietary product: high chlerine content
Tetrabromo bisphenol-A ’
Tetrabromo phthalic anhydride
Tetrachlorophthalic anhydride

2 ' @rops/1.00 gm. RTV B55A

10 drops/1.00 gm. RTV BEBA

100% through 170 mesh

Fluorocarbon solid surfactant

- . = .

QT EWN W



TABLE 6-46

ADDITION REACTION SILICONE RTV'S WITH ORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

Specimen
036 036-1 036-2 081 084-2 086-2B f48-1-1

Os Pressure (psia) (7) ] 6.2 6.2 6.2 6.2 6.2 6.2
Wire Ignition (1) /B T T T /8 /8 /8
Wire Failure (1) . B T T T T B B
Smoke (2) P o= — S S . S S
Burn time | flame-out : 0 5 54 45 - 48 80 28

(sec.) (3) | glow~out 0 5 69 133 165 84 40
Configuration (4} . Y Y - N Y Y N N
Residue (%) (5) . 95 100 40 50 8 . 80 10
Melted (6) N N N N N N N
Co!of‘} exterior beige beige white black black . gray whife

interior black black black _white white black black
Exterior | powdery (6) : N N Y. N Y .Y N .
Texture | crusty (6) N N Y Y- Y Y Y
. !o T ooooo Top * B ..... BO’H‘OI‘n *

2. N..,.None ) Sevvs.Some Poeens Profuse
3. Zero time: start of specimen burning
4, Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yesor No

7. Ambient pressure air



been used as a partial repl.:cement for antimony oxide, and since there was no
difficulty in curing it with the RTV 655 type sysiem, a formulation was prepared
(see Table 6~47) with it and hexcbromobenzene (F-091), Cure ai 150°F was
sufficient in 1-1/2 hours fo demold the specimens. They were then post cured for
.an additional 15-1/2 hours. The latter thermal exposure seems to have stightly
stiffened the specimen (see Tuble 16 of Reference 6-11), F-094 was prepared
with less of the borate, This somewhat reduced the effect of temperature cycling.
F-097 was similar to F-094 with the exception that antimony oxide was aiso added.
This required more time to cure than F-094. An effort was made to cure ihe
hexabromobenzene -in conjunction with a potassium aluminum silicate (F-095).

The specimen was only semi-cured after 24 hours af 150°F, It didn't appear cured
until several weeks later, at room temperature. A Dechlorane 510/antimony oxide
system cured in 5 hours 15 minutes.

It is seen from Table 6-48 that none of the flammability test specimens from this
group passed the 6.2 psia oxygen environment.

6.2.2 Two-Part Condensation Reaction Systems

As in the case of other condensation systems, a by-product results herein which can
be a source of outgassing and can result in reduced mechanical properties, especially
in thick sections, Therefore they are generally less desirable than the addition types.

However, these condensation systems are much less prone to irhibition,

6,2.2.1 Unfilled Formulations = The formulations are shown in Tab_le 6~49,

F-270 was an evaluafion of a dimethyl analog of the two-part condensation, methyl-
phenyl (Me-®) system used in F-048, Some cure difficulty was encountered with
F-270. In-fact, no cure was obiained in 5 howrs 15 minutes ot 150°F, Cure was
achieved after an additional 41 hours 51 minutes at 150°F, At that point, the
"cured" material was slightly tacky, but was flexible, had good memory, cohesion,
and tear resistance, was crack resistant, didn't propagate an induced crack, and
was not porous or cheesy.

" The processing data and cured characteristics of the remaining formulations shown
in Table 6-49, are tabulated in Tables 5 and 6 of Reference 6-11, respectively.

F-001 is the formulation being used by NASA-MSC as an igniter for flammability
testing (Ref, App. A, para. 3.4.1.2, and Ref. 6-1), I was used as the initial
mold tryout for the preliminary flammability specimen mold (Ref. Section 5.2 of
this repori), These specimens were also the fivst samples fested in the flammability
tester (Ref. Section 5.1 of this report).

As noted in Table 5 of Reference 6-11, F-050 had insufficient pot life. F-051

contained less cafalyst.

6-89



TABLE 6-47

ADDITION REACTION SILICONE RTV'S WITH INORGANIC/ORGANIC ADDITIVES

Formulations (phr)

06-9

Component S 078 09l 094 097 095 082
RTV 655A 71 100. 100. 100. 100. 100. 100,
Hexabromobenzene 28 150. 150. 150. 150. 150,
Promotrichloromethane 28

DECHLORANE 510 (1) 16 150.
Antimony Oxide 20 75, 50, 75.
BUSAN 11-MI (2) 19 100. 50. 50.

ASTRACAL 8F (2) 24 100.
Titanium Dioxide o =

RTV G6E5B 7 10. 10. 10. 10. 10. 10.

«vesa.B0urce (See Table 6-1) .
Proprietary product: high chlorine content
Barium metaborate monohydrate

Potassium aluminum silicate

w N O
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TABLE 6-48

ADDITION REACTION SILICONE RTV'S WITH INORGANIC/ORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS -

3. Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No

5. Amount left in (4)
6. Yesor No

Specimen
091-2-1 | 094-2 097 082
Oy Pressure (psia) 6.2 6.2 6.2 6.2
Wire Ignition (I) . B " 1/B T T/B
Wire Failure (I} B B T /B
Smoke (2) P P 4 p
Burn time flome~out 75 65 53 58
(sec.) (3).glow-out 82 97 93 105
Configuration (4) Y Y N ‘ N
Residue (%) (5) o0 20 20 50
Melted (6) N N N N
Color: exterior white white white black
: 'interior black black black gray.
Exterior powdery (6) N Y N N °
Texture ‘crusty (6) Y .Y Y Y
le Tooens Top B.....Bottom
2, N....None So....S0me Peu...Profuse



6-9

TWO-PART CONDENSATION REACTION SILICONE RIV'S

TABLE  6-49

Component s| os8 0w 001 050 051 058 270
RTV 511 7 100.

RTV 560 7 100. 85.

RTYV 577 7 15.

RTV 602 7 100. 100.

RTV. 603 7 1060,

RTV 11 7 100.
DTD (2) 7 0.3 0.3 0.5 0.3
SRC~05 7 0.3 0.2 0.2

S......80urce (See Table 6-1)
2 Pibutyl tin dilaurate (Thevmolite 127



The catalyzed systems, in arder of increasing vzscos:’ry, were: : F-050 /-051,<-048,
{~049, <-001. T

LI
As in the case of the additional systems, these compounds were essentially unchanged
when ignited in ambient pressure air (see Table 6-50). The sole exception was ~049B,
which was slightly burned.on one end. Although those exposed 1o 6.2 psia oxygen
apparently completely burned up, the residue from these mainfained thelr original
configuration generally better ’rhcm fhe addition types tested to date {i.e. befter
char structure).

6.2.2.2 Flame Retardants = Various inorganic additives were formulated with either
RTV 511 or RTV 560 in order to improve their flammability resistance (see Table 6-51).,
Both RTV's were prepared with only 125 phr boric acid since 150 phr was physically
not feasible due to the enormous increase in viscosity. The viscosity of F~076 was
extremely high, but it still could be made info flammability test specimens.” How~
ever, the viscosity of F-077 was too high even at the 125 phr level, fo fabricate

any test specimens,

A cotalyzed RTV 511 master batch (F-208)} was prepared in order fo evaluate the
fluorinated inorganic compounds shown in Table 6-51. The remaining additive
systems were individually blended with the RTV and the catalyst, excepi for F~202.,
This formulation was initially prepared without F~208, but was found fo have an
excessively high viscosity., F-208 was added as a dilueni‘. F-204 was obviously
" guite hygroscopic. F-205 was prepared first from F-208 (F-205-1), and eventually
"cured"” to an extremely poor cohesive stafe, and had slight fack. The same system
was separctely formulated (i.e. No. F-208) as F-205~2. Again, the specimens did
not hold together, F-203 resulted in a powdery product. F-206 was extremely
hygroscopic {i.e. "cured" specimens wet after exposure to ambient air), started to
“cure" while biending, and became stringy. F-207 was similar fo F-206. F-269
appeared to "cure" while blending.

]
F-211 utilized antimony oxychloride as the potential flame retardant, Antimony
oxide, by itself, has not been found by other investigators, as well as by this
Project, to be an effective flame retardant. However, if it is used in conjunction
with halogen containing compounds, especially those having chlorine, an apparently
synergistic relationship is developed with respect fo flame retardation, Ii has been
postulated (Ref. 6-25) that antimony oxychloride, SbOCI, is formed upon ignition.
The vapor created by this reaction acts as o blankef and tends to inhibit the spread
of burning after the ignition source is removed. (It should be noted that SbOCI is
somewhat hygroscopic even though it is insoluble in water.)

The processing data and cured characteristics of the above compounds are shown

in Table 6-52 and Table 6-53, respectively. The flammability results are tabulated
in Table 6~54, None of the specimens from this group safisfactorily survived 6.2
psia oxygen. -
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TABLE 6-50

TWO- PAR’I' CONDENSATION REACTION SILICONE RTV'S

PRELIMINARY FLAMMABILITY
-TEST CONDITIONS/RESULTS-

Specimen
048B 048B 048B-2 048B-3 049B 049B 049B-2 001-1 001-2 001 00l-3 001B-4

0, Pressure (psia) (1) 6.2 6.2 6.2 (1) 6.2 6.2 (7) (7) 6.2 6.2 6.2
Wire Ignition (1) T T/B T T/B T/B T/B T/B T/B T/B T/B T/B
Wire Failure (1) T T T T T B T T B B
Smoke (2} N N S ' N N
Burn Time| flame-out|0 40 40 53 1,5 40 53 D 0 55 38 46

(sec.} (3)lglow~out {0 45 50 60 1.5 50 68 ¢ . 0 72 38 61
Configuration (4) Y "N N N Y N Y Y Y © N Y Y
Residue (%) (5) 100 90 90 . 90 100 90 90 100 100 90 90 90
Meltéd (6) N N N N N N N N N N N "N
Colox ‘exterior white white white white red white white red red, white white \;&hite

interior " black black whigray red black " " red red black

Exterior | powder (6) [N N N Y N N N N N N N N
Texture | crusty (6) [N Y Y Y N Y Y N N Y Y Y
1, T..... Top B..... Bottom
2. N..... None S.....50ome P Profuse
3. Zero time: start of specimen burning
4, Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yes or No
7. Ambient pressure air



. TABLE 6~50 (cont'd)
TWO-PART CONDENSATION REACTION SILICONE RTV'S
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
051B 051B 05iB-2 051B-3 058 . 058 058-2 270-}-1
O, Pressure (psia) {(7) 6.2. 6.2 6.2 7). 6.2 6.2 (7)
Wire Ignition (1) T/B /8 T/B “T/B T T T T/B
Wire Failure (I) T T/B B B T T T T
Smoke (2) . . S N N N L. o# S N
Burn time:  flame~out 0 38 30 30 0 40 40 45
{(sec.) (3). glow-out 0 82 . 36 38 0 73 77 - 77
Configuration (4) Y N N N Y N Y Y
Residue () (5) 100 9 . 90 90 100 90 © 80 90
Melted (6) | N N N N N . N N N
Color: exterior trans. white whife white trans. white " . white whife
i interfor " ~ black - black black " black black s
Exterior powdery (6) N N N N N N Y N -
Texture crusty (6) N Y Y Y Y Y Y Y
Taess.Top ' ‘ B..... Bottom
N....None Seiens Some P.....Profuse

Zero time: start of specimen burning

. Generally similar fo original specimen: Yes or No
Amount leftin (4)

Yes or No

Ambient pressure air

NS rLDd -
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TABLE 6-51

. TWO-PART CONDENSATION REACTION SILICONE RTV'S WITH ADDITIVES

Formulations (phr)

Component s{ 076 077 208 202 204  205-1  205-2 203 206 207 289 211
RTV 511. 71 10Q. 100. 100. 100. 100. 100. .
RTV 560 7 100.

F-208~1 13 25. 100.  100. 100. 100. 100.

Boric acid (1) @l 125. 125.

CajBg 29 150.

CaBF 29 150.

CaSiF, *2H,0 29 150. 150.

SbF ' 29 150.

Co,(BF,), 29 150,

Ni. BF4)2'5H20 29 150.
(NH,),C04+H,0(2){10 150.

ShoCl 30 , 150,
DTD (3) 7| 0.8 0.3 0.3 0.3 0.3 0.6 0.3
Sevenn '.Source (See Table 6-1)

1. 100% through 170 mesh

2. Reagent grade
3. Dibutyl tin dilaurate (Thermolite 12)




TABLE 6-52

TWO-PART CONDENSATION REACTION SILICONE RTV'S WITH ADDITIVES

- FORMULATION PROCESSING -

Cure (1) Post ‘Cure
Formulation -  Time- Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
076-1 u/28 150 - -
076—2- 5/~ 1 - -
077 4/18 i _ -
202 2/30 . R 1/30 150
204 by/- n - —
205-1 u | 1 - -
205-2 L8/~ n - -
203 CyL/- " _— -
- 2086 1/4 " _— —
207 AL R — _
268 (See text) -- -
211-1 4/20 1590 - ——
2112 20/10 n - -
1. Time in mold
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TABLE 6~53

TWO-PART CONDENSATION REACTION SILICONE RTV'S WITH ADDITIVES
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 076-1 076-2 202-1A 202-18 - 205-2 211-2

Cured Y Y Y Y 'N Y

Tacky VS N N N N N

Flexible Y Y Y Y LY Y
Memory P E Y Y NG Y

Cohesion p P E P NG F

Tear Resistance P P p p NG F

Crack Resistance (1) P P X NG NG P
‘Crack Propagation (1) ‘B P X NG NG P
" Porous N N(?) - - Y S
Adheres to unclean alum. N - N(3) - P P

Foil cup

Cheesy VS N N(2) N(4) gummy N
Yo..o.. Yes VS..... Very Slight S..... Slight N..... No

Xevonn Satisfactory - Foououo Fair P..... Poor NG..... Not Good

1. 180° bend (face-to-face contact)

2. Cured

3. R.T. Cured specimen

4. Cured and post cured
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TABLE 6-54

TWO-PART CONDENSATION REACTION SILICONE RTV'S WITH ADDITIVES

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
076~i-I 076~1-2 076-2-1 076-2-~2 (076-2-] 076~2-1 202-1-1 2H-2-1
On P (osia) 6.2 6.2 6.2 6.2 .72 6.5 6.2 6.2
2 Pressure (psia (60%) -
Wire Ignition (1) T T/B /B /B T/B /8 1/8 /8
Wire Failure (1) T B T B B B /B B
Smoke (2) N N N N S S S P
Burn fimel flarme~out 4 8 3.5 86 75 63 72 45
(sec.) (3) glow~out 4 8 3.5 86 82 63 {8 54
Configuration (4) Y Y Y % Y Y N N
Residue (%) (5) 100 100 100 25 - 95 20 0 20
Melted (6} N N N N N N N N
Color: exterior white white whife white white white black white
: interior " " " gray " " e et
Exterior powdery (6) N N N N N N N N
Texture crusty (6) N N N Y Y Y Y Y
Teeeas Top B.....Bottom |
N....None Seeens Some P.....Profuse

Amount left in (4)

Yes or No

Lo W —
LY *x o+ @ .

Zero time: start of specimen burning
Generally similar fo original specimen: Yes or No



6.2,3 Flame Retardont Pciyvols

The objective of this group of formulafions (see Table é-55) was to determine if
flame refarding polyol liquids could be incorporated into a basic silicone RTV
structure to decrease the viscosity while improving the flammability resistance
(or at least, not deteriorating it).

The general tacky and/or greasy feel to “curéd™ (see Table 6-56) specimens in
this group, and their poor cohesion and tear resistance (see Table 6-57} were
somewhat conclusive indications that the polyols had inadequate compatibility
with the RTV's, regardless of the latter's type, In addition, tacky and/or greasy

. surfaces are not conducive to adhesion fo such substrates os wires, PC boards, efc.
No further evaluation was conducted.

6.3 FLUOROSILICONE RTV POLYMERS

As seen in Table 6-24, the hydrogen content of the fluorosilicone RTV's is almost

- half that of the conventional dimethyl silicone RTV's., In addition, the incorpora-
tion of 36.5% (i.et parts by weight) (Ref. 6-15) of fluorine in the molecule of
the former's base polymer would clearly be an aid in flame refardation. This data
for the base polymer agrees quite well with the following structure: ’

P ———

CHjs
l

— 51 - O

CHy
|
T

CF
S 3 —dy

However, the following factors must be considered in its use herein.

a. Infrinsic viscosity is somewhat higher than that of a comparable dimethyl
silicone RTV; loading with flame retardants is, hence, more limited, On
the other hand, need for such additives is less than that for a conventional
silicone RTV, for a given environment.

b. Dow Corning is af this time, and will be for the forseeable future, the
sole source for commercial fluorosilicone RTV's due to their patent
position with this class of materials.

c. All presently available fluorosilicone RTV's are non-phenyl types.

d. Dow Corning does not generally recommend their fluorosilicone RTV's for
service in excess of 550°F due to possible evolytion of toxic thermal
decomposition products.

6-100



0 1-9

SILICONE RTIV'S WITH FLAME RETARDANT POLYOLS

TABLE 6-55

Formulations {(phr)

Component S| 153 154 156 157 214 158 159 201 155 150 1581 162 161 152
SYLGARD 182 12 100. 100. :
RTV 655A 7 100. 100. 100. *100.
RTV 511 7 100. 100. 1o00.

100. 100. 100.
RTV 603 7 100. 100.
BROMINEX 126 14 25, 25. 25. 25, 25. 25. 25, 25, 25.°
VIRCOL 82, 15 ‘ ' 25, 25. 25. 25. 25.
§-182 Catalyst 12 10. 10.
RTV 655B 7 10. 12.5 1b. 10.
DTID (1) 7 ' 0.25 0.3 0.6 0.25 0.25 0.5
Catalyst -SRC-05 | 7 0.6 0.6

Se.vv..Source {(See Table 6-~1)
1. Dibutyl tin dilaurate



TABLE 6-56

‘SILICONE RTV'S WITH FPLAME RETARDANT POLYOLS
- FORMULATTON PROCESSING -~

C&re (1) ) Post Cure

Formulation . -~ Time - Temp. Time Temp.
No. F- (hrs/min) (°F) " (hrs/min) {°F)
153 17735 150 21 days 150
153-C " " - --
154 17/10 L 21 days 150
154-C " _ " — —
156 3/145 u 21 days . 150
156-C " L - -
157 ~-/u5 v - 20 days 150
155—0 " " ~— -
21 21 days L : = ——
158-1 ' -/35 " — -
158-2 © 20 days n - --
159 a/140 " - -
201 20 days n . - -
155 ‘ ' 20d/5hr " ' - -
150 21d/2hn " - -
151 Zl.dajé " - -
162 16d/6hy " - -
161 o “u — e
152 - 21 days " . - .-
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TABLE 6-57

SILICONE RTV'S WITH FLAME RETARDANT POLYOLS
CHARACTERISTICS

-CURED/POST CURED-

‘ Formulation
Properties 156C 157C 214b 158-1C 158-2C 201C 155C 151-1 151-1C 162C 161C 152 152C
Cured Y Y Y Y Y Y ? Y? Y. Y Y (5) Y
Tacky . Y(2) Y N(2) ? (2) ?  Y(2) N N(2) Y  S(2Z) N(2) N(2)
Flexible Y Y Y Y Y Y Y Yy vy .Y Y Y Y
Memory Y Y Y - Y Y Y Y ? ? Y Y Y Y
Cohesion - P X F F F F NG NG NG F' F NG NG
Tear Resistance P P P P P P P NG NG F P NG "NG
Crack Resistance (1) X X X X k ' X X - - - X X X X
Crack Propagation (1) X X NG NG NG ? X - - X X NG NG
Porous ' N - Y - - - - N N . - - Nm N
Adheres to unclean alum. N N N N N N N - Y E N -. N
Foil cup . , .
Cheesy . : S - N N N - (6) (3) N¢4) - N Y Y
Youuuo Yes o VS..... Very Slight S Slight N..... No
X.....S8atisfactory Foo.o.. Fair P, Poor NG..... Not Good
1. 180° bend (face-to-face contact) 4. Very soft
2. GCreasy. 5. Gelled
3. Very, very soft 6. Gummy



e. Base compound is higher in cost than non~fluorinated analogs {e.g.
Sylgard 186: $8.-10./1b., RTV 77-033: $70:/1b.). Obviously,
this differential in raw material cost is drastically reduced when lower
cost additives are incorporated. For example, the inclusion of 150 phr
of a $5./1b. additive only reduces the cost of a compound with the
former to $6.27-7.12/lb. But formulations with the latter would drop
to $32.50/1b.1

Various commercial and experimental fluorosilicone RTV's are shown in Table 6-58.
94-516 is a carbon black.loaded commercial grade and was available. We have

been led fo believe that 77-013 is an unfilled version of 94-516. The lack.of data
for 77-013 is due to the fact that the vendor, Dow Corning, considers this matericl

as very experimental and has sharply restricted its distribution. 77-024 is clleged

to be similar to 94-516, but with o lower carbon black content, After considerable
evaluation, the Project was informed (Ref. 6-26) that 77-024 was being discontinued,
and that the non-carbon black containing 77-033 was being offered as a substitute.

+ It is seen from Table &-58 that the 20-046 is apparently a very high viscosity,
(probably thixotropic) high solids compound, whereas the 94-003 is the reverse.
They were of some interest either individually or in combination with each other;
mutual compatibility being most likely. Unfortunately, the only RTV fluorosilicone
condensation reaction systems availeble are of the acetoxy type; the less corrosive
ones were obviously preferred. No action was taken with these two. ’

6.3.1 Fluorosilicone RTV's with Carbon Black

The carbon black containing two part addition systems were evaluated in this section
since 77-013 was not made available fo the Project, and until 77-033 could be
prepared and shipped:io Furane.

6.3.1.1 Phase |I: Defective Catalyst -~ Upon receipt, moldings F-056 and F-~108
were prepared from 94-516 and 77-024, respectively. The formulations are described
in Table 6~59. 94-516, apparently containing carbon black, silica, and possibly
titanium dioxide, was extremely viscous and thixotropic. It readily cured in 2 hours
at 150°F (Ref. 6-10) to a flexible non-tacky, non-cheesy elastomer which had only
fair cohesion and poor tear resistance, but was able to withstand the 180° bend fests,
A 10 gram sample had a pot life of approximately 1.5 hours at 78°F.

. After 6 hours 45 minutes at 150°F the F-108 specimens were very soft and tacky. A
post cure of 33 hours 5 minutes at 150°F gave no improvement. On the other hand,
the pot life of 11 grams was only 4 hours at 78°F, A boric acid formulation of the
resin was then processed (F-109) by adding the filler after catalyzation. The vis-
cosify was very high. The moldings still were not cured after 8 hours 22 minutes at
150°F, The possibility of greater inhibition sensitivity was considered. Busan 11-Mi
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lABLE 0-08

FLUOROSILICONE RTV'S (1}

G019

Grade
’ 94-003
Properiies 94-516 77-013 77-024 77-033 20-046 Disper-
Sealant Sealant Sealant sion Ctg.
(5, 6) (5, 6) (5, 6) (5, 6) (7, 8) (7, 8)
Viscosity ~ base (Poise) 6000 _ 800~ 475 400-800
- base + cat. (Poise} 4500 1300 C 25-75
Rate of extrusion (gm/min).(2) _ . 50
Transparent N
Color ' black grey white ‘ alum. buff
Solids - initial (%) ' : ' S 50
- cured (%) (3) 100 + 100 100 100 95
Moisture sens.— uncured Y Y
Pot life (hrs/°F) - 2/RT 1-2/RT _
Cure, min. temp. (hrs/°F) . 7D/77 - . ID/77 70/77
4/150 : , () (9)
Tack fiee time (hrs) . <2
Reversion resistant Y Y Y - Y
Specific gravity 1.37 - . 1.37 {10). 1,35 - 1.37 -
Hardness (Shore A) 30 . 30-40 (10) 30 . 35 .
" Tensile strengh (psi) 550 | 500-600 (10} 150
Elongation (%) 400 " 200-300 (10) 150
Tear strength (lbs/in) ‘ - 20 (10)
1. Dow Corning materials and data, 5. Two part system. - ?. 50 £ 5% relative humidity.
2. 1/8 in. orifice, 90 psi air. 6. Addition reaction. ' 10. 24 hours at room temperature.
3. 24 hours at 158°F. 7. One part system. ’

4., Discontinued ' 8. Condensahon reczchon (moisture curing).
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FLUOROSILICONE

TABLE 6-59

(WITH CARBON BLACK} RTV: PHASE I

Formulation (phr) ~

Component S 056 108 109 114 121 122 123 133 13w 126 130 131- 132 136 139

94-516 12 100. v .

77-024 12 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100.

77-024% (1) 12 g0. 90. 90. .

SYLGARD 182 12 20.

RTV 615A 7 20.-

RTV 655A 7

Boric Acid (2) 9 150. 150. 150.

BUSAN 11-MI 19 100. 100. 50.

7570 Glass Frit (3) |21 50.

gu-515 Catalyst 12 10. 10.

77-02L Catalyst (4) (12 10. 10. 10. 10. 10, 10. 10. 10. . ’ r

S-182 Catalyst 12 2. 10.

RTV 615B 7 2 . 10. ¢ 5 7.5
7 10.

RTV 655B

« v Source (See Table 6-1)

Fillers removed

S..
1.
2. 100% through 170 mesh
3. 100% through 325 mesh
L,

Defective
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TABLE 6-50

FLUOROSILICONE (WITH CARBON BLACK) RIV:

{cont'd)

Formulations {(phr)

PHASE T

Component sl 127 119 135 141 146 147 149 163 164 165 .166 167 168 169 172
77-024 (L) 12 90, ’ -

77-024 12 100. 160. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100.
RTV - 615A 7 100. 100. -

RTV 6554 7 100.

L-23u7 2 ‘ 10. 10.

Boric Acid (2) 9 150. 300. 150. 125. 150. 150. 150.
7570 Frit 21 ' 25.

FC-43 2 20. 20. 20.

FC-75 2 20. 20.°
FC-77 2 40,

FC-78 2 20.

RTV §15B 7 10. 20. 20, 20. 10. 10. +10. 10. 20. 10. 10. _ 10.:
RTV 655B 7 20. :




had been found to somewhat counteract this effect. F-114 wos therefore formulated.
A cure of 29 hours 30 minutes still resulted in some surface fack. F-121, -122 and
~123 were then prepared by first cenirifuging out the particulate matter of the 77-024,
The blends were then prepared from only the fluid portion. None cured after lengthy
cure/post cure cycles. This seemed to eliminate the fillers as the problem source,
leaving the polymer and catalyst as potentially defective material.,

An attempt was then made to co-cure the 77-024 system with other, but not fluori-
nated, Sylgard type systems., F-133 and =134 were still tacky after cure cycles
which had previously proven successful with these type systems.

When the vendor was contacted, they also suggested the possibility of cure inhibition.
The Project did not feel that this was likely since the equipment and facilities, includ-
ing the ovens and molds, had been used for some time with similar addition reaction
silicone RTV systems. Further, the open air "pot life" samples were also not fully
cured (i.e. soft and tacky). |t was then agreed that other Sylgard type curatives
should be considered with the 77-024 while their technicdl personnel re~examined

the entire sttuation.

F-126, =130, -131 and ~132 were formulated with such curatives at the same level
of concentration (i.e. 10 phr) as they or 77-024 catalyst would normally be used.
All cured satisfactorily, but af different rates. The relative rates were 6158, 65587
94-516 catalyst)>S-182 catalyst. The RTV 6158 was selected for further evaluation
with the 77-024 pending resolution of problem by vendor. F-136 contained 5 phr
and F~139 had 7.5 phr. The pot lives of opproximately 2 gram samples were found
to be as follows:

TABLE 6-60

POT LIFE OF 77-024/6158
FLUOROSILICONE RTV

i CGel
‘Formulation No. Catalyst Conc, Time Temp.
(phr) | (min) (°F)
130 10. 15 80
139 7.5 28 80
136 : 5. 38 79

A sample of the 77-024 which had the filler removed was also catalyzed with 10 phr
of the 6158 (F~127). Ten hours later, the sample was still usable. It was then heated
for 36 hours af 150°F before a non~tacky cure was achieved. No further work with
the fillerremoved 77-024 was carried out.

6-108



Af this time, the vendor concurrad that the 772024 catalyst was defective and that
they would replace it as soon as possible. I was therefore deemed adviseable to
continue usage of the 77-024 polymer portion in conjunction with the other catalysts
until the new catalyst was received. F-119 and -135 were formulated fo determine
feasibility of using the regular silicone RTV a5 a reactive diluent. Both systems
cured with no difficulty. However, some separation seemed to occur between the
two polymers in F-135. This may be due to the fact that the RTV 655 is o methyl-
pheny! type, and the 77-024 is a dimethy! type, or more simply, beiter blending -
may have been required. F-141 was identical to F-119 plus boric acid. F-146 was
a combination of F=119 and F-141.. ) )

F-147 and F~149 contained L-2347, o non-reactive fluorinated diluent, to observe
its plasticizing action of the 77-024. (The viscosity of L~2347 is close to that of
water,) lts elemental analysis is as follows:

- Fluorine 71.6% by weight
Carbon 24.1% " "
Hydrogen 0.3% "
Oxygen ) 4,0% » ¢

The former cured, but F-149, also containing the standard 150 phr boric acid, resulted
in a powdery mass. F-163 could not be cured to a non-tacky state and it had very poor
cohesion. A series of formulations were attempted with various perfluorinated fluids
having different boiling poinis and viscosities. All appeared to cure to a non-tacky
but poor cohesive state. The two highest boiling point ones were selected for prelim-

- inary flammability specimens (F-168, =169 and -172).

The detailed cure cycles for all of these formulations are given in Table 25 of
Reference 6-11 arid in Table 6-61 of this report. Cured characieristics of those not
described in the above text are shown in Table 6-62. The preliminary flammability
test results for 94-516 and 77~024 are tabulated in Tables 6-63 and 6-64, respectively.

F-056 and F-108 bumed with no apparent difficulty, similar to the non-fluorinated
versions, (See Table 6-40). F~109 was likewise tested even though not adequately
cured, Two specimens tested af 6.2 psia were completely undamaged. A specimen
tested at the 60/40 environment (i.e. 60% oxygen + 40% nitrogen = 16.2 psia
oxygen) was only very slightly affected. One tested at 16.5 psia oxygen was
approximately 10% burnt at one end and 1-2% ai the other end. The specimen of
F-141 tested at 6.2 psia oxygen was completely charred. There were two obvious
differences between F-109 and ~141. The latter had half the quantity of boric acid
with respect to total polymer weight. Also, the 615 polymer probably has a similar
hydrogen content as the resular Sylgards. F~146 could not pass 6.2 psia oxygen.
F-163 and F-168 were only slighted degraded at 6,2 psia oxygen and in the 60/40
environment., F-169 had a little greater domage af 60/40, and the specimens were
found to have single longitudinal cracks from one end to_the other end aofter the test.

6~109



TABLE 6-61

FLUOROSILICONE (WITH CARBON BLACK) RTV: PHASE I

Cu;e (1)

- FORMULATION PROCESSING -

Post Cure
Formulation Time - Temp. Time Temp.
No. F- (hrs/min) (°T) "(hrs/min) (°F)
146-1A 2/45 150 - -
146-1B " " 2/15 150
147 /- " _— -
149 (See text) -- -
163 22/55 . 150 —— -
164 3/30 L —— -
165 3/~ u — —
166 -/40 u —— _
167 -/13 'fggi - -
168 17/25 " —— -
169 15/50 " - -
172 4/8 A - -

1. Time in mold
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TABLE 6-62

FLUOROSILICONE (WITH CARBON BLACK) RTV: PHASE I

CHARACTERISTICS
-CURED/POST CURED-

1. 180° bend (face-to-face contact)

Formulation

Properties 146-1A 146-1B 168 169 172
‘Cured- Y Y Y N Y
Tacky. N N N Y N
Flexible Y Y P Y F
Memory F F p p F
dohesion‘ P P p NG NG
Tear Resistance P P P NG Né
Crack Resistance (1) P, P NG NG NG
Crack Propagation (1) P p NG NG NG
Porous ‘ - - N N -
Adheres to unclean alum. -~ - : - _— -
Foil cup
Cheesy S S Y gummy Y
Yoou.. Yes VS..... Very Slight S..... Slight N
Xooo.n Satisfactory F..... Fair P..... Poor NG

Not Good
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TABLE 6-63

FLUOROSILICONE RTV 94-515
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

Specimen
056-1-1 056-1~1 05612
7 6.2 6.2
02 Pressure (psia) )
R | Wire lgnition (1} T/B T/B T
E | Wire Failure (1) T B T
s Smoke (2) — e N
Burn time  flame-out 2 51 53
U (sec.) (3) glow-out 2 54 55
L | Configuration (4) .Y N N
T Residve (%) (5) 100 60 70
S Melted (6) N N N
Color: exterior black white white
: inferior black black black
Exterior powder (6} N Y Y
Texture crusty {6) N Y Y
o Toeens Top Biveus Bottom
2. N...,None Sivees Some Pivess Profuse
3, Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No 6. Yesor No
5. Amount leff in (4) 7. Ambient pressure.air
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TABLE 6~64

FLUOROSILICONE (WITH CARBON BLACK) RTV: PHASE |

- PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimetil
08--I 1091~ [09-1-2 [09-2-1  109-2-I 109-[-I {091 109-2-]
. 6.2 6.2 6.2 6.2 g.72 Q.72 16.5 6.5

O, Pressure (psia) (60%) (60%)
Wire Ignition (1) /B T T/B B T/B T/B T/8 B
Wire Failure (I} T T T/B B T B T/B B
Smoke (2) S N N N N N N S
Burn time | flame~out 42 1.5 5.5 4 5 5 18 38

(setz.) (3)lg!ow—oui' 45 1.5 5.5 4 5 5 18 53
Configuration (4) N Y Y Y Y Y Y Y
Residue (%) (5) 60 {00 100 299 99 100 100 85
Melted (6) N N N N N N N N
Colori exferior black gray gray aray gray gray gray white

interior white " " " " . " ———

Exi‘eriorl powder (6) Y N N N N N N N
Texture | crusty (6) Y N N N N N N Y

. Toous. Top Bovuun Bottom '
2. N....None Seees.Some Peeeus Profuse
3. Zero time: start of specimen burning
4. Generally similar fo original specimen: Yes or No
5. Amount left in (4)
6, Yes or No



TABLE 6-64 (cont'd)

FLUOROSILICONE (WITH CARBON BLACK) RTV: PHASE I
PRELIMINARY FLAMMABILITY .

~ TEST CONDITIONS/RESULTS -

Specimen
109-2-2 {41-1B~1 [46-1B-] 163=]-1  163~~I 163-1-1 168-1-] 168-i-
O., Pressure (psia) 16,5 6.2- 6.2 6.2 9.72 165 6.2 2.72
2 P (60%) (60%)
R | Wire Ignition (1) /8 /8 /8 1/8 /B /B . T/B /8
E | Wire Failue (1) B T B T B B T T/B
S | Smoke (3) P S s N N P - N N
T U | Burn time | flame~out 57 47 50 I 12 51 5.5 5
= (sec.) (3) | glow-out 57 48 55 ] 12 5l 5.5 5
L
Configuration (4) Y Y Y Y Y Y Y Y
T - ' :
Residue (%) (5) 85 90 80 >99 399 85 399 >99
S a
Melted (6) N N N N N N N N
' Co]orl exterior white white white gray gray white ' gray gray
interior — black - -—— " e v "
Exferiorl powdery (6) N N N i“:l N N N N
Texture | crusty (6) Y Y Y N N Y N N
. T..... Top B..... Bottom
2. N....None See.esS0me P.....Profuse

3. Zero time: stari of specimen burning
4. Generally similarcto original specimen? Yesior No

5. Amount left in (4)
6., Yes or No



TABLE 6-64 (cont'd)
FLUOROSILICONE (WiTH CARBON BLACK) RTV: PHASE |
‘PRELIMINARY FLAMMABILITY
- TEST COND]TIONS/RESULTS -

Specimen
[68-]-1 1691~ [69-1-1  169-1-] 172~} {72-1-1 [72-1-i
. 16.5 5.2 9.72 6.5 6.2 9.72 6.5
O, Pressure (psia) (60%) (60%)
Wire Ignition (1) /8 /8 T/8 /8 /B — /8
Wire Failure (1) B T B T T/B —— B
Smoke (2) P N N P N S S
Burn time  flame-~out 49 5.5 15 54 4 80 45
(sec.) (3) glow-out 49 5.5 15 54 4 80 5l
Cenfiguration (4) Y Y Y Y Y Y Y
Residue (%) (5) 80 >% 99 85 399 85 85
Melted (6) N N N N N N N
Color: exterior white gray gray white gray white white
: interior black N " e " —_—— . =
Exterior powdery (6) N N N N N N N
Texture crusty (6) Y N N Y N Y Y
o ThiseoTop Bivuoo Bottom
. N.....None SevsssSome P.....Profuse

. Zero time: stark of specimen burning

. Generally similar fo original specimen: Yes or No
. Amouni left in (4)
. Yes or No

Ovn B WA —



(Probably due to use of the defective 77-024 caialyst.) When the FC~43 of F-168
was replaced by FC-75 (F-172), the usage limit was unquestionably 6.2 psia oxygen.

6.3.1.2 Phase Il: Acceptable Catalyst - Upon receipt of the "proper" 77-024
catalyst, reformulation (see Table 6-65) and festing was instituted. Processing data
and cured characteristics are reported in Tables 6-66 and 6-67, respectively.

The curing ability of the new catalyst was checked on two separate occasions (F-171
and F-210) by two different members of the Furane laboratory staff, The cure schedule
also differed in each case. There were no cure difficulties observed in either test.

It is seen from Table 6-67 that reducing the recommended catalyst concentration
(F-170) by 30% (F-174) caused observable deterioration in mechanical properties
when 150 phr boric acid was added to the base material, Reducing the boric acid
to 125 phr (F-175) improved these properties.

A phosphonitrilic chloride resin, PH 990, was tried as a flame retardant. It was
impossible to blend the mixfure until the quantity of PH 990 was reduced to 75 phr.
Internal inhibition seemed to prevent a good cure of F-181. Cyclic phosphoniirilic
chloride resulted in a better cure (F-180). When a smaller particle size was used
(F-184), the mechanical properties improved, However, stored preliminary flamma-
bility specimens showed corrosion of the copper wires.

Antimony oxychloride was then added fo the 77-024 (F-209-1). The 2.60 gm. of
blend was cured in an aluminum dish with no tack. Preliminary flammability and
strip specimens (F-209-2) were then prepared. The sirip appeared o be almost as
well cured (very slight tack) as F-209-1. However, the flemmability specimens
were almost fluid at the bottom half of each specimen while the fop half was similar
to the strips. Some form of inhibition had evidenraly occurred. An additional post
cure was then attempted, but it made no apparent difference.

A series of formulations was then prepared with various inorganic compounds con-
taining boron and/or fluorine. F-188 wos hygroscopic and did not cure, F-186,

~183, and -189 also did not cure. F-187 readily cured, but the flammability and
strip test specimens fended to fall apart.

As seen in Table 6-68, the only formulations of this section which had any significant
flammability resistance were those which confained boric acid. At a level of 150 phr,
one out of two specimens survived af 16.5 psia oxygen. At a level of 125 phr, the
fimit was closer to the 60/40 environment.

6.3.1.3 Diluents - At this point, it was deemed advisable to try reducing the
viscosities of the 77-024 with various perfluorinated and halogencted fluids. These
were selected from the Krytox and Freon product lines of DuPont because of their
availability, 3M's perfluorinated fluids had significantly lower boiling points, It
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TABLE 6-65

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES: PHASE II

Formulations (phr)

FAS

Component 5 171 210 170 174 175 175X 181 180 184 209
77=024 i2 100, 100. 100, 100. 100. 100. 100. 106. 100. 160.
Boric Acid (1) 2 150. 150. 125. 125.

PH 9806 (2) 31 75.

Cyclic PNC1, 31 i150. 7

Cyclic PNC1ly (1) 31 150.

ShOClL 30 150.
77-024 Catalyst 12 10. 10. 10. 7. 7. 10. 10. 10. i0. 10.
12 S Source (See Table &-~1)

"1l. 100% through 170 mesh
2. Phosphonitrilic resin prepolymer
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FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES:

TABLE 6-65 (cont'd)

Formulations {(phr)

Component s| 185 188 186 187 183 189
77-021 12| 100. 100. 100. 100. 100.  100.
CayBy 29| 150.

CaBF 29 150.

CaSiFg « 2H,0 29 150.

MgTiFg 29 150.

SbFj 29 150,

77-024 Catalyst 12 10. 10. 10. 10. 10. 10.

Sevenn Source (see Table 6-1)

r

PHASE IT



TABLE 6-66

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES: PHASE IT

- FORMULATION PROCESSING -

) . Cure (1) . Post Cure
Formulation Time Temp. Time Temp .
No. F- (hrs/min) (°F) (hrs/min) (°F)
171 ~/183 150 - -
210 4/20 " - -
170 i/~ " _— --
174 17720 " - -z
175 15/45 L — _—
175X 7/~ " —_ . ———
181 4n/20 1 ’ - -
180 11/35 " - -
184 15/45 " - -
209-1 . 42720 " - -
208-2 8/30 n 8/30 150
185 1/20 " 3/50 "
188 4 mo. n - _—
186 28/ " - -
187-1 2/20 " - —_
187-2 87/ub i - -
183 24 /- " —_— -
189 87/08 " c -

1. Time in mold

6-119
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TABLE 6-67

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES: PHASE II
CHARACTERISTICS

-CURED/POST CURED-

Formulation

Properties 171 210 170 174 175 180 184 209-2 185 187-2
Cured Y Y Y Y Y Y Y Y Y Y
Tacky N N N N N N VS VS N N
'Flexible Y Y S Y Y Y Y Y Y Y
Memory Y Y S p P E F Y Y P
Cohesion F X P P p P F F P P
Tear Resistance F P P NG P P P F P P
Crack Resistance (1) X X - P NG | P P X X P P
Crack Propagation (1) X P P NG P P X F P P
Porous | - Y - N N Y - - - Y
Adheres to unclean alum. S N{2) N P N - - - - -
Foil cup ,
Cheesy N N S Y S N N N N Y
Yo.... Yes VS..... Very Slight S, Slight N..... No
b G Satisfactory Foooun Fair P.o.... Poor NG..... Not Good

1. 180° bend (face-to-face contact)
2. Room temperature cure.



TABLE 6-68
FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES: PHASE 1
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
210-1-1 210-1-1 210-]-2 2i0-(-1 170-I- [70-1-1 170-1-Y  170-1-2 |74-1-] |74-1-] 174-1-1
. (7) 6.2 6.2 ?.72 6,2 9.72 16,5 6.5 6.2 @.72 6.5

Oy Pressure (psia) (60%) (60%) (60%)
Wire Ignition (1) T/B T/B T/B /B T/B T/B T/B T/B T/B . 1/B T/B
Wire Failure (I) T -— /8 —_— B B B T/B T B r B
Smoke (2) S N N N N N 5 N NN S
Burn time |flome-out 121 4] 48 50 5.2 5 40 [0 8 6 40

(sec.) (3)|glow-out (21 41 48 55 5.2 5 53 o 8 6 47
Configuration (4) Y N N N Y Y Y Y Y Y LY
Residue (%) (5) 90 90 0 80 299 >99 85 %99 )99 599 90
Melted (6) N N N N N N N N N N N
Coiori exterior gray black  gray gray gray gray white gray gray gray white

interior " —— —— _— L n gray ———m I " —

Exterior | powdery (6} Y Y Y Y N N N N N N N
Texture | crusty (5) Y Y Y Y N N Y Y N N Y

I T..... Top Bovonn Bottom
2. N....None Sevens Some Poveus Profuse
3. Zero time: starf of specimen burning
4. Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yesor No
7. Ambient.pressure air
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TABLE 468 (coni'd)

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH ADDITIVES: PHASE I

PRELIMINARY FLAMMABILITY
#~1TEST CONDITIONS/RESULTS =

Specimen
175-1-1 175-1-1 175-1-1  18i-|-I 180-1-1 |84~]-] 185-1-I 186-~1-1 {87-2-1
. 6.2 9.72  16.5 6.2 6.2 6.2 6.2 6.2 6.2
Oy Pressure (psia) (60%)
Wire Ignition (1) /B T/8  T/B /B /B /B T /B /B
Wire Failure (1) T/B T/B B T T/B T T — B
Smoke (2} N N P . P P P s . .N N
Burn time |flame-out 5 15 41 55 74 36 70 0 56
(sec.) (3)|glow-out 5 15 41 60 74 36 110 0 56
Configuration (4) Y Y Y N Y Y Y N N
Residue (%) (5) 99 >99 80 0 85 75 80 0 0
Melted (6) N N N Y N N N Y N
Color} exferior gray gray white black white whi/blk  black’ gray gray
interior i n ——— 1 —_—— ——— —— 1 it
Exterior | powdery (6) N N N Y 'Y N N N Y
Texture | crusty (6) N N Y Y Y Y Y N N
R P Top B..... Bottom
. N....None S.....S50ome P.....Profuse

. Zero time: start of specimen burning

. Amount left in (4)
. Yesor No

!
2
3
4, Generally similar to original specimen: Yes or No
5
6



is seen from Table 6-69 thet the diluents were generally added af a 20 phr [evel.
F~192 cured (see Table 6~70) to a flexible non-tacky of -greasy state (see Table
6-7¥) F-200, confaining 150 phr of the same fluid, K-143 AC, cured to a flexible
structure which was very oily and porous. In fact, fluid separation was noted,
F-193, -194, -195 also cured to flexible structures, Of these, only F~195 had any
noticeable greasy "feel." it also had the lowest boiling range (i.e. 289-365°F

at 0.8 mm Hg.). !t was therefore deleted from further consideration herein.

The remaining formulations in this section also contained the standard 150 phr
boric acid. F~196, =198, and -199 varied in quantity of K-143 AC, Cured F-19?
was quite oily. The Freon ones had even worse mechanical properties, but were

. not oily.

The flammability results with F-196, ~198, ~197, =177, or -178 did not appear fo
differ from thot obtained with no diluenr (see F~170 of Table 6-68). F-199, con-
taining 100 phr K-143 AC, showed at 16.5 psia oxygen, no effect with one specimen,
and oily slight degradation with a second one (see Table 6-72),

6.3.1.4 Carriers Loaded with Flame Retardant Liquids — |t was determined from the
proceeding section that adding the diluents at a 20 phr level did not significantly
reduce the viscosity enough, but did deteriorate the mechanical properties, and
generally acted as an infernal release agent {preventing adhesion fo the wires).

But the apparent improvement in flame refardation af a 100 phr fevel could also not
be ignored. In order to achieve the latter benefits without the aforementioned
penalties, some of the diluents were combined with molecular sieves {see Table
6-73) prior to addition to the polymer (see Table 6-74). ’

77-024 cured (see Table 6~75) normally with only 25 phr of the molecular sieves
(F-191). However, 150 phr resulted in a dry powdery condition (F-190). F-232
had a slightly oily surface, but F-233 had a noticeable separation of liquid from
the cured polymer. [t was not possible t1 incorporate 100 phr of F~227 info the
polymer due to its effect upon the viscosity. It was then arbitrarily reduced to 50
phr. There was then no blending problem (F-229), The difficulty wes atiributed
to the very volatile nature of the Freon 114-B2 (i.e. leaving only molecular sieves
in F-227). F-228 also cured, but Freon E~-9 separated out.

A comparison of water loaded sieves with a water treated glass frit was made with
F-224 and F-182, respectively. The latter evidenced somewhat better mechanical
properties (see Table 6~76) than the sieve ones, even with a 150 phr loading.
However, it readily burned in 6.2 psia oxygen (see Table 6-77),

Boric acid was added to the Krytox 143 AC loaded sieve formulations F-232 and
F-233. It was also used with F=236 which has a lower conceniration of the Krytox.
The resultant flemmability specimens survived the 60/40 environment but F-234 also
withstood 16,5 psia oxygen. F-235 almost started to burn and had well defined surface

6-123
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TABLE 4-49

FLUOROSTLICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT AND/OR NON-REACTIVE DILUENTS

Component

192

200 193

194

Formulations (phr)

195 196

198

199

197

176

177

178

77-02u

Boric Acid (1)

Xrytox 143 AC
Krytox 143 AD
Krytox 143 AX
Krytox 143 AZ
Freon 114-B2
Freon TF
Freon E-9

77024 Catalyst

12

— e s areat et e —d

12

100.

20.

10.

So .5 .SOULI"Ce (See Table 6_1)
1. 100% through 170 mesh

100. 100.

150.

20.

10. i10.

i00.

20.

10.

100. 100.

150.

20!

20.

10. 10.

100.
150.

LO.

10.

100.

150.

i00.

10.

100.
i50.

20.

10.

100.

150.

20.

. 10.

100.
150.

20.

10.

i00.
150.

20.

10.



TABLE 6~70

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT AND/OR
NON~REACTIVE DILUENTS

- TORMULATION PROCESSING -

éure (1) "Post Cure

Formulation Time Temp. Time Temp.
No. F- (hyrs/min) (°F) (hrs/min) (°r)
192 ~/61 150 - T
200\ 16/32 " - —-=
193 -/36 " - -
194 ~/ 3k " - -
195 -/41 n - -
196 18/10 " — -
198 1/~ " 17/14. 150
199 17/55 " - -
187 16/50 " - -
176 H6/32 " - -
177 Lu45/u5 o - -
178 Luy/- " -- -

1. Time in mold
6-125
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TABLE 6-~71

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT AND/OR NON-REACTIVE DILUENTS
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 196 198 199 197 176 177 178
Cured Y Y Y Y Y Y Y
Tacky N N(2) N{2) N N N N
Flexible Y Y Y Y F F F
Memory Y F Y Y ¥ F F
Cohesion . P P P P P P P
Tear Resistance P P P P P P NG
Crack Resistance (1) P F P P NG NG NG
Crack Propagation (1) P P P P NG NG NG
Porous Y Y Y N - - S
Adheres to unclean alum. P - P - N N N
Foil cup
Cheesy | "8 N N Y S ) S
Y.oo... Yes VS..... Very Slight S.....81ight N.....No
X.....Satisfactory F..... Fair P..... Poor NG..... Not Good

1. 180° bend (face-to-face contact)
2. Slight oily film on surface of strip mold



FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT AND/OR NON-REACTIVE DILUENTS

TABLE 6-72 ...

PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS -

S;:;ecimen
19611 [96~1~1 196-1- 198-I- 198~ 198-1- 199-1-1  199-1-1
. 6.2 9.72 16.5 6.2 2.72 6.5 6.2 2.72

O9 Pressure (psia) (60%) (60%) (60%)
Wire Ignition (1) T/B T/B T/B /B /B /8 T T/B
Wire Failure (1) T B B T B B T /B
Smoke (2) N N P N N «i P N N
Burn time |flome-out 4 5 64 4 5 52 | 5

(sec.) (3)glow-out 4 5 64 4 5 52 | 5
Configuration (4) Y Y Y Y Y Y Y Y
Residue (%) (5) 399 > 99 90 > 99 > 99 70 >99 >99
Melted (6) N N N N N N N N
Colory exterior gray gray white gray gray white gray gray

[ interior s —_— e " " —— "

Exterior l.powdery (6) N N N N N N N N
Texture | crusty (6) N N Y N N Y N N
fo Toeus. Top Bevare Bottom
2. N....None Sevann Some P.....Profuse
3. Zero time: start of specimen burning
4, Generally similar to original specimen: Yes or No

5. Amount left in (4)
6. Yesor No



FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT AND/OR NON-REACTIVE DILUENTS

TABLE 6-72 (cont'd)

PRELIMINARY FLAMMABILITY

- TEST CONDITIONS/RESULTS -

LIS WN —

Specimen
[99-1- 199-1-2 197-1-1 197-1-1 1971 [97-1-2 176-1-1  176-|-|
O, Pressure (psia) 16.5 (6.5 6.2 (9{”012) 6.5 16.5 6.2 (zoz/’f)
Wire Ignition (1) /B /8 T/8 /B /B /8 /8 /8
Wire Failure (1) T 1/8 B B T/B B T B
Smoke (2) N N N N N P N N
Burh time | flome~out 9 22 6 4 5 45 3 6
(sec.) (3)| glow=~out 9 22 6 4 5 56 3 6
Configuration {4) Y Y Y Y Y Y Y Y
Residue (%) (5) 399 95 399 L399 99 80 >99 399
Melted (6) N N N N N N N N
Co!orl exferior grcy. gray/wht gray gray gray white gray gray
interior n — — — I gray u u
Exferiorl powdery (6) N N N N N N | N L N
Texture | crusty (6) N Y N N . N Y N N
Tewrne Top 1 Bottom
N....None Seeens Some Pooons Profuse

Amount left in (4)
Yes or No

Zero time: start of specimen burning
Generally similar to original specimen: Yes or No



TABLE 6-72 (cont'd)
FLUOROSILICONE (WITH CARBON BLACK) RTY WIiTH FLAME RETARDANT AND/OR NON-REACTIVE DILUENTS
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS ~

Specimen
176~[-1 177511 177-1-1 177-1-1 [77-1-2 178-1-1 [78-1-1  178-]-1
. 16.5 6.2 9.72 16.5 6.5 6,2 9.72 16.5

O2 Pressure (psia) " (60%) (60%)
Wire Ignition (1) B /B 1/B T/B T/B LT T/B T/B
Wire Failure {I) B T /B T/B B T B /B
Smoke {2) S N ' N N S « N N N
Burn time | flame-out 43 3 5 12 56 1.5 22 35

(sec.) (3) glow-out 43 3 5 12 56 .5 22 35
Configuration (4) ' Y Y Y Y Y Y Y Y
Residue (%) (5) 85 299 P99 299 85 299 299 95
Melied (6) . N N N N N N N N
Color} exterior - white gray gray gray white - gray gray gray/wht

interior ——— " ! —— —— ! ! -

Exterior | powdery (6) N N N N N N N N
Texture | crusty (6} Y N N N Y N N Y

f. Toou. Top B.....Bottom .
2. N....None S..0v..S0me Peveas Profuse
3. Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yesor No
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TABLE 6~73

FLAME RETARDANT LIQUIDS ON NONFLAMMABLE CARRIERS

Formulations {(phy)

Component S 236 231 227 226 225 179 231X
Mol. Sieves 13X 8 100. 100, 100. 100, 100. i00.
Glass Frit 75740 21 100.

Krytox 143 AC i 200. 298, 300.
Freon 114-B2 i 29,

Freon E-9 i “w372.

Distilled Water (1) {32 25. excess
S......80urce (See Tableb-1)

1. Ozone-free
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FLUOROSILICONE {(WITH CARBON BLACK) RTV WITH FLAME RETARDANT LIQUIDS/CARRIERS

TABLE 674

Formulations (phr)

1.
2.

100% through 170 mesh
See Table 6-73

Component Si 191 190 232 233 229 228 2724 182 230 234 235 230X
77~020 2 160. 2100. 100. 2100. 100, 100. 100. 100, 100. 100. 100. 100.
Boriec Acid (1) 9 150. 150, 150. 150.
Mol. Sieves 13X 8 25. 150.

231 (2) 13 100. 150. 10C. 150.

227 (2) 13 50.

226 (2) 13 100.

225 (2) 13 50.

179 (2) 13 150.

236 (2) 13 150.

231% (2 13 100.
77-024 Catalyst 12 10. 10. 10. 10. 10. 10. 10. 10. 1C. 10. 10. .. 10.
.8......850urce (See Table 6-1)



TABLE 6-75

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH TLAME RETARDANT
LIQUIDS/CARRIERS

- FORMULATION PROCESSING -

Cure (1) . "Post Cure

Formulation Time Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
181 68/u5 150 - e
190 71/15 n - —-—
232 1/- n - --
233 16/20 " - -
229 ~-/21 i - -
228 /21 " -- -
224 1/17 n . i —_—
182 15/50 " - -
230 65/03 " - -
23Y 15/u5 n -- -~
235 h/- " - -
230X 9/- " - -

1. Time in mold
6-132
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TABLE 6-76

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT LIQUIDS/CARRIERS
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 232 233 229 228 224 182 230 234 235
Cured Y Y Y Y Y Y Y Y, Y
Tacky @  (3) N (3) N N (33 (3 (3
Flexible Y Y Y Y Y Y Y Y Y
Memory Y Y Y Y Y Y F Y Y
Cohesion F F B F F F NG NG NG
Tear Resistance F F F F F X NG NG NG
Crack Resistance (1) - P - - - X NG NG+ NG
Crack Propagation (1) - - p - - - X NG NG NG
Porous Y Y Y - Y Y Y N Y
Adheres to unclean alum. F - P F F - P(2) NG -
Foil cup
' Cheesy ' N N N N N N S Y Y
Y..... Yes VS..... Very Slight S..... Slight N..... No
D QR Satisfactory Fooo.. Fair P..... Poor NG..... Not Good

1. 180° bend (face-to-face contact)

2. "Room Temperature Cure
3. 0ily



TABLE 6-77

FLUOROSILICONE (WITH CARBON BLACK) RTV WITH FLAME RETARDANT LIQUIDS/CARRIERS

PRELIMINARY FLAMMABILITY

~ TEST CONDITIONS/RESULTS -

Specimen
[82-1~I 230-1-1 230-I-1 230-I-1 234-1 '  234-| 234~ 234~} 235-1-1  235-I-i —235—|-l‘
Oy Pressure (psic) 5.2 6.2 9.2 165 8.2 972 163 165 .2 9.72  16.5
(60%) (60%) : (60%)

Wire Ignition (1) 8 /3 T8 1/ /8 T T /8 /8 T /8
Wire Failure (1) T T T T T/B T T T T T B
Smoke (2) S N N S N N N N . N N N
Burn fime | flame~out | 40 3 4 55 4 0 0 0 4 2 9

{sec.) (3)] glow-out 47 3 4 78 4 0 0 0 4 2 9
Configuration (4) Y Y Y Y Y Y Y Y Y Y Y
Residue (%) (5) 80 )99 399 90 399 »99 399 399 >99 299 399

~ i
Melted (6) N N N N N N N N N N N
Colori exterior white  gray gray whi/blk  gray gray gray gray gray gray | gray
interior —— e~ —— e e -—— —_— ——— —— — -—

Exterior| powdery (6) N N N N N N N N N N N
Texture | crusty (6) Y N N Y N N N N N N N
(R RN Top B.....Botfom
2. N....None Seee..Some Peeuns Profuse
3. Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yesor No




cracks in the molded specimens. It is seen in Table 6~76 that all of these boric
acid formulations had very poor mechanical properties,

6.3.2 Fluorosilicone RTV's With No Carbon Black

When the Proieci: received 77-033, the "unfilled" version of 77024, it appeared to
have a white filler which was believed to be silica.

6.3.2.1 Inorganic Flame Refardants - Initial formulation (see’ Toble 6-78) was
with the unmodified 77-033 to establish the usual base-line characteristics (F-241

- and F-268)., F-242 contained the standard 150 phr of boric acid, and F-378 had
125 phr. A series of formulations was then prepared to evaluate a) usefulness of o
soda lime (no lead) optical crown glass as a fire retardant, b) effect of particle
size on viscosity, and ¢) effect of particle size and shape on flexibility, Spherical
glass beads (see Table 6-79) were used in this phase.

TABLE 6~79
GLASS SHOT
; Softening Point,

Grade Micron Range (°F} Approx.
MSP 500-250 1200
MSH 250-149 "
MSM 149-74 "
MSL 74-44 "
1.65 Ri 590-297 1300-1400
1.91 RI {812} 177-125 1400

No discemible advantage in any of the evaluated areas were evidenced by the glass
shot, In fact, a small amount added fo a boric acid system (F-263) seemed fo increcse
the burning.

No cure (see Table 6~80) was obtained with ammonium carbonate (F-264) or ammonium
silicafluoride (F-267). The ferric phosphate, FePO4.4H20, used for F~441 apparently
had foo small a particle size fo maintain any fluidity in the blend. The remaining
fluorinated compounds shown in Table 6-78 readily cured (see Table 6-81).

Boric acid contains 43.70% water (Ref, 6~27) and the XPI-158 (i.e. hydrated zinc
borate) used in previous formulations for this Project is reported (Ref. 6-28) to have
13.80-15.21%. Another zinc borate, ZB-237, containing the same proportion of
zinc oxide fo beric acid, but having 25,35% water, (Ref. 6~28) was obtained and
formulated with 77-033 (F-384), Due to its fine particle size, only 90.4 phr could
be added. The mechanical properiies weite quite poor and the 6.2 psia oxygen
specimen was completely burnt (see Table 6-82),

6-135


http:13.80-15.21

9C1-9

FLUOROSTLICONE RTV'S WITH INORGANIC ADDITIVES

TABLE 6-78

Formulations (phr)

Component S 241 268 242 257 258 258 260 261  2B2 263 378
77-033 12! 100. 100. 100, 100. 100. 106. 100. 100. 100. 1600. 100.
Boric Acid (1) 9 150. 125, 125.
Glass Shot-MSP (2) 33 150.

Glass Shot-MSH (2) 33 150.

Glass Shot-MSM (2) 33 150.

Glass Shot-MSL (2) 33 150. 25.

Glass Shot-1.65 RI (2) |33 150.

Glass Shot-812:1.91RI (2)[33 150.

77-033 Catalyst 12 10. 10. . 10. 10. 10. 10. 10, 10. 6.  10.  10.

Sive...80urce (See Table 6-1)

1. 100% through 170 mesh

d2. See Table
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TABLE 6-78 (cont'd)

FLUOROSILICONE RIV'S WITH INORGANIC ADDITIVES

Formulations {(phr)

Component S 264 265 2686 267 355 356 384 389 18Ty
77-033 12 160. 1o060. 1o00. 106. 106. 2100. 100. 100. 100.
Ammonium carbonate (3) 351 150.
Aluminum sodium silico-
Fluoride 36 150.
Ammonium fluoborate 37 . 150,
Ammonium silicafluoride 38 150.
Potassium fluoborate 10 150.
Potassium fluophosphate 10 150.
4ZB~237 (4) 39 90.4
PHOS-CHECK P/30R (5) 40 150.
Ferric phosphate —— 150.

3. U.S8.P. grade
4. Zinc borate
5.

Ammonium polyphosphate
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TABLE 6-80

FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES

-~ FORMULATION PROCESSING -

Cure (1) ] Post Cure
Formulation Time Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)

241 18/27 150 -- -
268 15/50 n - -
242 17/45 " - -
257 22/29 " - -
258 22/15 u - -—
259 21/55 n - -
260-1 21/30 " - -
260=-2 4/20 " —— -
261 21/01 " - -
262 20/25 " - --
263 15/52 " - -
378 2/~ " 22/~ 150
264 16/05 " - -
265 2/30 n 17/10 150
266 1/35 w " "

267 16/25 " - -=
355 2/~ " - -
356 2/30 " - -
384 18/~ " - i
389 1/40 L 22/~ 150
4y3 (See text) —— , -

1. Time in mold
6-138
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TABLE 6-81

FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 241 268 242 257 258 259 260-1 260-2 261
Cured Y b Y Y Y Y Y Y Y
Tacky Y S N N N N N N N
Flexible Y Y Y Y Y Y Y Lo Y Y
Memory Y Y E ~ - - - Y -
Cohesion F X P - - - - F -
Tear Resistance F X P - - - - F -
Crack Resistance (1) F X P - - - - F -
Crack Propagation (1) F X P - - - - I3 -
Porous ' Y Y N - - - - N -
Adheres to unclean alum. F F F X X X X F E
Foil cup )
.Cheesy N N N N N N N N N
Y.oo... Yes VS.....Very Slight S.vvnn Slight N.o.oouo No
Xooo.. Satisfactory F.....Fair P.....Poorx NG..... Not Good

1. 180° bend (face-to-face contact) -
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TABLE 6-81 (cont'd)
FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES
CHARACTERISTICS

-CURED/POST CURED-

Formulation
Properties 262 263 265 266 355 356 384 389
Cured Y Y Y Y Y Y Y Y
Tacky N N S N Vs VS N N
Flexible Y Y Y Y Y Y Y Y
Memory - Y. Y Y Y Y Y Y
Cohesion - P P F P F P NG
Tear Resistance - P P F P P p NG
Crack Resistance (1) - P P X X X NG NG
Crack Propagation (1) - P P X X X NG NG
JPorous - N N N N N N -
Adheres to unclean alum. F P F F - - - -
Foil Cup
Chegsy N S N N N - N S
Y..... Yes ¥S..... Very Slight S.euo.n, Slight N..... No
Xoveun Satisfactory F.....Fair P..... Poor NG..... Not Good

1. 180° bend (face-to-face contact)



TABLE 6-82
FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
241 -1~ 241 -1 268-I1-I 268-1-2 242-1-} 242-1-| 242-1-
. ' (7) 6.2 (7) (7) 6.2 9.72 6.5
O5 Pressure (psia) (60%)
Wire Ignition (i) T /B T/B T/B T T T/8
Wire Failure (1) T B B /8B T T T/B
Smoke (2) N N S N N . N N
Burn time |flame-out 0 34 [0l 80 ] 3 15
(sec.) (3)iglow-out 0 34 [0} 80 { 3 21
Configuration (4) Y N Y Y Y Y Y
Residue (%) (5) (00 75 90 90 99 ' 99 95
Melted (6) N N N N N N N
Colorz exterior . white wht/gray brn/wht gray . white " white whi/gray
interior " — ——— - —— ——— -
Exterior{ powdery (6) N N Y Y N N ' N
Texture ] crusty (6) N Y Y Y N N Y
S TR Top B..... Bottom
. N....None S.eve.Some Povenn Profuse

I
2
3. Zero time: start of specimen burning

4. Generally similar o original specimen: Yes or No
5. Amount left in (4)

6

7

. Yesor No
mbient pressure air
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TABLE 6-82 (coni'd)

FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -~

Specimen
242-1-2 260-2~ 260-2-2 260-2-1 263-1-1 263-1-1

O9 Pressure {psia) 165 ) 7 o §.2 (96.0?32)
Wire Ignition (1) T/B T/B T/8 T/B T/B T/8
Wire Failure {I) B B T T T B
Smoke (2) P N N N S. P
Burn time | flame~out 48 0 3 37 56 60

(sec.) (3){ glow=out 5] 0 3] 37 56 60
Configuration (4) Y Y Y Y Y Y
Residue (%) (5) 85 99 90 99 85 75
Melted (6) N N N N N N
Colory exterior wht/blk white whi/blk white wht/blk wht/blk

I interior - - — — ——— —
Exterior | powdery (6) N N N N N N
Texture | crusty (6) Y N N N Y Y
AT S Top B..... Boitom

2. N....None Sivesn Some Pieeus Profuse
3. Zero time: start of specimen burning
4, Generally similar o original specimen: Yes or No
5. Amount left in (4)
6. Yesor No
7. Ambient pressure air



TABLE ‘ 6-82 (cont'd)

FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY

~ TEST CONDITIONS/RESULTS ~

Specimen
265-1B~l = 266-{B-1 266~IB~I 266~IB-2  266~1B-| 355-}-1 355-i-1

O, p ] 6.2 6.2 Q.72 9.72 [6.5 6.2 9.72

2 Pressure (psia) (60%) (60%) (60%)
Wire Ignition (I) T/B 1/8 T/B B T/B ——— /8B
Wire Failure (1) T/B B T B T/B B B
Smoke (2) N N N N p N 5
Burn time | flame~out 51 10 4 5 ~ 105 0 43

(sec.) (3){ glow-out 5] 10 4 5 ~ {05 0 43
Configuration (4) Y Y Y Y N Y N
Residue (%) (5) 0 >99 399 100 0 100 0
Melted (6) N N N N N N @) .
Co[o}' exterior —— white white white —-— < white blk/wl';f

l interior ——— — —_— . T " "

Exterior | powdery {6) ——- N N N -— N Y
Texture | crusty (6) e N N N e N Y

Io Teavnn Top B.....Botiom
2. N....Neone S.eea.Some Pov...Profuse
3. Zero time: start of specimen burning
4, Generally similar to original specimen: Yes or No
5. Amount left in (4)
6. Yesor No

7. Ambient pressure air

8. Specimen fell off wire at end of fest
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TABLE 682 {cont'd)

FLUOROSILICONE RTV'S WITH INORGANIC ADDITIVES

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS ~

. Zero time: start of specimen burning

I,

2

3

4, Generally similar to original specimen: Yes or No
5. Amount left in (4)
6
7.
8.

. Yesor No

Ambient pressure air

Specimen fell off wire at end of test

Specimen
356~1-1 356~[~| 384-]~I 389-1-1 389-[-1 389-[-2
On P . 6.2 9.72 6.2 6.2 9.72 9.72
7 Pressure (psia) (60%) (60%) (60%)
R | Wire Ignition (I} T /B T/B T/B T/B T/B
E | Wire Failure (1) T T T T T/B B
S | Smoke (2) N S S S S P
U { Burn time |flame-out 0 38 58 25 67 45
(sec.) (3} | glow-out 0 38 58 25 67 45
L
Configuration (4) Y N Y Y Y N
T
Residue (%) (5) {00 0 95 95 70 I5
S
Melted (6) N (8) N N N Y
Colo‘rI exierior white blk/wht white white white white
inferior " " black black black black
Exterior | powdery (6) N Y N N N N
Texture |ecrusty (6) N Y Y Y Y Y
Toous. Top B.....Bottom
N....None S.e....50me Povuns Profuse



Alihough both mono~ and ¢i~ammonium phosphate were evaluated in preceding
sections of this Program and found to be unsatisfactory, @ related compound,
Phoschek P/30 Regular, an ammonium polyphosphate, was tested with 77-033
(F-389) since it was alleged by the vendor that it had greater phosphorous con—
tent (i.e. 32%), very low water solubility, and ah almost neutral PH (i.e. 6.5),
The resultant product had an extremely high viscosity and very bad mechanical
properties. In addition, the 6.2 psia flammability specimen was quite degraded.

Other than the boric acid loaded 77-033 (F-242), the ammonium fluoborate
formulation (F~266) was the only one to survive the 60/40 environment (i.e. 2
undamaged specimens out of 2 fests). However, unlike F-242, no success was
obtained at 16.5 psia oxygen. But two compensating facrors were of considerable
interest, The viscosity of F=266 was noticeably lower and its mechanical properties
were significently better than that of F-242,

6.3.2.2 Organic Flame Retardants - Various organic compounds which had low
carbon.and hydrogen, and which also contained halogens, were investigated in
conjunction with 77-033 (see Table 6~83). KEL-F KF-6061 powder was efched
per MSC~-SPEC-Q-3 (Ref, Appendix F) prior to formulation blending in order to
obtain better adhesion to the polymer (F-283). When the KEL-F was also ground
prior to curing (see Table 6-84), the resultant strip molding F-296) had even better
mechanical properties (see Table 6-85).

F-385 and F-386 were formulated with an organometallic polymer which coniains
zinc, phosphorus and antimony. Neither cured and both were white on the surface
and black on the bottom of the aluminum molding dish. The apparent problem of
inhibition/side reaction was checked with the 77-033 base (F-390) and with boric
acid (F-391). The appearance was only white and the systems remained uncured,
From this it was assumed that the catalyst and ZB-5$10 entered into some unknown
side reaction,

A series of formulations were made with Dechlorane 602, 603, and 604, Unlike

boric acid, they are essentially insensitive fo moisture, and have higher melting
points. Other periinent properties are tabulated in Table 6-86.

6-145
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FLUORCSILICONE RTV'S WITH ORGANIC ADDITIVES

TABLE 6-83

Formulations (phr)

Do G N O

Component S 283 296 385 386 380 391 L4 2 388 L43 454 387
77-033 121 100. 100. 2100. 100. 100. 100. 100. 100. 100. 100,
KEL-F KF-6061 (1) 2 150.

KEL-F KF-6061 (2) 2 150.

PYROSTAT ZBS10 (3) 34 150. 150. 150.

PYROSTAT ZBS10 (4) 34 150.

Boric acid (5) 17 150.

FIREMASTER BP-6 (8) 28 150.

DECHLORANE 602 16 150. 150.

DECHLORANE 603 16 150.
DECHLORANE 604 16 150,
77-033 Catalyst 12 10, 10. 10. 10. 10. 10. 10. 10. 10.

Pre-«etched

Low viscosity
High viscosity

. « a = .

Pre-etched and ground

¢ vsss30urce (See Table 6-1)

"Special Quality", milled
. Hexabromobiphenyl



TABLE 6-84

FLUOROSILICONE RTV'S WITH ORGANIC ADDITIVES

-~ FORMULATION PROCESSING -

Cure (1) Post Cure

Formulation - - Time Temp. ~ Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
283 17715 150 - -
296 /- v - .
385 . 26/30 " - -
386 25/ - n - _—
390 26/~ " - -
391 25/30 W - -
Lu2A | 1/10 n —_ -
4428 " " 13/50 * 150
388 2/~ " 18/u5 "
LUY3A 2/10 " — -
L4 3B " " i3/— 150
387 2/~ n 21740 "

1. Time in mold
6-147
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TABLE 6-85

FLUOROSILICONE RTV'S WITH ORGANIC ADDITIVES
~ CHARACTERISTICS

-CURED/POST CURED-~

Formulation
Properties 283 296 442A | 4428 388 443A 4438 387-2.
Cured Y Y Y Y Y Y Y . Y
Tacky N S Vs N Vs N N VS
Flexible Y Y Y Y Y Y Yy .Y
Memory Y Y Y Y Y F F Y
Cohesion F B P P P P <P P
Tear Resistance F F P P P P P P
Crack Resistance (1) F X. X X X X X X
Crack Propagation (1) F X X X X X X X
‘Porous N N S S N S s X
Adheres to unclean alum. P P - - F - - N
Foil cup
Cheesy ‘ N(2) N(2) N(2) N(2) N N N N
Y..... Yes VS..... Very Slight S Slight N..... No
Xeoonn Satisfactory | Fair Po.... Poor NG.....Not Good

1. 180° bend (face-to-face contact)
2. Filler powders out when broken edge is rubbed.



TABLE 6-86

DECHLORANE COMPOUNDS (3)

602 603 604
Halogen | Chlorine 69 .4 66,7 _—
Content Bromine -— -— ———

(%) Ci/Br i -— 76.9
Melting point (°F) . 554-560" 730 354
Density (gm/cc) 2.0 (25°C) 1.85 (24°C) 2.37 (20°C)
Vapor pressure (torr) 0.08 (197°C) 0,008 (197°C) 0.0014 (139°C)
Cost, approx. ($/1b.) 0.70-0.75 3,00 3.00 (1)
1.00 (2)

(1) Introductory.
<(2) Volume.
(3) Hooker Chemical data.

F-387, containing Dechlorane 604, clearly had superior flammability resistance to
any of the other formularions in this section, lis qualitative mechanical properties
seemed reasonably good. See Table 6-87.

6.3.2.3 Inorganic/Organic Flame Retardants - Dechlorane 604 was blended with
77~033 and different types of potentially useful inorganic compounds with the object
of achieving a synergistic relationship (see Table 6-88). A good cire was generally
obtained (see Table 6-89) except for the one containing antimony oxide (F-401);
slight tackiness being observed (see Table 6-90), The zinc borate (F~415) and fron
oxide formulations (F-438, -439, and -440) did not even pass 6.2 psia oxygen

(see Table 6=91). At 60/40, the survival rate (i.e. self-extinguishing) was:

F-399: 3outof 3

F-401: 2 % " 3
F-445: 1 % "1
F-446: 3 " " 3

F-399 and F~445 were also checked at 16.5 psia oxygen. Both completely degraded,

As seen in Table 6-86, the Dechlorane 604 has between 10 and 14%more total
halogen, by weight, than 602 and 603. It was not felt that this weight difference
was sufficient to account for their significant difference in flammability resistance.
Another possibility was the presence of bromine in the molecule. A third one could
be a possible synergistic relationship between the chlorine and bromine (and, perhaps,
fluorine from the 77-033). Finally, one had also to consider the respective melting

6-149
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TABLE 6-87
FLUOROSILICONE RTV'S WITH ORGANIC ADDITIVES

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS ~

Specimen
283~[~| 296-1-] 442-1B~  388-1-1  443-iB-1  387-2-1 = 387-2-i 387-2-2 387-2-1
Oy Pressure (psia) 8.2 52 6.2 5.2 5.2 8.3 (9;.0702) (s;b;z)) 1.5
R | Wire Ignition (I) T/B T/B /B /B /B T/B . T1/B B 1/B
E | Wire Failure (1) T T T B B B B B B
S | Smoke (2) P S P S S N N« N S
§ U | Burn time | flame-out 57 55 73 75 35 {7 15 5 45
o (sec.) (3)| glow-out 57 55 73 75 90 17 |5 5 75
) Configuration (4) Y Y Y Y Y Y Y Y —
! Residue (%) (5) 70 70 70 75 50 95 95 98 75
S Melted (6)1 N N N N N N -— N N
’ Colorl ?x’rer.ior gray gray bl]f/whf whi’/blk whi’re black ‘biﬁtck bll?ck whi'/blk
Intertor ——— ————
Exterior| powdery (6) Y Y Y Y Y N N N Y
Texture | ciusty (6) Y Y Y Y Y Y % Y %
T.....Top B..... Botiom
N....None S...s.S0me Povers Profuse

Amount left in (4)
Yes or No

O s N —

Zero time: start of specimen burning
Generally similar to original specimen:

Yes or No



Component S

TABLE 6-88

FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES

398

401

415

415

Bu8

Formulations (phr)

43y

b328 439 LuQ ug2 435 138 Lyl u37
77-033 12y 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 2100.
DECHLORANE 604 16 75. 150. 150. 150. 150. 125, 125. 125. ' 75.
Hexabromobenzene 28 150. 75. 75. 75. 150.
DECHLORANE 510 16 150. 75. '
DECHLORANE 602 16 , 75.
Boric acid (1) 171 75.
Antimony oxide (2) 20 20,
XPI-158 (3) 4 20.
Glass Frit 7570 (u) 21 50.
Glass Shot MS-L (5) 33 50.
Synthetic iron ox1de(6)4 25.
Synthetic iron oxide(7)2 25.
Synthetic iron oxide(8)4 25. :
BUSAN 11-MI (9) 19 40.
77-033 Catalyst 12} 10. 10. 10. 10. 10. 10. 10. 10, 10. i0. 10. 10, 10. 10.
S....:..Source (See Table 6-1)
1. "Special Quality", milled 6. Red # 179
2. White Star ~ "™M" grade 7. Meteor Red Brown # 7751
3. Zinc borate 8. Ultrafine, Red, Dark # 1121M
b, 325 mesh, predried 6 hrs./212°F. 9. Bavrium metaborate
5. See Table

1519



TABLE 6-89
FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES

- FORMULATION PROCESSING -

Cure (1) Post Cure
Formulation Time Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
399-1 4/~ 150 -—- -—
. 399-2 2/- " V- 150
401-1 15/35 . -—- ——
401-2 12/30 . — —-—
415 3/10 . 15/30 150
445 12/- ! o -—
446 11/1 i — —
438 1/20 . 32/30 150
439 33/- " - -
440A 1/20 " - e
4408 n no 14/10 150
462 12/30 : ’ - ———
435A -/40 . - -
435B " " 57/- 150
436 55/~ i -—- e
4440 2/~ " L e ---
4448 “ . 13/- 150
437 55/ " — _—
434A 1/10 " s T -
4348 ) " " . 58/- 150

I. Time in mold
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TABLE 6-90
FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES
CHARACTERISTICS

-CURED/POST CURED-

Properties 399-1 401 415 445 446 438 440A 440B
Cured Y ? Y Y Y Y Y Y
Tacky N 5 N N N N v N
Flexible Y Y Y Y Y Y Y Y
Memory Y Y Y F Y Y Y Y
Cohesion P P P p P P p P
Tear Resistance P P P P P P p P
Crack Resistance (1) X X X X X X X X
Lrack Propagation (1) X X F X X X X X
Porous N K. —_— N S S N N
Adheres to unclean alum, -
Foil cup F — _— —rm - -— e -
Cheesy N N N N - N N N -
| | - @ @ 6
Yeeeus Yes VS.....Very Slight Seeenn Slight - N.oves No
) SRR Satisfactory Fo.... Fair Povu.. Poor

1. 180° bend (face~to-face contact)
2. Small particles readily came out

3. Some "

1 L1 1]
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[ TABLE 6-90 (cont'd)
FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES
CHARACTERISTICS

~-CURED/POST CURED-

Properties 435A 4358 436 444N A44B 437 434N 434B
Cured Y Y Y Y Y Y N Y
Tacky Y Y N N N - N
Flexible Y Y Y Y Y Y -— Y
Memory Y Y Y F F Y o' e Y
Cohesion P F P p F P — p
Tear Resistance P P P P P F _— P
Crack Resistance (1) X X X X X X ——— X
Crack Propagation (1) X X ' F X X X g X
Porous N N N Vs Vs N - S
Adheres to unclean alum. .

Foil cup e ——— — —-— — o~ e e
Cheesy N N N N N N - N
Y.....Yes VS.....Very Slight S.....Slight N.....No

Xo oo Satisfactory Fu.s. Fair Pou P.....Poor - NG..... Not Good

1. 180° bend (fact-to-face contact)
2. Small particles readily came out

3. Some "

n "



TABLE 6-91
FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
_ TEST CONDITIONS/RESULTS -

GG1-9

Specimen
399-1-1 399-~1~-2 399-1-1 399 ~1-2 399-2-1 399-2~1 401-1-1
On P . 6.2 6.2 9.72 9.72 9.72 16.5 6.2
9 Pressure (psia) . (60%) (60%) (60%)
Wire Ignition (1) /B T/B T /B /B /B B
Wire Failure (1) 1/8 T T T/B B T /8
Smoke (2) N N N N N P N
Burn time | flame-out 15~ 7 8 7 9 55 10
(sec.) (3)] glow-out 15 7 8 7 9 60 10
Configuration (4) Y Y Y Y Y Y Y
Residue (%) (5) 98 99 ' 98 99 95 85 100
Melted () N N N N N N N
Color: exterior black black black black black blk/wht white
: inferior " " -— ——— —_— " "
Exterior | powdery (6} N N N N N N N
| Texture | crusty (6) N Y Y Y N
eture Loty I &) ) % &)
1. Toaso.Top Bovuws Bottom .
2. N....None Seeens Some P.v...Profuse
3. Zero time: start of specimen burning 6. Yesor No
4. Generally similar to original specimen: Yes or No 7. Only comers of specimen discolored
5. Amount left.in (4) 8. Premature wire failure



TABLE 6-91(coni'd)
FLUORQSILICONE RTV'S WITH CRGANIC AND INORGANIC ADDITIVES

PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -~

9G1-9

Specimen
401-1-1 401-1-2 £01-2-1 A15-1-1 445-1-1 445-1-2 445-1-1  445-1-1
Oo P (bsi) 9.72 . 9.72 9.72 6.2 6.2 6.2 .72 16,5
2 Pressure (psia (60%) (60%) (60%) (60%)
Wire Ignition (1) /B B /B 1/B - /B B /8B
Wire Failure (1) /B B B B —— T T B
Smoke (2) N N P P —— N N S
Burn time |flome-out 7.5 4 54 60 3 3 9 34
(sec.)} (3) | glow-out 7.5 4 54 60 3 3 9 55
Configuration (4) Y Y Y Y —-—— Y Y Y
Residue (%) (5) 98 98 75 80 _— 98 99 70
Melted (6) N N N . Y —_— N N N
Color: exterior black black bik/wht whi/blk —_— black black wwhf/blk
: inferior —-— ——— " ——— ——— e -— "
Exterior | powdery (6) N N Y N - N N N
Texture | crusty (6) Y Y Y Y e N N Y
) 7} (8) 7) 7) (9)
Teeaas Top B.u.oo Bottom
N....None S.vve.Some Pieuss Profuse

Amount left in (4)
Yes or No

O BN

Zero time: start of specimen burning
Generally similar to original specimen: Yes or No

7. Ambient pressure

8. Premcture wire failure

9. Completely burnt



TABLE 6-91 (cont'd)
FLUOROSILICONE RTV'S WITH ORGANIC AND INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

£51-9

Specimen
446-1-1 446-1-1 446-1-2 446-1-3 438-18-1  439-1~1 440-1B-1 435-1A-1
On P (osia) 6.2 9.72 9.72 9.72 6.2 6.2 6.2 6.2
2 ressure pslq (60%) . (60%) (60%)
Wire Ignition (1) B B B B /8 /B /8 /B
Wire Failure (1) B B T T T B B B
Smoke (2) N N N N P P p P
Burn time | flame-out 3.5 7 5 3 45 45 34 39
(sec.) (3) |glow~out 3.5 7 5 3 85 45 38 75
Configuration (4) Y Y Y Y Y Y Y Y
Residue (%) (5) 98 98 99 .99 75 75 75 15
Melted (6) N N N N N N N N-
Color: exterior black black black black ’ (10) (10) (1-0) wht/blk
: interior —— -— — e (10) (10) (10) "
Exterior | powdery (6) N N —-— N Y Y Y Y-
Texture | crusty (6) N N —-— N Y Y Y Y
. 7) (7) 7) 7) (@) (<) (9) (9)
. Tosso.Top B.....Boftom '
2. N....None Sevenn Some Pouts. Profuse
3. Zero time: start of specimen burning 7. Ambient pressure air
4. Generally similar to original specimen: Yes or No 8. Premature wire failure
5. Amount left in (4) 9. Completely burnt

6. Yes or No 10. White/black/red



TABLE 6-91(cont'd)
FLUOROSILICONE:RTV'S WITH CRGANIC AND INORGANIC ADDITIVES
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS /RESULTS—

8G1-9

Specimen
436-1-1 444-1B-1 437-1-1 437-1-1 437-1-2 437-1-1 434-1-1
. 6.2 6.2 6.2 9.72 9.72 16.5 6.2
02 Pressure (psia) ) (60%) (60%)
Wire Ignition (1) T/B T/B — T/B /B T/B B
Wire Failure (1) B T T T T T N
Smoke (2} + P S N N N S P
Butn time | flame-out 49 60 3 4.5 4 30 66
(sec.) (3}| glow-out 49 15 3 4,5 4 74 66
Configuration (4) Y Y Y Y Y Y Y
Residue (%) (5) 15 75 100 . 97 28 75 15
Melted (6) N N N N N N N
Color: exterior blk/wht whi/blk — black black wht/blk black
: interior " (10) - —~—— - gray .
Exterior | powdery (6) N Y N N N Y N
Texture | crusty (6) Y Y N N N . Y Y
’ (%, 10) (m (7) 7) (9) (9)
1. T.ou...Top Buvaus Bottom
2. N....None Seiee Some P.....Profuse
3. Zero time: start of specimen burning
4. Generally similar to original specimen: Yes or No 8. Premature wire failure
5. Amount left in (4) 9. Completely burnt
6. Yes or No 10. White/black/red

7. Ambient pressure air 11, Poor ignition



points. In order to briefly evaluate these factors, several formulations were prepared
with the Dechloranes, including D-510, Cy aCly2 (78% chlorine, m.p- = 905°F), and
with hexabromobenzene, CgbBrg (85.9% bromine, m.p. = 612°F), Thus, the additive(s)
in F~435 had 78% chlorine. F-436 had 39% chlorine and 43,5% bromine (total
hclogen equal to 82,5%). F-444 had 34.7% chlorine and 43.5% bromine (total
halogen equal to 78.2%). F-437 had fotal halogen equal to 82%. It is seen that

the total halogens in F~436 and F-437 are comparable, but a) each halogen type
comes from completely separcte compounds in F~436, and b) the availability of a
comparatively low temperature decomposing halogen compound exists in F-437,
F-435, 436, -444, and ~434 did not survive 6.2 psia oxygen: F-437 withstood
60/40 (i.e. 2 oul of 2 specimens), but completely decomposed in 16.5 psia oxygen.

Only very slight differences were observed between F-387 (150 phr D-604) (see
Table 6-83) and F-437 with respect fo flammability or tested specimen appearances.

6.3.2.4 Carriers Loaded With Flame Retardant Liquids - The formulations prepared
in this section are shown in Table 692, their processing is noted in Table 6-93,
their mechanical /physical properties after cure are listed in Table 6~94, and their
flammability resistance is tabulated in Table 6-95.

TABLE 6-93
FLUOROSILICONE RTV'S WITH FLAME RETARDANT LIQUIDS/CARRIERS

~ FORMULATION PROCESSING -

Cure (1) Post Cure

Formulation Time Temp. Time Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
256 17/- 150 — —
250 -/53 . — -
252 -/50 n e _—
254 20/25 n —_— —
255 15/35 J - —
251 18/- " —— —
379 22/~ s — —_—

(1) Time in mold.

F-250 was too mechanically weak to consider its use. F-252 and F-254 showed
liquid separation, F-256 was satisfactory for use at 6.2 psia oxygen, while F-255
and F~251 were relatively undamaged in 60/40. However, none had sufficient
flexibility or cohesive strength.
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TABLE 6-92

FLUOROSILICONE RTV'S WITH FLAME RETARDANT LIQUIDS/CARRIERS

. Formulations (phr)

0919

Component S 2586 250 252 254 255 251 379
77-033 12 100. 100. 100. 100. 100. 100, 100.
Boric acid (1) 9 100. 150. 150. 100. 150.
Glass frit 7570 21 150. 150. 50.

Mol. Sieves 13X 8 50. 50. 50. 50.

231 (2) 13 150.

225 (2) 13 50.

Freon E~9 1 100. 1¢0. 50.  100.

231X (2) 13 100.
77-083 Catalyst 12 10. 10. 10. 10. 10. 10. 10.

S......50urce (See Table 6-1)
L. 100% through 170 mesh
2. See Table 6~73.
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TABLE 6-94
FLUOROSILICONE RTV'S WITH FLAME RETARDANT LIQUIDS/CARRIERS
CHARACTERISTICS

~CURED,/POST CURED-

Properties 256 254 255 251
Cured Y Y Y Y
Tacky oily oily N N
Flexible Y Y Y
Memory F —— P F
Cohesion NG X NG P
Tear Resistance N(? - NG P
Crack Resistance (1) NG - NG NG
Crack Propagation (1) NG _— NG NG
Porous N —— Y N
Adheres to unclean alum, '
Foil cup - — el p
Cheesy S N Y N
Yeeunn Yes Foveus Fair Seeeen Slight

X. oo Safisfactory

P.....Poor NG. ...Not Good

1. 180° bend (face to face contact)
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TABLE 6-95

FLUOROSILICONE RTV'S WITH FLAME RETARDANT LIQUIDS/CARRIERS

PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
256-1-1 256-1~1 255-1-1 255-1-1 255-1-1 251-2-1 251~2-1  251-2-1
0., Pressure {psia) 6.2 9.72 6.2 9.72 16.5 6.2 .72 16.5
2 Ay (60%) (60%) (60%)
Wire Ignition (1) T /8 /8 /8 /B /B /8 /B
Wire Failure (1) T B T/B B T T T/B T/B
Smoke (2) N P . N N S N ., N S
Burn time flame~out 2 60 3 1 67 5 14 50
(sec.) (3) glow-out 2 60 3 11 67 5 16 65
Configuration (4) Y Y Y Y Y Y Y Y
Residue (%) (5) 99 g0 99 99 85 99 99 920
Melted (6) N N N N N N N N
Color: exterior white wht/blk white white white white white whi/blk
: inferior - e e —— ——— - - — -—
Exterior powdery (6) N N N N N N N N
Texture crusty (6) N Y N N Y N Y Y
T..... Top B.....Bottom
N....None Sevens Some Poeuoe Profuse

Amount left in (4)
Yes or No

[0 N0 &, QU SO % B L g

Zero time: start of specimen burning
Generally similar to original specimen: Yes or No



]

6.4 MISCELLANEOUS FORMULATIONS

A brief examination was given to some less exotic (and less costly) approaches than
those heretofore reviewed. This section describes such evaluations.

6.4.1 Polyesters

Initial formulation (see Toble 6~96) activity in this section was devoted to the
evaluation of a non-flexible system (F-383) developed for NASA by anorher
contractor {Ref, 6-29), Although this formulation was undamaged in 6.2 psia
oxygen, it was completely destroyed in the 60/40 environment. Diallyl chlorendate

. (DAC) was then added as a reactive low hydrogen (i.e. 2.56%) diluent. Although

it did reduce the viscosity, the modified formulation, F-392, was totally desiroyed
in 6,2 psia oxygen (see Table 6-99), An attempt fo reduce the viscosity with
Pyrostat ZB-510 resulted in a blend which did not cure (see Tables 6~97 and 6-98).
TABLE 6-97
POLYESTER POLYMERS

- FORMULATION PROCESSING -

Steps (2)
Formulation 1 2 3 4 5 6 7
No, F- (min) (°F) (ht/min) (°F) (d/hr) (°F)
380 X - - - 10 80 - - - -

. 382 X - - - 10 80 - - - -
383 - - - X 5 84 2/40 150 19hr/- 150
392 X - - X 10 o o4fs : -
393 X - - X 5 8 /- - -
394 X (1) - X 3 79 24/ - -
457 X 212 - - - - - - - -
458 X - - - - - - -
400 - - - X 10 80 61/—- 150 - -
459 X - - - -

80 -« - - -

(1) Approx. 2 min. @ 194°F,
(2) See Table&-12_
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TABLE 6-96

POLYESTER POLYMERS

Formulations (phr)

Component S| 380 382 383 392 393 394 457 458  LOO0 459
MR-670 - 42| 100.

GR-684 42 100. .

DION FR 6430 43 100. 100.

DION ISO 6481 43 100. 100.
DAC (1) 25 20. 100. 100.
L-2344 (2) 2 100. | '
F-380-1 13 4ug,

F-382-1 13 BL0,1  4u0.1 uw40.1

F-458-1 13 100.
Tabular alumina - 3u0. ‘

PYROSTAT ZBS10 (3) 34 20.

Co. Naph. (&) —— 0.1 . 0.2 0.2 0.2
MEKP"S (5) 44 1. la lo 1- =
TS-50 (6) 45 2.

Sevinnn Source (See Table 6-1)
L. Diallyl chlorendate
. 2. Dihydroxy terminated fluoropolymer
» 3. Organo metallic polymer
4 Cobalt napthenate
5. Methyl ethyl ketone peroxide (60%) in dimethyl phthalate
6. 2,4 -Dichlorobenzoyl peroxide (50%) in silicone fluid



TABLE 6-98

POLYESTER POLYMERS
CHARACTERISTICS

~CURED/ POST CURED =

Formulation

Properties 383 392 394
Cured Y Y Y
Tacky N N S
Flexible N N N
Memory - T - -
Cohesion

- Tear Resistance
Crack Resistance (1)
Crack Propagaiion (1}

Porous
Adheres to unclean alum. F
Foil cup
Cheesy s
Yeeeun Yes VS.....Very Slight Sevene Slight N.....No
XK. oo .o Satisfactory F... .. Fair Pivies Poor NG..... Not Good

1. 180° bend (face-to~face contact)

The supplier of MR-670 indicated (Ref. 6-30) that it is an unacceleraied 25% styrene
filled, brominated polyester, GR-684 is identical but is accelerated. 1L-2344 was
added to the latter as a liquid, albeit high viscosity, flame retardant (1.8% hydrogen) .
and plasticizer. The cured structure was facky on the surface and brittle.

A non-styrenafed, but brominated solid polyester, Dion FR 6430, was put into very
high viscosity liquid states with DAC (F-457) and with a non-halogenated, flexible
polyester F-458), F-459 had a low viscosity, but a non~styrenated halogenated
version of Dion 1SO 6481 could not be locafed.

6.4.2 Diallyl Chlorendate (DAC)

As noted above, DAC has only 2,56% hydrogen, it is a low viscosity liquid, and has
two allyl gioups which may be reacrive at 150°F if properly catalyzed. Additionally,
it was of inferest as a diluent {reactive?) for silicone and fluorosiiicone addition
reaction RTV's, and fluorocarbon elastomers, F-331, ~332, -333, and -334 were
formulated (see Table 6-100 for formulations and Table 6-101 for cure cycles) to
determine compatibility of the Sylgard-rype silicone RTV with DAC, Separation

was noted in F-334, A similar effort with 77~033 was also fruitless:
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“TABLE 6~99
POLYESTER POLYMERS
PRELIMINARY FLAMMABILITY
- TEST CONDITIONS/RESULTS -

Specimen
383-1-1 383-1-1 392-1-1
6.2 ?.72 6.2
Oo Pressure (psia) (60%)
R | Wire lgnition (I) T/B T/B /B
E | Wire Failure (I} T B B
Smoke (2} N S N
S | Burn time  flame-ouf 5 [10 - 40
(sec.) (3) glow-out 5 120 45
U | Configuration (4) Y. Y Y
L | Residue (%) (5) {00 80 —
T | Melted (6) N N N
Color: exterior white black white
S : inferior " white "
Exterfor powdery (6) N Y Y
Texture crusty (6) N Y Y
l. T..... Top B,....Bottom

N....None

Zero time: start of specimen burning
Cenerally similar to original specimen: Yes or No

Amount left in (4)
Yes or No

-
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TABLE 6-100

DIALLYL CHLORENDATE POLYMERS

Formulations (phr)

Component S 331 332 333 334 335 215 455 456 395 396 402
DAC (1) 44 100, 100. 100. 100. 100. 50, 1l00. 104, 25, 25.
SYLGARD 186 (2) 12 100.

77-033 (3) 12 100, 100, 100.

L-2344 (4) 2 100. 100.
P-1455-1 13 212.

Boyic acid (5) 7 300. 225,

DECHLORANE 604 16 ' 300.

TDI (8) _ 5.22 5.22
Catalyst T-9 (7) - 0.5
TS-50 (8) 45 ' 2.

S-186 Catalyst 12 1. 5.  10. _ ‘

77-033.Catalyst 12 10. 10. 10,

S....s.50urce (See Table 6-1)

1. Dizallyl chlorendate ' 5. "Special Quality" grade

2. Silicone RTV 6. Tolylene diisocyanate

3. TFluorosilicone RTV 7. Stannous octoate

4. Dihydroxy tevminated fluorcpolymer 8. 2,4 - Dichlorobenzoyl peroxide (509)

in silicone fluid
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TABLE 6-100: (cont'd) +

DIALLYL CHLORENDATE POLYMERS

Formulations (phr)

Component S| u32 381 447 uug  uyg9  u50 451 452  u453B  u453A
DAC (1) 44 50. 100. 100. 100. 100. 100. 100. 100. 100. 100.
L-234l () 21 100. 100. 100.
DECHLORANE 604 16 w17,
TDI (B) _— 5.22 5,22
MEKP-5 (9) 441 . 2.

TS~50 (8) 45 2, 2. 2, 2. 2. 2. 2. 2.
Co. Naph. (10) -- 0.5 0.5 0.2 0.2 0.2
™G (11) 10 0.2

DMT (12) 47 0.2

DMA (13) - 0.2

8. Methyl ethyl ketone peroxide (80%) in dimethyl phthalate
10. Cobalt napthenate (6% Co)
11. 1,1,3,3 ~ Tetramethylguanadine
12. N,N - Dimethyl-p-toluidine
13. Dimethyl aniline



TABLE 6-101

DTALLYL CHLORENDATE POLYMERS

- FORMULATION PROCESSING -

Formu- - - - Steps {9)

lation 1 2 3 b 5 & 7

No. F- (min) (°F) (hr/min) (°F) (d/hr) (°F)

331 - (1) - X 2 72 lud/lshr 150 - -

332 - (1) - X " " 1u4d/16hr " - v -

333 - (1) - X " 71 14d4/15hr n - -

331_[_ - (l) - ¥ 3 (14 n 1n . — = -

335 X (1> - X 10 84 18/- " - -
X (1) - X " 83 19/~ " - -

455 X - - X n B0 37/~ n - -

456 (2) - - - 5 " 37/~ " - -

395 - - - X 2 71 13/30 " /- 150

396 (2) - - - 2 73 13/- " /- - "

up2 X 185 - X 3 185 g9/10 " L/ - "

432 - 185 - X b 69 8/~ t 1/- "

381 (3) - - X 3 83 16/- n 16/~ 212

bn7-1 - - - X 10 " 29/~ “ (4) -

bn7-2 - - - X 5 82 2n/-~ " (5) -

447 -3 - - - X " 83 24/ - " (6) -

Lu7-u - - X " 82 24/~ - " (7) -

48 - - X 10 " 28/30 " - -

4ug X - - X 5 72 88/~ " - -

450 X - X 8 " 88/- " - -

451 X - - X 5 83 24/ " - -

L52 - X - - X " 80 23/ - " 1/- 150

§53 (8) 1ug - X 5 83 22/~ " - -

1. Warm DAC.

2. Blend all materials.

3. Blend DAC and MEKP-5 first.

4, Cured in air.

5. Cured under argon.

6. Cured under glycerine.

7. Cured under (?) FS8-1265 fluorosilicone fluld.

8., Blend DAC and L-2344 first.

9. See Table 6-12.
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F-335: soff, not cured

E-215: n 1 ]
F-455: Separation, not cured
F__456: 1 R L] n

The combination of DAC with 1-2344 was examined, with the following results:

F-395: no cure (no effect)

F-396: no cure, creamy, opaque, some separation with time,

F-402: cured, parous, good cohesion and adhesion, soft, flexible, opaque,
but high viscosity and gummy after blending

F-432: similar fo F-396, except more separation.

An attempt was then made to find a suitable 150°F cure system for DAC for use with
it alone or in conjunction with other polymeric structures. F-381-1 was degassed,
F-381-2 was not, Both showed no change after a cure at 150°F, but these aluminum
cup specimens became soft on bottom and dry/brittle on the top exposed surface affer
a post cure at 212°F, A more reactive free radical initiator was utilized in F-447 fo
reduce the cure temperature, Various non-reacting atmospheres were tried when «
surface inhibition problem arose. These specimens seemed incompletely cured.
F-448, -449, -450, -451, and -452 were prepared with known free radical accel-
erators, Of these, the ones with cobali naphthenate were the only ones which
resulted in a cure. The structure was soft/flexible underneath and dry/brittle on

the surface. F-453 was prepared to flexibilize the DAC structure and incorporate

a flame retardant. No cure wos obiained; separation was evident.

6.4,3 Dimethyl Chlorendate (DMC)

As in the case of DAC, DMC has a high chlorine and low hydrogen content {i.e.
44,5-45,5 and 2,56 percents, respectively, for the former, and 51.08 and 1,92
percents, respectively, for the latter}. However, DMC is considered essentially
unreactive. If a condensation reaction between its methyl groups and the
terminal hydroxy! groups of L-2344 or with an amine cured silicone RTV could be
achieved, the residual chlorine/hydrogen content of the DMC portion would shift
to 55%/0.517%, respectively. These approaches were considered in the formula-
tions shown in Table 6-102,

The solid DMC was readily dispersed in the high viscosity L~2344 (see Toble 6-103).
After "cure," the product (F-05%9} was still fluid, miscible, and clear. F-060, -061,
and -062 contained RTV 603 base. Again, complete compatibility was obfained.
The "cured" materials were observed fo be:

F-060: no cure ) .

F-061: no cure at 150°F, Gelled, tacky, poor cohesion, clear after
200°F post cure.

F-062: No cure, clear, some gel, some crystals after cure. Gelled, tacky
(much less than F-061), poor cohesion (better than F-061), and clear
after post cure at 200°F. ’
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TABLE. 6-102

DIMETHYL CHLORENDATE POLYMERS

Formulations (phr) ]
059 060 061 062 324 325 326 327 328 329 330

Component 3

Dimethyl Chlorendate 46 1y, 1. 5. 25. 50, 100. 25. 25, 50, 100, 100.
L-234Y4 (1) 2| 1o0. ’ '
RTV 603 7 100. 100. 100. 100. 100. 100. 100.
RTV 602 7 100. 100. 100. :

Sc‘l s 0 SOU.I‘Ce (See Table 6-1 )

1. Dihydroxy terminated fluoropolymer



TABLE 6-103

DIMETHYL CHLORENDATE POLYMERS
- FORMULATION PROCESSING -

Formu- - . - Steps (1)

lation 1 2 3 L 5 6 7

No. F- {min) (°F) (hr/min) (°F) (d/hr) (°F)
059 X - - - 5 176-19% ~3 mo. 150 - -
060 X - - - 3 oW ~3 mo. M - _
061 > S y o w3 mo. M -
062 X - - - 2 176 . ~ 3 mo. n - -
321 X - - = 15 176-19% 13d/22hr " 17/~ . 200
325 X - - - 1o 185 L " y n
326 X 176-19% - X 10 185 " " - -
327 X " - X- 30 185 0 n - -
328 X =~ - - 15 185  13a/20hr "  17/- 200
329 X o~ - - w171y v " n "
330-1 X 176-194 - X " 185  13d/1%hr " " "
330-2 X "™ - X 20 " " 200 - -

1. See Table 6-12,
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The relative viscosities were: F-060<-061 <-062 <{-059,

When 50 (F-328) and 100 phr {F-329) DMC were added to the RTV 603, gelation

did not occur.

RTV 602 was substituted for RTV 603, The products were similar fo F-062,

A 12 day 18 hour exposure of DMC to 150 and 212°F was carried ouf. There was an
approximately 1% weight loss af 150°F, but a 40% loss at 212°F,

It was obviously necessary to "tie-up" the DMC or thermally lose it. One method

. was to catalyze the RTV., These resulied In castings which showed crystals inter-
mixed with the cured RTV when processing was carried out at 150°F, but none when
processed at 200°F, The data in Table 6-104 verifies a) the greafer non-miscibility
of significant quantities of DMC in the dimethyl RTV 602 as compared to the methyl-
phenyl RTV 603, and b) the loss of DMC ot the higher processing temperatures.
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¥L1-9

180° bend (face-to-face contact)

TABLE 6-104

DIMETHYL CHLORENDATE POLYMERS

CHARACTERISTICS
-CURED/POST CURED-

Formulation
Properties 326 327 330-2

Cured Y Y I3

Tacky N Vs Y

Flexible Y Y Y.

Memory Y Y Y

Cohesion P p P

Tear Resistance P P P

Crack Resistance (1) X X X

Crack Propagation (1) Y S X

Porous ? ? N

Adheres to unclean alum. N N S

Foil cup

Cheesy ) Y S gummy
Yes VS..... Very Slight S. .S8light Nooowo No
Satisfactory F.....Fair P.....Poor NG..... Not Good



SECTION 7

NONFLAMMABLE FORMULATIONS DEVELOPMENT: FINAL SCREENING

7.1 FORMULATIONS/PROCESSING

The formulations selected for final screening are shown in Table 7-1. Their processing
is described in Table 7-2. The selection was primarily based upon flammability resis-
tance, and secondarily upon handling characteristics and apparent mechanical proper~
ties.

" 7.2 EVALUATION
The final screening fests consisted of:

a. Flammability (Ref, Appendix B)
b. Thermal Offgassing: Carbon Monoxide/Total Organics (Ref. Appendxx C)
c. Thermal Offgassing: Odor (Ref. Appendix D)
d. Thermal Analysis: TGA/DTA (Ref. Appendix A, Section 3.3.8)
e. Vacuum Outgassing (Ref. Appendix A, Section 3.4.4, Paragraphs
T and 2)
f.. Insulation Resistance (Ref. 7-1, Section 4.4.3.5., 75°F).

7.2.1 Flammability

fn accordance with the above requirements, the flammability evaluarion was carried
out with simulated configurarion tests by using potred pygmy conneciors, (See Table
7-3). As stated in the Statement of Work (Ref. Appendix A, Section 3.4.1), the
criteria is that the "Candidate materials shall be self-extinguishing with no further
evidence of degradation by combustion..." The two key words herein are "self-
extinguishing” and “furrher,” The primary NASA (and probably in all industry)
document (Ref, 6-1) on this subject does not define the former term, but it does
define "flammable" and "nonflammable™ as follows:

Flammable: Under specific ignition and environment conditions, the
ability of solids, liquids or gases to react with sufficient
energy fo cause continued self-propagation of a flame
front thioughout the material.

Nonflammable:  The antonym of flammable, Under specified ignition
and environment conditions, the ability of solids, liquids,
or gases fo resist and stop chemical reaction so that there
is not sufficient energy to sustain self-propagation of a
flame front throughout the material,
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TABLE 7-1
FINAL SCREENING

Formulatiens (phr)

&=/

Component S 175X 231X 230X 266 378-1 378-3 379~1 379-3 387 437 462
77-024 12 100, 100.

77-033 12 100, 100. 100, 100, 100, 100, 100. 100.
F-231X-1 13 100.

F-231X-2 13 100, 100,

Boric acid Q 125.

Boric acid (1) 9 150.

Boric acid (2) 9 125. 150.

Boric acid (1, 3) 7 125,

Boric acid (3) 7 150,

Mol. Sieves 13X 8 100.

KRYTOX M3AC 1 300,

NHgBF, | 20 150,

DECHLORANE 604 (4) | 16 150.

DECHLORANE 604 (1) | 141 5.0,
Hexabromobenzene 283 75. 150,
77-024 Catalyst 12, 10, 10.
.77-033 Catalyst 12 10. 10, 0. 10‘. 10. 10. 10, < 10,

Se.v. Source (See Table 6-1)
1. 100% through 170 mesh

2. 100-170 mesh

3. "Special Quality," milled
4, See Tables 8-2 and 8-3



TABLE 7-2

FINAL SCREENING FORMULATIONS PROCESSING

1. Time in mold

Cure (1) Post Cure
Formulation Time Temp. Time Temp.
No. F~ (hrs/min) (°F) (hrs/min) (°F)
175%~1 7/- 150 —- -
- 230X-1 9/- " — —
266-2 13/45 “ —- —
266-4 24/- n - —
3781 2/- « 22/- 150
378~3 24/40 " .- —
379-1 22/- " —- o
379-3 24/ - " — e
387 ‘ (see  Tables 8-2, and 8-4)
437-2, -4 12/30 X — —-
462-1 12/30 d . -
462-2 2/10 d 10/- 150



Furane ldent. No.
WSTF (2} Ident. No.

Atmosphere (psia)
Oxygen
Nitrogen

Pressure {psia)
Initial
Final

Current {amps.)
Initial
Final

Furane ldent. No.
WSTF (2) Ident. No.

Atmosphere (psia)
Oxygen
Nitrogen

Pressure {psia)
Initial
Final

Current (amps.)
Initial
Final

FINAL SCREENING FLAMMABILITY TEST (1)

175X-1B-1
70-1671

53,
80,

266-2B-1
70~1665

[ T ¢
LI ]
O~ 0

55,
80.

TABLE 7-3

~CONDITIONS-

175X-1B-2
70-1671

o 0
o O

55.
80.

266-2B-2
70-1665

2.9
6.6
16.5
7.2

55,
80,

(1) NASA-MSC D~-NA-0002, Test Method No. 5

(2) NASA-MSC, White Sands Test Facility

175%-18-3

70-~1671

o~ N0
o N0

55.
80,

266-2B-3
70-1665

o N0
» .
O~ D

55.
80.

230X-1B-1
70~1664

9.9
6.6
16.5
16.9
5541

801

378-1B~1
70~1731

O~ N0
O~ N0

55,
70.

“

[o N 4]

230X~1B-2
70-1664

O N0

55,
75.

378-18-2
70-1731

230X-1B-3
701664

O~ 0
> 0

55.
80.

378-1B~3;
70-1731

O 0 7

55.
70,



Furane Ident, No,

WSTF (2) ldent. No.

Atmosphere (psia)
Oxygen
Nitrogen

Pressure (psia)
Inttial
Final

Current (amps. )
Initial
Final

Furane ident. No.
WSTF (2) ident, No.

Atmosphere (psia)
Oxygen
Nitrogen

Pressure (psia)
Initial
Final

Current (amps.)
Initial
Final

379-18-1
70-1732

G N0
O~ N0

55,
70,

437-2B-1
71-2663

O~ O
O~ 0

55.
70.

TABLE 7-3 (cont'd)

FINAL SCREENING FLAMMABILITY TEST (1)

-CONDITIONS-
379-1B-2 379-1B-3
70-1732 70-1732
2.9 2.9
6.6 6.6

16.5
16.9
55, 55,
75. 75,
437-2B~2 437-2B-3
71-2663 712663
2.9 2.9
6.6 6.6
16.5 16.5
7.1 17.9
55. 55.
70, 75.

(1) NASA-MSC D-NA-0002, Test Method No. 5
(2) NASA-MSC, White Sands Test Facility

387-3B-1
70-1745

O~ N0

35.
65.

462-1B-1
71-2664

C~ ~0
o N0

16.5
0

55,
75.

387~3B-2
70-1745

55.
70.

462-18-2
71-2664

387-38-3
70-1745

o~ N0
o O

55.
70,

462-18-3
71-2664

o 0
o~ 0

55.
75.



The comparable key words in these two definitions are "continued"/"sustain® and
“throughout,” The inference is thus clearly made that "self-extinguishing” is
somewhere in between the two definitions, depending solely on a) how fast the
flame front disappears, and b} the amount of degradation which occurs, following
removal of the ignition source. This realistic rationale is essentially reiterad in

the following "Criferia of Acceptability™ (Ref, 6~1, Table 2-2) for this flammcbility
test:

"Potting matetial does not sustain combustion following removal of the
ignition source with current-overloads up fo the melting point of the
electrical conductor entering the connector, "

However, proctical considerations of the test itself indicate that the removal of the
ignition source (i.e. cessation of burning Teflon wire insulation) is neither readily
nor precisely discernible. Hence, of necessity, we have viilized the iotal burning
criteria. This obviously assumes that the ignition environment and resultant ignition
{e.g. temperature, flame rate and location, specimen aftitude with respect to
gravity, etc.)areidentical in every case. The compound buming times and the
estimate of fire dameged compound are fabulated in Table 7-4, The calculations
for the various surface areas listed in Table 7-4 were based upon the dimensions
shown in Figure 7-1. .

FIGURE 7-1
CONNECTOR POTTING: WIRE TERMINATION SIDE

(Bendix PTO6CP-18~11-P)
FACE

—G} &”_0.899 DIA

T T BEVELLED EDGE

0.95

JL O—f +—— BARREL SIDF

l.g,,_l.15

DIA

In addition to the above assumption involving the total damage, the results are even
more conservative in that no consideration was given to the a) 5.2% coverage of the
face surface by the eleven wires, and b) presence of potting compound on the obverse
side of the connector (i.e. approximately 40-50% of the fotal connecior potting is
there, and is susceptible fo burn damage if the potting compound is sufficiently
flammoable.)




TABLE 7-4
. FINAL SCREENING FLAMMABILITY TEST

~ RESULTS -
Poiting
Compound Damaged Area (estimated) (1)
Burning Face Beveled Edge Barrel Side Total Total
Specimen Time (sec.) (0.64 in, = 15.8%) (1.05 in. = 26.09%) (2.35 in. =’58.2%) (4.04 in. = 100.0%) (ave.)
Ne. F~ (ea,) (ave.) (%) {in.) (%) (in.) (%) (in.) (%) (in.) (%)
175%-1B-1 80, 90. 0.576 i0. 0.105 -0- -0~ (2)  0.681 16.9
~2 130, 108. 95, 0.4608 20, 0.210 ~0- -0- (2) 0.818 20.3 18.6
-3 ns. (3) (3) (3) (3) @) (3) 3) (3) (3)
230X-1B-1 30, 50. 0.32 ~0- -0~ -0~ ~0-(2} 0.32 7.9
-2 50, 42, 50, 0.32 -0- ~-0- -0- -0-(2) 0.32 7.9 2.2
-3 45, 75. 0.48 -0- -0- -0~ =0~ 0.48 1.9
266-2B-1 267. 100, 0.64 100. 1.05 100, 2,35 4.04 100. (2,4)
-2 525, 424, 100, 0.64 100, i.05 100, 2.35 4,04 100. (2,4) 100,
-3 480, 100. 0.64 ' 100, 1.05 100. 2.35 4,04 100. (4,5)
- 378-1B-1 80. 80. 0.512 25, 0.263 (- -0~ 0.775 19.2 (5)
-2 85. 83. 80, 0.512 10. 0.105 ~0- -0- 0.617 15.3 (2) 2.8
-3 85, 25. 0.158 -0- -0- -0- -0~ 0.158 3.9 :
1. See Figure 7-1
2. Insert damage in both connector sides between center pins which carry the "fusing” current
3.’ Specimen at NASA-MSC
4, Considerable sub-surface degradation
5. lnserts in both connector sides burnt



FINAL SCREENING FLAMMABILITY TEST

TABLE 7~4 (cont'd)

- RESULTS -

6. Potting mq’renal ignited and extinguished 3 times during this period.
il
2

7- 1

Polting
Compound Damaged Area (estimated) (1)
Burning Face Beveled Edge Barrel Side Total Total
Specimen Time (sec.) (0.64 in. =15.8%) (1.05 in. =26.0%) (2.35in.=158.2%) (4.04 in. =100,0%) (ave.)
No. F- {ea.) {ave.) (%) (in.} (%) (in.) (%) (in.) (%) (in.) (%)
379-1B-1 95. 30. 0.192 -0~ -0 -0~ -0~ 0.192 4.8 (2) ;
-2 0. 32. 20. 0.128 -0~ -0~ -0~ -0~ 0.128 3.2 (2) 3.5
-3 0. 15, 0.096 ~0- -0- (e -0~ 0.096 2.4
°87—-3B 1 37. 45. 0,286 0. 0.105 ~Q- ~(O 0.391 9.7
-2 32. 48. 75. 0.48 -0~ =0 (- (- 0.48 11.9 (2) 2.4
-3 75. 90, 0.574 5. 0.053 =0 -0~ 0.629 15.6 (2)
437-2B-1 55, 95, 0,608 35, 0.368 (0 (0~ 0.976 24,2
-2 100, 169, 100, 0.64 40, 0,42 3. 0.071 1.131 28.1(2) 50.8
-3 353. 100. 0.64 100, 1.05 100, 2.35 4.04 100. (2)
462-1B-1 (6) 155. 95, 0,608 30. 0.315 -0 -0~ 0.923 22.8 (2 ) .
-2 (7) 166. 159. 95, 0.608 20. 0.21 - -~ 0.818 20,3 (2) 21.1
-3 155, 95, 0.608 20, 0.21 (=~ «Q- 0,818 20.3 (2)



More precisely stated, the various aspects of the (arbifrary) selection criteria were
as follows:

1. Pyrolysis degradation, if present, must be essentially limited to the surface.

2. Pyrolysis degraded surfaces (i.e. "Damaged Area" of Table 7-4) must not exceed
50%, average, or 75%, maximum, of the potentially degradable area, for
minimum of three specimens.,

3. Burning time must not exceed 60 seconds, average, or 90 seconds, maximum,
for a minimum of three specimens.

A summary of the results is presented in Table 7-5 and is also graphically shown in
Figure 7-2, ‘

TABLE 7-5

FINAL SCREENING FLAMMABILITY TEST
~RESULTS-
(SUMMARY) (1,4)

o

Primary Damaged Area (%) (2) Burning Time (sec.) (2)
Formulation  Degradation Average Maximum Average . Maximum
No. F- P/F Value P/F Valve P/F Valve P/F Value P/F
175X Surface (3) P 18.6(3) P 20.3(3)P  108. F 130. F
230X " P 9.2 P 11.9 P 42, P 50, P
266 Interior F 100, -F 100. F 424, F 525, F
378 Surface P 12.8 P 19.2 P 83. F 85, P
379 n P 3.5 P 4.8 P 32. P 95, F
387 n P 12.4 P 15.6 P 48, P 75, P
437 " P 50.8 F 100. F 169, F 353, F
462 " p 21.1 P 22.8 P 159, F 166, F

(1) See Table 7-4,
{(2) Three specimens.

(3) Two spacimens.
(4) P.....PGSS F-.ao.FG”

Based upon the above criteria, the flommability resistance of these formulations was
considered to be in the following order:

F-379> -230X > -387> ~378 >~175X > ~462> ~4375>-266



FIGURE 7~2 -

FINAL SCREENING FLAMMABILITY TEST
-RESULTS-
(Summary)

Damaged Area (%) = ——t=1 f 73
0 10 20 30 40 50 40
. . {
Formulation ave .' max.
No. F- [
463-1B -
100
A3
1 i j ¥4 T
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w2 i
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I R
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I
|
Note
379-1 . Allowable
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However, it was necessary fo also consider such ancillary factors as:

a} All three of the obverse plugs of F-230X, and two of the three obverse
plugs of F-379 were loose. Their poor adhesion is no doubt atiributable
to the Kryrox 143 AC in their formulations,

b) Two of the three obverse plugs of F-462-1B were loose. It was conjectured
that some form of inhibition was involved since it was quite difficult fo cure
a hexabromobenzene/RTVY 655 system (F-036) (Ref, 6-10, Section 3, page 30).

c) Significant soot was noticed with F-437-2B (two out of three) and F-175X-1B
(three out of three). One-specimen of the latter also"dripped" during the test
and one specimen had o loose obverse plug.

Solely from these results, F-378 and F-387 were preferred formulations,

7.2.2 Carbon Monoxide/Total Organics

Unless otherwise noted, the compounds for this test were cast between methy!l ethyl
ketone-washed Mylar sheets which were backed up with heat resistant glass, to form
1/8" x 6,0" x 6.0" sheets, Dam material (3 sides only) was natural rubber tubing
supported by brass wite. Spring clips were used to provide the pressure, The same
technique was utilized for olf sheet material required for the Program. The fest
conditions and results are shown in Toble 7-6,

As specified in the Stafement of Work (Ref. Appendix A, Section 3.4.2), the carbon-
monoxide can not exceed 25 micrograms per gram of sample, and the fotal organics
can not exceed 100 micrograms per gram of sample affer exposure to 155°F for 72
hours, Based upon these requirements, the results of Table 7-5 have been summarized
in Table 7-7 in ascending order of contaminant content.

TABLE 7-7

CO/TO: SUMMARY OF RESULTS

Contaminant (e gm/gm)
Passed Not Passed
155°F 200°F 155°F 200°F
CO 378-3(1):0,3 266-1A:0.3

379-3(2):0.3  378-1A:0.4
387-6A:0.4  230X-1A:0.6
437-2A:0.4  379-1A:0.6
462-1A:0.4  387-3A:0.9
266-4(1):0.5  266-1A(2):1.1
387-7C:0.7 . 175X-1A:1.9
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TABLE 7-7 {coni'd)

CO/TO: SUMMARY OF RESULTS

Confaminant (& gm/gm)
Passed Not Passed
155°F 200°F 155¢°F 200°F
10 379-3(1):1.2  387-3A:19.  266-4(1):226. 266;]A(2):1 11.
387-7C:1.,5 230X-1A:35, 379-1A:124,
387-6A:3.4 175X-1A:63, 378-1A:196.
437-2A:5.7 266-1A:276.
378-2{1):6.3
462-1A:8.6

1. Aluminum dish moid.,
2. Rerun.

In eddition, identification of major infrared spectroscopy peaks, via 10 meter infrared
and gas chromatographic/mass spectrographic scans, was to be carried vut. Also
"...none of the outgassed products shall constitute o toxic hazard to the crew, based
upon the criferia of accepiability of Test No. 6, Appendix A" (Ref. Appendix C). It
is seen from Table 7-6 that this aspect of the analysis was not investigated in F-175X~
1A, -230X-1A, or -266-1A (original and rerun). The base polymer in F-175X and
F-230X is no longer available., F-266 was analyzed in batch No, 4 (i.e. E-266-4).
The remaining formulations were analyzed in this regard and the results are noted in
the table, with F-266-4 being the only unsatisfactory one.

lt shouid be noted at this point that it was difficult to rationally reconcile some of
the date in Table 7-6. For example, F-175X-1A, -230X-1A, -378-1A, and
-379-1A, were all tested af 200°F. The polymer in F=175X-1A and F-230X-1A,
77-024, contained carbon black, whereas the related polymer in F~378-1A and
F-379-1A, 77-033, did not, Further, the cure cycles (see Table 7-2) for the two
77-024 formulations were significantly shorter than for the other two. However,
comparing the four compounds, we see that F=175X-1A and F-230X-1A have signi-
ficantly less tofal organics than the other two, and that the carbon monoxide is
essentially the same in all cases, except for F-175X-1A (i.e. approximately 300%
more). These particular disparities are of inferest since rhe fotal organics values for
F~378-1A and F-379-1A exceed the accepiable |imits of 200°F, but their carbon
monoxide values are the lowest at 155°F and are still quite low af 200°F.

7.2.3 Odor

The criterion for this test is specified in the Statement of Work (Ref. Appendix A,
Section 3.4.3), the value of which "...must not exceed 25, for the sum of 10 odor
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TABLE 7-6

CARBON MONOXIDE AND TOTAL ORGANICS (1)
~CONDITIONS/RESULTS-

Furane Ident, No., 175X~1A 230X~-1A 266-4 266-1A 266-1A (3) 378-3 378-1A

WSTF (2) Ident. No. 70~1671 70-1664 71-2583 70-1665 70-1665 71-2584 70-1731
initial wi, ( gm.) 20.0572 20,0629 20,0354 20.0025 10.0094 20.0114 20,0637
Test Chamber Vol. (liters) 4 4 4 4 2 4 4
Exposure '

Time (hours) | 72 72 72 72 72 72 72
Temperature (°F) + 5°F 200 200 155 200 200 155 200
Weight Loss (gm./gm.) 0.0054 0.0113 0.0016 0.0029 0.0023 0, 0002 0.0033

Weight Loss (%) 0.54 1.13 0.16 0.29 0.23 ° 0.02 0.33
Carbon Monoxide («.gm./gm.) 1.9 0.6 0.5 0.3 1.1 0.3 0.4
Total Organics {«gm./gm.) 63.0 35.0 226.0 (4) 276.0 m.o 6.3 (5) 196.0 (7)
Furane ldent. No. 379-3 379-1A 387-6A 387-7C . 387-3A 437-2A 462-1A
WSTF (2) ident. No. 71-2585 70-1732 71-2586 71-2587 70-1745 712665 71-2666
Initial wi. (gm.) 20,0228 20.0155 20,0803 10,0888 20,0126 20,131 20.0722
Test Chember Vol. (liters) 4 4 4 2 4 4 ‘4
Exposure B

Time (hours) 72 72 72 72 72 72 T 72

Temperature (°F) & 5°F 155 200 155 155 200 155 155
Weight Loss {gm./gm.) 0,0006 0.0070 . 0.0009 0.0012 0.0016 0.0006 .0,0006
Weight Loss (%) 0.06 0.70 0,09 0.12 0.16 0.06 . 0.06
Carbon Monoxide (s gm./gm.) 0.3 0.6 0.4 0.7 0.9 0.4 0.4
Toial Organics (4 gm./gm.) 1.2 {6) 124.0 (7) 3.4 (5) 1.5 (5) 12.0 (7) 5.7 (5) 8.6 (5)

(1) NASA-MSC D-NA-0002, Test Method No. 6

(2) NASA-MSC, White Sands Test Facility

(3) Rerun

(4) More than 10ugm./gm. 1-fluoro-l-chloroethyl benzene, aliphatic chloro compound (via 10 m. infrared and GC-MS scans)
(5) Less than 10.c.gm./gm. toluene (via 10 m. infrared and GC~MS scans)

(6)" No significant peaks (v w0 " " .

(7) No significant peaks (# nmon " scan )
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TABLE 7-8

ODOR TEST (1)
-CONDITIONS /RESULTS-

Furane Ident. No. [75X~1A 230X-1A 266-4 266-2A 378-3
WSTF (2) Ident, No. 70-1671 70-1664 712583 70-1665 71-2584
Material per Liter {gm.,) 5,069 5.057 5,100 5,063 5.042
Test Chamber Vol, (liters) ) 6 6 6 )
Exposure

Time (hours) 72 72 72 72 72

Temperature (°F) £ 5°F 200 200 155 200 155
Dilution with Oxygen {3) {4)

1:29 0.0 0.5 0.1 0.3 0.3 -

1:9 . 04 1.1 0.1 0.2 0.3

1:1 1.4 1.9 1.5 0.8 1.5
Furane ldent. No, 379-1A 387-6A 387-7C 387-3A . A437-2A
WSTF (2) Ident. No. 70-1732 71-—2536 71-2587 70-1745 71-2665
Material per Liter (gm. ) 5.04 5.016 5.0444 5.012 5.006
Test Chamber Vol, (liters) 6 6 2 6 é
Exposure

Time (hours) 72 72 72 72 72

Temperature (°F) + 5°F 200 (6) 155 155 200 155
Dilution with Oxygen

1:29 0.0 0.1 0.4 0.1 0.1

1:9 0.1 0.2 0.5 0.3 0.3

1:1 0.5 0.9 [ ) 2,1 1.3

(1) NASA-MSC D-NA-0002, Test Method No. 7 (average of 10 member panels)
(2) NASA-MSC, White Sands Test Facility
(3) Diluted 1050 ml concentrate with O9 in 2, [iter desiccator fo meet WSTF 620 ppm safety requirement

, (4) Diluted 395 ml concentrate with O9 in 2, liter desiccator to meet WSTF 620 ppm safety requxremeni‘

n n fl i

(5) Diluted 340 ml concentrate with O2 in 2, liter desiccator to meet
(6) Diluted 430 ml concentrate with O9 in 2, liter desiccator to meet

n n LH 14 n

378-1A
70-173I

5,053

72

379-3
71-2585



evaluations..."” (or 2.5 fo--the average of o 10 member panel). In addition to the
required exposure at 155°F, some of the compeunds were also exposed fo 200°F
prior to test. Table 7-8 tabulates the test conditions and final results, It is seen
that some of the formulations apparently outgassed too greatly to use as is and were
therefore diluted to the extent noted in the fable, prior fo test, A summary of the
1:1 ratio dilution results for the "tested" and for the "actual" conditions is shown in
Table 7-9, in the ascending order of "actual® values at 155°F and 300°F, The
"actual™ values are based upon the "tesred" values and any pre~dilution factor,
This, of course, assumes a proportional effect.

TABLE 7-9

QODOR: SUMMARY OF RESULTS

Foimulation Tested Actual {calc.)
No. F- 155°F 200°F 155°F 200°F
266-2A —— 0.8 ——e— 0.8
387-6A 0.9 —— 0.9 —
379-3 1.2 . 1.2 -—
437-2A 1.3 - D 1.3 —
378-3 1.5 o a 1.5 —
387-7C 1.6 — s 1.6 —_—
462-TA 1.7 —_— s 1.7 e
230X-1A - 1.9 —L —-- 1.9
387-3A — 2.1 e 2.1
379-1A —— 0.5 — 2.3
175%-1A — 1.4 f e 2.7
378-1A — 0.5 ? —-— 3.0
266-4 1.5 —— i 7.7 —_—

In three cut of the four cases where tests were run at both 155 and 200°F, the
expected increase at the higher iemperature is noted. However, F-266 shows the
reverse. Calculations also indicate this same trend for the other two dilutions for

this formulation. Peculiarities with this formulation were also present in the data
for CO/TO (see Tables 7-6 and 7-7).

Discounting the anomalies of F~266, we see that F-387-6A has the lowest average
value. But we find that although F-387~7C (i.e. another batch of the same formu-
fation) also passes the requirement, it has a fest value of almost twice that of
F-387-6A. Again, referring to the CO/TO values in Tables 7-6 and 7-7, it is
seen that F~387-6A has over twice the total organics and approximately half the
carbon monoxide of F-387-7C.
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7.2.4 Thermal Analysis: TGA/DTA

The conditions utilized for the deteimination of the thermogravimetric analysis
(TGA) and differential thermal analysis (DTA) of the compounds which were used
for the final screening, and the ensuing data, are tabulated in Toble 7-10, Upon
examination of the data traces in conjunction with the flammability results, the
first 600°F appeared to be the mosr significant, Specifically, endotherms below |
400°F seemed to strongly indicate chemical changes which affect the flammability
resistance of these compounds.

The couse for the weighi loss under partial vacuum (and no heat) of F-387-1A is
unknown, and is especially inexplicable since no such loss was ascertained in
F-437-2A. Nevertheless, it should be noted that the total weight loss up to 600°F
was only 8.4%. In comparison, reference is made to an original, but now obsolete,
requirement for this program that, with respect to the specimens, "Not more than
10% shall outigas or pyrolyze below this (600°F) temperature "

. Although the endotherm for F-387-1A occurs at 374°F, the irace shows only
approximately 1.0 mg (i.e. 0.35%) weight loss af 493°F. 1t is 10, mg (i.e. 3.5%)
at approximately 570°F,

7.2.5 Vacuum QOutgassing

The formulations evaluated for outgassing while exposed to the combined environment
of vacuum and heat, are listed in Table 7-11 with their test conditions and their
respective results. As the various final screening test results were analyzed, 1t
became evident that F~387 was of primary inferest. Thus, when the property
requirements in the Statement of Work (Ref. Appendix A) were amended to reflect
[imifations in cure condition requirements (i.e. 150°F, maximum), F~387 was
retested at 150°F while exposed to vacuum (F-387-8). The weight loss and maxi-
mum foss rate were higher than anticipated, considering the polymer's and flame
retardant’s respective known characteristics. For example, Dow Corning stafes that
(Ref. 7-2) ar 212°F/24 hours/1 x 106 torr, there is normally less than approximately
3.% weight loss; such loss being primarily due to low molecular weight cyclic material.
They also mainiain that their "special cleaning” procedures can achieve a weight loss
of 0.3-0,4%, with only 0.03% condensables, The Dechlorane 604 is reported (Ref.
7-3} to have a 354°F melting point, and a vapor pressure at 282.2°F of 0,0014 torr,

Specimens of the flame retardant, Dechlorane 604, and of the compound,F-387-3A,
were then subjected fo the following investigation:

Each specimen was divided info two approximaiely equal portions and weighted,
One portion of each material type was then preconditioned at 212°F., for four
hours, minimum. The two dried portions were then weighed and kept in a
desiccator when not in a vacuum or being weighed. The other two portions
were fested In the "as is" state,
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Furane ldent No.
WiSTF (1) Ident. No,

Oxygen (psia)

Initial Wt. (mg.)

Heating Rate (°F/min.)

Test Temp. Max. (°F)
Weight Loss (mg.)

Weight Loss (%)

Temp. Max. Wi. Change ( °F)
Temp. Max. Exotherm (°F)
Temp, Max. Endotherm (°F)
Temp, Initial Wi, Loss (°F)
Temp, Initial Decomp. (°F)

Furane ident. No,
WSTF (1) Ident. No.

Oxygen (psia)

Initial Wi, (mg.) -

Heating Rate (°F/min.)
Test Temp. Max, (°F)
Weight Loss (mg.)

Weight Loss (%)

Temp, Max., Wi, Change (°F)
Temp. Max. Exotherm (°F)
Temp. Max, Endotherm (°F)
Temp. Initial Wi, Loss (°F)
Temp, Initial Decomp. (°F)

TABLE 7-10

THERMAL ANALYSIS

~CONDITIONS/RESULTS~

175X~1A
70-1671
(2)

6.2
94.9
8.
941,
58.7
61.9
761.
770,
374,
212,
266

379-1A
70-1732
(5)
6.2
231.0
18.
599.
55.9
24,2
356,

> 599,
374,
76,
266.

230X-1A
701664
(3)
6.2
140.0
18.
932.
87.6
62.6
770.
788

~ 374,
212 .
302,

387-1A
70-1745

6.2
285.0
18.
599,
24.1 (5)
8.4 °
599,

2599,

. 374.
(6)
410,(7)

266-2A
70-1665
(4)

6.2
84.3
18,
932.
91.8
97.3
680.
hone
680.
374.
482

437-2A
71-2665

6.2
377.1
18.
599.
17.3
4,9
>599.
>599.
374,
266.
473. (8)

378-1A
70-1731
(5)
6.2
199.5
18.
599,
55.4
27.8
356,

2599,
392
176.
230 .

462-1A
71-2666
(%)

6.2
464.2
18.
599,
12,6
2.7

2599,

~ 536,
none
266.
554,



TABLE 7-10 (cont'd)

THERMAL ANALYSIS
~CONDITIONS/RESULTS-

Notes:

1.

NASA-MSC, Whife Sands Test Facility
Semple was shrunk and hard at test termination (941°F)
Residue was a hard cake, gray in color, and friable.
At approximately 626°F, the crucible was obscured by a cloud of white
off-gas material and coated the inside of the fumace 1:ube. No notakble
sample remained af tesi iermination ($32°F).
Residue was firmer and less yielding 1o touch than original specimen.
Sample lost 10 mg. under partial vacuum without application of heat.
Sample staried o char.. Residue was charred and fused,

" N " ", Sample was charred black at 554°F, Residue was
soft, sticky, and spongy. Heavy deposit of white elongated crystals was

left on inside of furnace tube.

No apparent change in sample.
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TABLE 7-11

VACUUM OUTGASSING
~CONDITIONS/RESULTS~

Weight
After Loss After After Condi- Loss Affer Conditioning

Formulation initial Post Cure Post Cure . tioning (2) Conditioning (2) Loss Rate, Max.
No. F- (mg) (1) (mg) {mg) (%) (mg) (mg) (%) (%/hr)
305-1 (4,8) 16,70 ——— - e 11.5 5.20 31.1 10.6
307-3A (5,8) 106.34 106,13 (7) 0.21 (7) 0.20 (7) 77.87 28,26 26,63 3.76
175X~1A 96.78 87.08 9.70 10.02 68,82 18.26 20,97 9.2
230X~1D (6) 26,00 —_— — — 72,28 23.72 24.71 23.1
266~2A 97.46 96.64 0.82 0.84 92.70 3.94 4,08 0.47
378~1 (6) 94,93 ——— ——— -— 70,80 24,13 25.42 32.9
379-1 (6) 94.84  —mm - - 71.30 23.54 24,82 26.0
387-3 (6) 97,30  —m- - — 47.29 50.01 51.40 25.0
387-8 (6) - 88.54 87.17 1.37 1:55 (9) 84.81 (3,10) . 2.41 (3) 2.44 (3) 0.16 (3)

8 hrs./150°F/10~4 = 1075 torr
24 hrs, /250°F/10~4 - 10-5 torr
24 hrs. /150°F/10~4 ~ 1072 torr

"Strip" mold specimen

. 2.4" 1D mold (standard faboratory alum, dish)
. 64 hrs./77°F/1079 torr
NASA-MSC~125K] formulation.

Inttial weight loss rate = 0,34%/hr.
. After post, cure, specimen was allowed fo reach ambient conditions over a 15 hr period. "“Initial" value at start of conditioning

1.
2.
3.
4,
5, 0.050" sheet
6
7
8
9
0

= §7.22 mg.



The four portions were weighed and exposad to 1074 torr vacuum aof ambient
temperature for sufficient time to reach a "steady" state condition. The
portions were then reweighed {with minimum air exposure}. They were nexi
subjected to 155 + 5°F and 10~4 torr vacuum for 24 hours. After cooling
under vacuum, they were then reweighed.

The resultant data is fabulated in Table 7-12. (The raw dota is included to clarify
conditioning cycles and the respective computations.} Upon examinaiion of the
data, the following several observafions appear reasonable and valid:

a. The cured polymer hes almosi an order of magnitude greater percent loss
in weight than the filler, Dechlorane 604, ot 212°F. This might have
been due either to adsorbed moisture on the polymer, or a very low
molecular weight polymer fraction.

b, The ambient temperature vacuum data also indicates that the slight D-604
weighi loss and the more significant loss by the cured compound is probably
adsorbed moisture.

c. The vacuum/theimal data, ioken in context with the previous daia,
suggests that although there appears to be no loss of D-604 at either 212°F
or in vacuum alone, a very slight amount of D~604 (i.e. approximately
0.035% per 25 1/2 hrs.) is lost in the combined environment. " This data
also further confirms that the higher loss by the cured compound is
apparently only due to adsaibed moisture and not to polymer fractions.

Based upon the above, it was felt that the "loss after conditioning" and the "maximum
conditioning loss rate" for F-387-8, shown in Table 7-11, were excessive, Subsequent
review of the piocessing dafa showed that the formulation for this tesi was molded in a
standard laboratory aluminum dish in the "as received” condition, [t was then con-
jectuted that these dishes were die stamped with the ¢id of a mold lubricant. Such a
lubricant could range from a simple natural fat fo more sophisticated types as silicene
oils and/or greases. These lubricants could readily cause abnormally high readings

by iransfer from the die to the aluminum cup, and then to the molding with:

a. volatilization then taking place in the combined environment, and/or

b. Inhibition of the polymer cure occurring. This could conceivably cause
non-crosslinked low molecular weight polymer fractions to be present
during the exposure fo the combined environment.

In order to determine the validity of these suppositions, part of o trimmed-away
section of a molded insulation resistance "reworked” specunen was carefully tested
at 150°F/10~4 - 105 torr. The mold for these specimens is made of aluminum and
steel with steel bolts. All of the formulation contacting surfaces of the mold have
skived Teflon tape as a release agent; said tape being secured to the metal substrafes
with o silicone pressure sensitive adhesive. Final cleaning of the mold consists of
mechanical removal of prior molding's residues and a careful wiping of all mold
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Test Conditions
Or Weight
ldentification

Initial Wt. (gm)
P.C. ‘A" Wt. (gm)
Wi, Loss (gm)

Wt. Loss (%)

Inttial Wt. (gm)
P.C. 'B' Wt, (gm)
Wt. Loss (gm)

© Wt. Loss (%)

P.C. 'A' Wt. (gm)
P.C. 'B" Wt. (gm)
Wt. Loss (gm)
Wt. Loss (%)

Initial Wt. (gm)
P.C. 'C' Wr. (gm)
Wi, Loss (gm)

Wt. Loss (%)

P.C. 'A' Wr. (gm)
P.C. 'C" Wi, (gm)
Wt. Loss (gm)
Wt. Loss (%)

P.C. 'B' Wt. (gm)
P.C. 'C* Wt. (gm)
Wt. Loss {gm)
Wt. Loss (%)

TABLE 7-12
VACUUM OUTGASSING
-ENVIRONMENTAL EFFECTS-

Calculations: Weight or Weight Loss
DECHLORANE 604 Formulation 387~3A
Predried No Predry Predried No Predry

4,2215 4.5131 1.2305 1.0245
4.2196 - 1.2261 ——
0.0019 —- 0.0044 -
0.045 —— 0.358 -—-
4.2215 4.5131 1.2305 1,0245
4,2202 4.5116 1.2302 1.0227
0.0013 0.0015 0.0003 0.0018
0.031 0.033 0.024 0.180
4,2196 ——- 1.2261 —
4.2202 4,5116 1.2302 1.0227

[0.00061 — [D.00411 _—

10.014 1 . [0.335 7] -
4.2215 4,5131 1.2305 _  1.0245
4,2185 4,5099 1.2259 1.0209
0.0030 0.0032 0.0046 ——0.0036
0,071 0.071 0.374 0.359
4.2196 ——- 1.226] -
4,2185 4.5099 1.2259 1.0209
0.0011 —- 0.0002 S
0.026 i 0.016 ——
4,2202 4,5116 1.2302 1.0227
4,2185 4.5099 1.2259 1.0209
0.0017 0.0017 0.0043 0.0018
0,040 0.038 0.350 0.180

Post Condition 'A': 4 1/4 hr/212°F,
" " 'B'; Ambient temp./10 min/1 x 1074 torr.
n Mo QY 155 4 59F/25 1/2 he/ 8 x 102 torr.
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surfaces with methyl ethyl “efone. A 15 minute bake of each cleaned mold part
at 150°F completes the process. U was therefore felt that the F-387-8C trimmings
were reasonably uncontaminaied. i should be noted that the designation F-387-8
and -8C indicate that both were not only from the same formulation, but also from
the same baich and cured identically at the same time.

The conditions and results of this test are shown in Table 7-13. (Again, raw data
are included to facilitate a better understanding of the results,) Some periinent
commenis are:

a. The 24 hour combined environment weight loss percentages for the cured
compounds shown in Tobles 7-12 and 7-13 are quite consistent (i.e. 0.374
vs. 0.71). The somewhat higher value for F-387-8C could be attributable
to the fact thal the weighings for Table 7-12 were carried out in air,
whereas those for Table 7-13 were conducted with an in-situ microbalance.
The former was obviously more subject to moisture pick-up during the

. weighing process.

b. Without resorting to the aflowable (Ref. Appendix A, Section 3.3.4) post
cure of 8 hours at 150°F, F-387 meets the requirement for a 1.0% maximum
weight loss for 24 hours, and barely (i.e. 0.12%/hr) falls ouiside of the
requirement for 0,1% per hour maximum loss rate for 24 hours, If the post
cure is utilized, it is seen that this formulation easily meets both require~
ments. [n fact, the conservatively calculated data for a specimen which
had been post cured and then exposed 1o 48 hours of the combined environ—-
ment shows that the fotal percentage of weight loss, as well as the
maximum welight loss rate, would still comply with the *1.0% maximum
weight loss for 24 hours" requirement (i.e. 0.99% and 0.025%, respeciively).

c. |t is assumed that the ropidly declining loss rate from the initial high value
of 0.12% per hour is, as noted above, primarily due to the immediafe loss
of adsorbed water.

d. The rate of weight loss decreased with exposure time.

e. There was a moderate amount of white deposif or condensate left on the
walls of the glass hangdown tube when F-387-8 was run, The temperature
of the glass af the point where the condensate began was approximately
120°F. A sample of the deposit was found to have a melting point of
356-360°F. This indicated that the deposit was D-604. Only a slight
amount of deposii was defected in the F-387-8C iun.

7.2.6 Insulation Resistance

The results of a preliminary evaluation of the electrical properties of the formulations
which were given a final screening are shown in Table 7-14. The results showed that
of the formulas evaluated in this screening phase, those primarily dependent upon
organo- halogen compounds as the flame retardant, readily passed the insulation
resistance test, and had the best insulation resistance. The rest either marginally
passed, marginally failed, or clearly failed.
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TABLE 7-13
VACUUM OUTGASSING
~CONDITIONS/RESULTS~
(Foimulalion 387-8C) (1, 2)

Time Weight Weight Loss Weight Weight Loss
Loss Rate Rate, Max,
(hrs) {mg) (mg) (%) (%/hr) (4) (%/hr)
0 95.780 -0- ~0- 0.12 B
8 95.466 0.314 0.33 (3) 0.025
24 95.104 0.676 0.71 (3) 0.022
32 ?4.931 0.849 0.89 (3) 0.019 0.12
48 94.657 1.123 1.17(3) 0.017
56 (5) ~94 521 ~1.259 ~1.32 <0.017 b4
8-32 — 0.535 0.56 (6) —— 0.025
8-48 — 0.809 0.85(6) --- 0.025
48-56 (5) e 20,136 ~0,14 (6) -~ 0.017
8-56 (5) ——— ~ 0,945 ~0,99 (6} ~-- 0.025
2448 e 0.447 0.46 (6) ~~- 0.022
1. Part of trimmed-away section of insulation resistance "reworked"” specimen.
2. 150°F/10~%4 ~ 10-5 forr.
3. Based on 95.780 mg.
4, Tangent value af hour indicated; indicated hour weight taken as base weight.
5. Conservatively calculated from weight at T=48 hours, and weight loss rate at T=48 hours.
6, Based on initial weight of measurement period,
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TABLE 7-14

IINSULATION RESISTANCE (1,2)

Results (3)
Formulation (x 104 megohms)
MNo., F~ Min. Max. Ave.
462-7 770, 950. 890.
437-4 410, 540, 470,
387-12C (4,5) 400, 490. 460,
387-6C (4,5) 220, 270. 240,
3874 (4,5) 88. 100. 94,
230X-2 11. 13. 12.
Requirement (6) 10. ke -
387-2 9.6 12. 11.
3792 9.5 17. 13.
175%-3 3.7 4.9 4.4
266~3 0.35 0.38 0.36

1. Tested at 77-79°F/51% relative humidity.

2. Electrification fime: 1-2 minutes, Applied voltage: 500 VDC.,
3. Single specimen data; 4 readings per specimen.

4, Tesled at 75°F/53% R.H.

5. Reported alse for Final Characterization (see Table 8-5)

6. Ref, Appendix A, Table I.
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SECTION 8-

NONFLAMMABLE FORMULATIONS DEVELOPMENT: PRODUCT CHARACTERIZATION

8.1 FORMULATION SELECTION

A summary of the Final Screening Tests are tabulated in Table 8~1, The general
superiority of F-387 is noticeable, and was therefore selected for the complete
product characterization,

8.2 FORMULATIONS/PROCESSING

The compositions of the baiches which were prepared for the final screening and
product characterization of F~387, are defined in Table 8~2, The associated
processing data is tabulated in Teble 8-3,

8.3 EVALUATION

Table 8-4 is provided herein in order to clarify the genesis of the individual test
specimens with respect to the opplicable specific batch and cure cycle,

8.3.1 Thermal Properties

The so-called "piggy back" test (Ref. Appendix A, Section 3.4.1.2) was the only
flammability test not heretofore conducted. The test was carried out with the two
potted connectors at their closest positions, with one directly above the other. The
ignition squib was placed immediafely below and against the botiom surface of the
boftom connecfor on the wire fermination sides of the fwo connectors, The fest
environment was 16.5 = 0,1 psia, 60% oxygen/40% nitrogen.

At test initiation (T,) an initial current of 5 amperes was applied fo the nichrome
wire igniter coil. At Ty plus 30 seconds this current was increased to 10 amperes,
Smoke was first noted emitting from the silicone igniter at Ty plus 41 seconds;
ignition of the silicone igniter occurred at T, plus 43 seconds. Flames from the
silicone igniter enveloped the lower connector and large amounts of black smoke.
were nofed; the smoke increased in intensity until the flames extinguished. At Tg
plus 60 seconds the current fo the nichrome wire igniter coil was increased to 15
amperes; wire failure occurred at Tg plus 85 seconds. Any evidence of flame was
not visible at T, plus 95 seconds. The final chamber pressure was 16.7 psia.

The acceptance criferia for the material (Ref. Appendix A, para. 3.4.1.2) is

either that the lower connector fails fo ignite or if the lower connector burns, it
must not ignite the upper connector. Hence, F-387 passed since the upper connector
did not ignite.
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TABLE 8-1

FINAL SCREENING RESULTS
~ SUMMARY (1) -

Formulations

Test 175X 230X 266 378 379 387 437 462
qummabiiiiy F F F P F P F F
CO/TO {155°F) P P F P P P P P
w " (200°F) p p F F F p —- -
Odor (155°F) —— —— F P P P P P
" {(200°F) F P P F P P ——ane e
TGA (2) 3/6 3/5 1/2 4/7 4/6 ~/4 2/3 2/1
Vac. Qutgassing {150°F) - - —-— s —— P —— ————
" " (250°F) 3) 2 3 1 5 4 6 — _—
Insul. Resistance F P F F F P P P

Fouuu Fail

1. Based upon "criteria” {(Page 7-9) and "ancillary factors” (Page 7-11).
2, Based on temperature of initial weight loss and initial decomposition:

T..... Highest
- SR Lowest

3. Based on % fotal wt, lost and max. rafte of loss:

1.....Best
8.....Worst



TABLE 8-2

FLUOROSILICONE RTV'S WITH ADDITIVE

(For Final Screening and Characterization)

Formulations (phr)

Component g1 387-3 387-4 46lL-1 387-5 387-6 387-7 387-8 usl-2 387-9 387-10
77-033 12 100. 100.
77-033 (1) 12 100. 100.
DECHLORANE 604 16 150. 150. -
DECHLORANE 504 (2) 16 150. 75.
DECHLORANE 604 (3) 16 75.
ugl-1 13 250. 250, 250. 250. :}250_
4612 13 250,
77~033 Catalyst 12 10. 10. 10. 10. 10. 10. 10. 10. 10, 10.
S.ee.sr.S0urce {(See Table 6-1)
1. De-aerated at 29-30 in. Hg./2 hvs..
2. 100-170 mesh
3. 100% through 170 mesh



TABLE 8-2(cont'd)

FLUOROSILICONE RTV'S WITH ADDITIVE

(For Final Screening and Characterization)

Formulations (phr)

cu) (5) (6)
Component S y61-3  387-11  387-12  387-13  387-14  387-15  387-16 387~17 387-18
77-033 (1) 12 100.
DECHLORANE 60% (2) 16 75.
DECHLORANE 604 (3) 16 75.
461-2 13 "\ 950
4613 13 ) 250. 250. 250. 250. 250, 250.  250.
77-0338 Catalyst 12 10. 10. 10. 10. 10. 10. 10, 10.
St venas Source (See Table 6-1)

4. Half of specimen is 387-7C (Repair Test)
5. Half of specimen is 387-8C (Repair Test)
§. Half of specimen is 387-9C (Repair Test)



TABLE 8-3

FLUCROSILICONE RTV'S WITH ADDITIVE
(For Final Screening and Characterization)
- FORMULATION PROCESSING ~

Cure (1) Post Cure Total
Formulation Time Temp. Time  Temp. Time @ 150°F
No. F- ' (hrs/min) (°F) {(hrs/min}  (°F) (hr/min)
387-3 ‘ 12/50 _ 150 —- —- 12/50
-4 1/50 n 14/45 150 16/35
-5 9/20 . 2/40 v 12/-
-6 7/32 " 4/28 " 12/-
-7 6/20 n 5/50 " 12/10
-8 15/30 g —- — 15/30
-9 12/38 . [ 12/38
~10 12/~ " i —— 12/~
=11 &/- " 7/15 150 13/15
12 9/40 n 2/20 % . 12/-
-13 16/- " — - 167/~
14 24/43 L — — 24/43
-15 I 9/35 n 2/50 150 12/25
-16 = 12/~ " —- e ~12/-
17 12/30 w —- S 12/30
-18 ] 12/30 LS I ——- 12/30

1. Time in mold



TABLE 8-4

FLUOROSILICONE RTV'S WITH ADDITIVE
~SPECIMEN DISPOSITION-

(For Final Screening and Characterization)

Specimen
No, F- Test
387-3A Odor and outgassing (200°F), TGA ~
B Flammability (connectors):D-NA-0002, Test No. 5
387-4 Insulation resistance {no preconditioning)
387-5A Fungus resistance
B Flammability (connectors): Work Statement, para. 3.4.1.2
(piggy-back)
C Insulation resistance (moisture cycle)
D Shrinkage
387-6A Odor and outgassing (155°F)
B Dielectric constant, power factor, and arc resistance
C Insulation resistance (no preconditioning)
387-7A Tear, tensile strength, and elongation: partial
B Dieleciric constant, power factor and arc resistance
C Work Statement, para. 3.4.5.4 (insulation resistance/
repairability), odor and ouigassing (155°F)
387-8A Tear, tensile strength, and elongation: partial
B Dielectric consiant, power factor, and arc resistance
C Work Statement, para. 3.4.5.4 (insulation resistance/
repairability), vacuum volatility (No. 2)
D Vacvum volatility (No. 1}
387-%A Dielectric strength
B Surface and volume resistivity
C Work Statement, para. 3.4.5.4 (insulation resistance/
repairability)
387-10A Dieleciric strength
B Surface and velume resistivity
C Insulation resistance {vacuum exposed)
387-TA (Additional molded sheei')‘
B Surface and volume resistivity
C Insulation resistance (moisture cycle)
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TABLE 8-4{(cont'd)

FLUOROSILICONE RTV'S WITH ADDITIVE
~SPECIMEN DISPOSITION-

(For Final Screening and Characterization)

Specimen
No. F- Test
387-12A Dielectric strength
B Dieleciric strength _
C Insulation resistance (no preconditfioning)
387-13A Dielectric sirength
- B Insulation resisiance (moisture cycle)
C Pot life
387-14 Work Sfcfemen’r,‘pam. 3.4.5.4 (insulation resistance/
repairability of F-387-7C)
387-15 Work Statement, para. 3.4.5.4 (insulation resistance/
repairabil ity of F-387~8C)
387-16 Work Statement, para. 3.4.5.4 (insulation resistance/
repairability of F~387-9C)
387-17 Wire bond strength
387-18 } Wire bond strength
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8.3.2 Electrical Propertie:

A summary of the electrical resulis are given in Table 8~5. It is seen that except
for two tests, all of the elecirical requirements are readily met.

Although the average value for dielectric strength meets the requirement for 350,
volts/mil, one of the five tested specimens had a value of 340. volts/mil. This is
fess than approximately 3% low; considered well within the test accuracy, and less
than the amouni that the average value exceeds the allowable minimum,

The arc resistance results were initially of concern. When the test was run, the
typical conductive carbonaceous track was observed after approximately six seconds,
In order to place this observation in its proper perspective, the insulation resistance
of the two connectors which had been exposed to the "piggy-back" flammability
test, was checked with a standard multimeter. The insulation resistance exceeded
the Instrument's maximum range (i.e. 1 x 107 ohms) when measurements were made
from a) pin 1o pin, b) pin fo carbon coated surfaces, c) pin to carbonized surfaces,

+ or d) carbonized surfaces to carbonized surfaces. i is evident that this phenomena
necessitates further investigation to determine:

a. effect of high voltage dieleciric breakdown on other electrical properties,

b. whether sub-surface high voltage breakdown for this compound has a similar
behavior, and

c. whether this characteristic can be utilized for a self-indicating poiting/
coating compound to detect a high voltage dieleciric breakdown, while
normally functioning as o good electrical insulating self-extinguishing
system, This could provide o unique visual method which not only called
attention to a high voltage failure, but also designated the failure's
location.

Since a large proportion of the electrical evaluation was based upon the insulation
resistance test, some aiteniion was given fo the inherent accuracy of this test (i.e.
ASTM Test Method D-257) with respect to material, temperciure, and humidity.
Regarding material, ASTM states (Ref. 8~1) thai:

", ..determinafions are usually not reproducible to closer than 10%, and often
are even more widely divergent {a range of values of 10 fo 1 may be obtained
under apparently identical conditions).”

As to temperature and humidity, this definitive reference {Ref. 8-1) further states
that:

", ..For some maierials a change from 25 to 100°C may change insulation
resistance or conductance by a factor of 100,000; a change from 25 to 90
percent relative humidity may change them by as much as a factor of
1,000,000 or even more..."
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TABLE 8-5
ELECTRICAL PROPERTIES

(Formulation 387 }

8-9

Requirement (%) Results
T/M Value No. . Min Max. Ave,
Property (1) (2)
Dielectric Constant - T- 5.0, max. 3 4.7 4,8 4.7
- Power Factor T 0.09, max. 3 0.020 0.021 0.020
Dielectric Strength
(V/mil) (3) M 350.; min. 5 340, 390. 370.
Volume Resistivity (4) .
{(x 1012 ohms-cm) T 1.0, min, 3 19. 30. 24,
Surface Resistivity
(x 10'2 ohms) T 1.0, min, 3 230. 720, 390,
Arc Resistance (seconds) (5) T 45,, min. 3 6. 6. 6.
Insulation Res. {megohms) (6)
set
A. No Precond., amb.
(x 10°) M 1.0, min, 3 9.4 46,0 26.5
No Precond., 212°F M 750., min. 3 3800, 2000, 5%900.
B. No Precond., amb.
(x 10 3) M 1.0, min. 3 21.0 61.0 44,7
Precond. {7), amb. M 200., min. 3 7.9 9.6 8.8 x 10%
Precond. (7), 212°F M 200., min, 3 860. 1130. 980.
C. No Precond., amb,
(x 10°) M 1.0, min. 3 22.0 29.0 25.3
Repaired, amb. (x 10°) M 1.0, min. 3 59.0 69.0 64.0
Repaired, Precond. (7)
amb. M 200., min. 3. 7.7 8.2 8.0x 104
Repaired, Precond. (7}
212°F M 200., min. 3 870. 880. 870.
D. No Precond., amb.
(x 10%) M 1.0, min, 1 -— —— 24.0
Piecond. (8,7) amb. M 200., min, 1 —— ——— 10.0 x 10%
Precond. (8,7) 212°F M 200., min, 1 ——— — 260,
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TABLE 8-5 {cont'd)
ELECTRICAL PROPERTIES
(Formulation 387)

T..... Target value M..... Mandatory value

. Number of individually fabricated specimens.

. 50 mils.

. Potfing. )
Based on average value out of 5 for each specimen.,

. Based on average value out of 4 for each specimen.

. Moisture cycle: 75-160°F/95% R.H./ 1 day per cycle/5 days.
Ambient temp./24 hrs/1 x 10-4 torr.

. Ref. Appendix A.



With this in mind, a series of tests were conducted on a single insulation resistance
specimen, F~387-11C, The test condiiions and results dre tabulated in Table 8-6.

TABLE 8-6

[NSULATION RESISTANCE TEST CONDITIONS
(Formulation 387-11C)

Test Conditions (1) Results (2)
Steps  Time Temp. Rel. Humid, Min. Max. Ave.
(°F) (%)
. 0.5 75. 53. 5.6 6.4 6.1 x 1012
. 5 cycles of moisture conditioning per MSFC-SPEC~202A, para, 4.4.3.11,
0.5 82. 68, 8.5 9.2 . 8.9x1010
0.5 212, -— 9.1 10.0 9.5 x 108
. 0.5 83. o~ -0- (3) 4.6 9.8 6.8 x 1011

LE R N % B B
[ .

1. Successive evenis,

2. Four readings per test condition.

3. Tested in 57% 1elative humidity immediately (test completed in {5, minutes) after
removal from a 72, hour desiccation over silica gel.

If is seen from Table 8-5 that for an approximately identical set of test condifions,
ihe resulis for all of the ten ambient tested specimens were well within one order

of magnitude. Comparing the femperature change from ambient to 212°F (i.e. steps
3 and 4 of Table 8-4), we see that the results are within two orders of magnitude.
Less than one order of magnitude change occurred between approximately zero R H.
and 68% R.H, All of these comparisons show that F-387 is quite consisteni, regard-
less of specimen/batch tested, and variations in temperature and relative humidity,

8,3.3 Mechanical Properties

The daia in Table 8-7 indicates that the mechanical strength of F-387 is generally
fower than the required values. However, the extensive "handling” of the cured
compound while preparing the test specimens, and during the actual testing phases,
clearly showed that the mechanical properties were stiil sufficiently high for
pracitcal usage. The 130% elongation permits beiter load sharing than what occurs
with the more rigid potting/coating compounds.

It should be noted that although only three tear, fensile, ond elongation specimens

are normally required (Ref. 8-2) five were utilized fiom two separately molded
sheefs in order to better observe anomalies and extent of spread in the data.
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TABLE 8-7
MECHANICAL PROPERTIES ~
(Formulation 387)

- Requirement (1) Resulis
T/M Value No.  Min. Max, Ave.
Property (2) (3)
Tear Strength (ib/in) M 25., min. 5 11. 4. 13.
Tensile Strength {psi) M 250., min. 5 84. 98. 20.
Elongation (%) M 125., min. 5 120. 140. 130.
Wire Bond Sirength (Ib/wire) M 10., min.
TFE {4) Wire 15 10.3 11.8 1.0
Kapton/FEP (5) Wire 15 25.8 . 6
Specimens with )
Cohesive Failure (6)
TFE T ( Cohesive 15
K/FEP T ( failure 15

Ref. Appendix A

..... Target value M. ....Mandatory value

Number of individually fabricated specimens.
Polytefrafluoroethylene coating.

Polyimide/FEP fluorocarbon laminated films with top coating of FEP
fluorocarbon dispersions,

Number of specimens having cohesive failure greater than 50%.

—

*

o oo h —

o



8.3.4 Physical and Chemical Properties
Viscosity data is presented in Table 8-8. The data shows that:

a. the base is very slightly thixotropic,

b. the catalyst more than compensates for the increase in viscosity cavsed by
the addition of the Dechlorane 604,

c. the viscosity of the catalyzed compound is fess than the "minimum" 100
poise shown as the requirement,

d. the viscosity of the base is less than that quoted by the vendor (i.e. 400-800
poise) (Ref, 8-3),

The cafalyzed compound is white. It was consistently found to be homogeneous, with

no coarse patticles, when prepared from selected particle sized D-604 and carefuily
blended. No readily seen voids were present in oven cured specimens. The presence

of microscopic voids was contingent upon the extent of degassing of the catalyzed
formulation, The-degassing was carried out af room femperafure since the polymer's
vendor feels that "...the crosslinker in the polymer might volatilze under a thermal/
vacuum ireatment,” (Ref., 7-2). A conventional 29-30 in. Hg. vacuum system was used
in the Project's degassing activities.

Although the Project's principal concern with hardness was the necessity of complying”
with the applicable iequirement of the Statement of Woik, it was also utilized as a
qual ity assurance criteria in evaluating the effectiveness of several batches of 77-033
catalyst. This latter siiuation arose when mislabeled cotalyst was sent by the vendor,
At their suggestion (Ref. 8-4), the hardness of cured polymer castings was measured,
using different batches of catalyst (Teble 8-9). Dow Corning reports (Ref. 8-3) a
hardness range of 30~40 (Shore A) when cured 24 hours af room temperature, The
data shows that when the same batch of polymer base is catalyzed with the required
10 phr of both the original and the most recent catalyst batches, there is o significant
difference in the hardness, The "original" specimen is clearly not satisfactory,
whereas the "most recent” specimen is exactly in the expected range. It is also
evident that the degassed specimen had slightly lower results, but with less data
spread, Batch 3198 catalyst was so obviously defective {i.e. well defined separation
of two liquids present in shipping containers, and rust pariicles in container) that no
attempt was made to use it, Subsequent investigation by the vendor substantiated our
rejection of this batch,

The above results suggested that o closer examination be made of the data obtained
from formulations F-387-1, -2, -3, and -4, which were prepared from the batch
271B catalyst., Although these foimulations were used extensively in the final screen -
ing tests, the only specimen which could be comparatively evaluated with similar
ones made from another 77-033 catalyst batch was F-387-4, a non-preconditioned
insulation resistance specimen. This specimen had a room temperature average test
value of 9.4 x 10'1 ohms, whereas the other nine specimens similarly fested were
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TABLE 3-8

VISCOSITY
(Formulation 387)

Material Requirement Test Conditions (2) Viseosity
/M Value Volume Speed  Temp. (poise)
(1) (poise}  Beaker Mat'l. (pm)  (°F) Min. Max.
77-033 Base (8) —— 600, 450, 10. (8) 77. 1.6 77.0
(3) 250, 150.(7) 10. (8) 77. 73.2 75,0
600, 450, 10. (9) 77. 71.0 76.5
250, 150.(7) 10, (9) 77. 75.7 75.7
77-033/150 phr (6) m—— 600, 450, 1.(10) 77. 6.3 99.8
Dea:?lorcme 604 250. 150.(7) 1.(00) 77. 93.8 1i100.+
77-033/150 phr M 100.= 250, 150.(7) 1.(10) 78.  52.8 56.5
Dechlorane 604/ 6000,
77-033 catalyst
(5)
1. T..... Target value M..... Mandatory value
2. Brookfield Model RVT Viscometer, spindle No. 6.
3. Inventory No. 319A-2/3,
4, F-461-1,
5, F-387-5,
6. Test not required by Siatement of Work.
7. Resin level: approx. 1/4" below spindle mark.
8. Pre-stirred 50. hours.
9. Pre-evacuated 2 hours at 77°F under 29-30" Hg. vacuum.
10. Pre-stitred 1. hour,



Si-8

TABLE 8-9

HARDNESS
Hardness (Shore A-2)
Inventory No. Cute af Aluminum Cup Mold (1)
Specimen  Polymer Polymer DECHLORANE  150°F Exposed Surface "Aluminum Surface
No, F-~ Base Catalyst 604 {hrs/min)  Min. Max. Ave, Min. Max. Ave,
268-2 319A-3 2718 (2) — 2/~ (6) 22. 32, 25. 22, 26, 24,
268-3 319A-3 345 (3) —- o 35. 45,  40. 32, 4é. 34,
268-4 319A-2/3 (9) 345 (3) _—— o 38.  40. 38. 35, 39. 38.
Requirement Sheet Surface (11)
/M Value No.
(10) (12) Min. Max, Ave.
387-6B, ' 319A-2/3 (9) 345 (3) 335 (4) 12/~ (6) : f 7 54. 61, 59,
_6C n n il 13 H .[I fl. " 4 52‘ 59. 56.
_7A n [}] [} 1] A n 1 ]2/] O 118 T 50_‘.85 7 50. 70. 66'
'-'8A " 1 i [ It n ]5/30 ] 6 65. 72. 68.
1A Wooa o mw "5y 13/15 (7) 6 75. 80,  77.
346 (5)
-12C " " veon 335 (5)/ 12/~ (8} 4 63. 67, 65,
346 (5)
Total P e —mem 34 m—— e
Ave, T 50-85 --- 40. 68. 65.
1. In "as received" condition, 7. Degassed 10, minutes/80°F/29-30" Hg. vac.
2. Original catalyst batch, 8. Degassed 10. minutes/ 74°F/29-30" Hyg. vac.
3. Most recent catalyst batch, 9. Degassed 2 hrs/ambient temp./29-30" Hg. vac.
4, 100 - 170 mesh. 10, T.ooeun Target value M..... Mandatory value
5. Patly 100 - 170 mesh, partly less than 170 mesh. 11, Mylar mold surface,
6. Not degassed. 12, Readings per sheet.



in o range of 2.1-6.1 x 1012 ohms. Likewise, the fesfs at 212°F showed that
F-387-4 again had the lowest resistance (i,e. 3.8 x 107 ohms as compared to 5.9
and 8.0 x 107 ohms), Even though F-387-4 specimen had the lowest resistance,
the insulation results did not deviate that significantly from the other insulation
resulis to unequivocally establish a relationship with the quality of the catalyst,
However, it is certainly suspect and would justify further analysis for its future use.

[t is seen from Table 8-9 that the inclusion of 150 phr Dechlorane 604 almost
doubles the hardness. It is also evident that all of the 34 readings from the six
separate sheets fall within the required range.

The specific gravity of three molded 1." x 1." % 1." cubes of F~387 were deter-
mined o be:

Minimum: 1.65
Maximum: 1.69
Average: 1.67

Since the requirement is 2,2, maximum, F-387 meets this objective.

These some cubes were measured and found fo have less than 1.% shrinkage. This
also complies with the requirement of the Statement of Work (i.e. 3.%, maximum).

Four replicares of F-387-5A were inoculated with a spore suspension of four pure
culiured fungi per Reference 7-1, Section 4.4.3.9, for 28 days at 86°F, There
was no visible change in the appearance of the specimens following this exposure,
This met the requirement of the Statement of Work (Ref. Appendix A, Section
3.4.5.1).

Based upon the remaining requirements of the Stafement of Work {Ref. Appendix A),
the following pertinent comments apply to F-387:

a. Section 3.2.2: An adhesion promoting primer, 1200 {Dow Coming Corp. ),
was evaluated in the wire bond pull fest and some of the elecirical
insulation specimens, The primer was applied by dipping the subsirate into

it. It can also be applied by spraying, or wiping on with a [inf-free cheese

cloth. The primer was allowed to dry for 1.-1.5 hours (the vendor recom-
mends 1.0 hour at 77°F and 30.0%, minimum, relative humidity). No
difficulty was encountered in its use,

b. Section 3,2.3: The vendor's duta sheet for the polymer (Ref., 8-3) does
noi provide any information regarding its toxicity or the need for special
handling precautions. However, baszd upon information pertaining fo
somewhat similar polymeric systems, i is believed that no unudual preceu-

tions are needed in ifs use. The vendor for the Dechlorane 604 stipulates
(Ref. 7-3) that:




"Tests conducted on rats indicate that Dechlorane 604 may be relatively
non-toxic by oral ingestion and non-irritating to the skin. |t may be
slightly irritating fo the eyes."

Although the above information regarding the principal constituents of
F=387 suggest that no pofeniially toxic materials are present, it is still
advisable to utilize normal industrial hygiene practices during the

" processing of F~387.

Section 3.2.4: Due to the inherent characteristics of the constituents in

F~387, it is not feasible to make it transparent. Although no special
pigments or color additives are required, it may be deemed useful as a
quality control device to pigment .the catalyst in order fo assure complete
blending of the two component system. Suitable non-foxic pigments have
been selected and used in similar polymeric systems (see Section 10, ).
Section 3.3.2: The compound can readily be applied by spatula, or by

injection or extrusion gun. Slightly greater difficulty is encouniered
when applying F-387 by brush or dipping. A mastic-type-gun would be
needed if spraying was desired.

Section 3.3,3: F-387 has a pot life of approximately 2-2 1/2 hours at

/5~80°F when used as a potting material; 1-2 hours when used as o
conformal coating. )
Section 3.3.4: F-387 is tack-free in 5-8 hours af room temperature, The

Project has generally cured F~387 during the data gathering phases of this
program for approximately 12 hours at 150°F, The polymer's vendor states
(Ref. 8-3) that full physical properties and best adhesion con be achieved
in only four hours at 150°F or seven days af 77°F. The 12 hour cycle was
selected in case polymer growth was in any way slowed by the presence of
the D-604, This concern may be groundless; additional testing is needed
to clarify this issue,

Section 3.3.5: F-~387 has not yet been exposed fo o six month/70°F,

maximum, storage cycle and retested to the criferia of the Statement of
Work (Ref. Appendix A). However, the polymer's vendor claims (Ref.
8-3) that 77-033 has a shelf life of 6 months.
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SECTION 9

NASA-MSC FORMULATION SG-12KI

9.1 FORMULATION SELECTION

In accordance with contractual requirements (Ref. 9-1}, the Project prepared.and
tested o NASA-specified flame retardant formulation (Ref. 9-2).

9.2 FORMULATION/PROCESSING

The compositions of the batches which were prepared per SK-12K1 are listed in
Table 9-1. The associated processing data is shown in Teble 9-2, Formulation
blending and cure cycles were as specified by NASA (Ref, 9-2).

2.3 EVALUATION

Table 9-3 is herein provided fo clarify the genesis of the individual test specimens
with respect to the applicable specific batch and cure cycle. Table 9-4 tabulates
qualitative data for various mechanical properfies. It is seen from this table that
these qualitative values were unchanged whether the post cure was 25, or 96. hours.

The evaluation criteria for SK-12K1 is as stipulated in the Statement of Work
(revised 13 Aug. 1968) and as modified in Reference 9-1.

SG~12K1 was tested via the Furane "preliminary® flammability procedures (Ref.
Appendices H and N), using the 1/4" x 1/4" x 1.0" specimen (Ref. Appendix O),
The resultant data are presented in Table 9-5. None passed the fest in 6.2 psia

oxygen.

All of the thermal property data are summerized in Tables 9-6 and 9-7. The elec-
trical properties are shown in Table 9-8. The mechanical properties are tabulated
in Table 9-9. Phys;ca|/ophccl properties are hsred in Table 9-10, The chemical
properties are covered in Table 9-11. ) )

The poor flammabilify resistance and unsatisfactory electrical properties after the
moisture cycle were the most objectionable characteristics of this formulation. In
addition, the thermal/vacuum weight losses were excessive. The solubility and
hygroscopic najure of the ammonium phosphafe was the source of the difficulties
in high humidity environments,

This formulation appears suitable for use as a poff-igg/encapsulaﬁng compound in
a low, or even moderate, humidity environment, and/or in the presence of a low



Component

TABLE 9-1

FORMULATION NASA-MSC-SG~12K]|

Formulations (phr) (1)
S1{300-1 301-1 30%-1 806=1 3208-1 311-1 311-2 311-3 30u4-1 303-1 303-2 303-3 303-4 305-1

SYLGARD 186
NHHHZPOM

300-1
301-1
302-1

7570 Glass Frit(2)
7570 Glass.Frit(3)
7570 Glass Frit{u)
7570 Glass Frit(5)

S-186 Catalyst

12{ 100. 100. 100. 100. 100. 100.
10 75. 75. 75. 75. 75. 75.

13 175. 175. ' : .
13 . 225, . .
13 288, 295, 225. 225. 225.

21 50. ‘
21 50. : £
21 50. .

21 50, 50. 50.  50.

12 . : : 10. 10. 10. 10. 10.  10.

[P

Formulatlons (phr) (1) Y

Component St307-1 307-2 307-8 308-1 310-1 310-2 310-3 310-% 312-1 313-1 31k-1 314-2 31L4-3. 314 1 314-
306-1 13} 225. =225. 225. 05.8

308-1 13 129.2 225. 225, 225, 225, 100.5

311-1 13 ’ 124.5 225,

312-1 13 225. 225. 225, 225, 22
5-186 Catalyst 12

A

10. 10. 10. 10. 10. 10. 10. 10. ‘10. 10, 10. 1o. i0. 1



TABLE 9-1 (con}‘d)

FORMULATION NASA-MSC-SG12K]

Formulations (phr) (1)

(6) (7 (8)

Compenent: " S 315-1 815-2 315-3 315-4 815-6 315-7 315-8 315-9 815-10 815-11 315-12 316-1 317-1
311-1 13 225. 225. 225, 225. 225, 225. 225. 225. 1l8GC.
312-1 13 45.
311-~2 13 225, 225, 225.
3145 13 R
315-1 13 }235.
° . :
© 8-186 Catalyst|i2 i6. 10. 10, 10. 10. 10. 10. 10. 1O. 10. 10. 10.
‘ 8......S50urce (See Table 6-1) . :
1. Processed per NASA-MSC-SG 12K1)- 6. Half of specimen is 315-2 (Repair Test)
2. Not predried 7. Half of specimen is 314-3 (Repair Test)
. Predried 14 hps./212°F 8. Half of specimen is 314~ (Repair Test)

3
"4, Predried 7 days/212°F
'5. Predried 8 hrs./212°F



TABLE 9-2

FORMULATION NASA-MSC-SG-12KI
-FORMULATION PROCESSING-

. Cure (1) Post Cure
Formulation i Time Temp. ~Time Temp.
No., F-~ - ..(hrs/min)- (°F) {hrs/min) (°F)
. 3031 2/- 150 24/- 100
303-2 u . 48/- "
303-3 " " 51/~ "
3004 " L 48/- “
304-1A . ) 25/~ ’
304-1B I " 96/~ n
- 305-1 " " T 97/30 "
307-1 " " 48/~ "
307-2 " d 47/- "
307-3 " " 48/- :
309-1 0 u " u
.310-1 " . 44/30 .
310-2 g n 49/15 u
310-3 " " 48/15 "
310-4 " " 66/25 "
313-1 . " 48/ "
314-1 " " . "

.[.

Time in mold




TABLE 9-2(cont'd)

FORMULATION NASA-MSC-5G-1 2K
~“FORMULATION PROCESSING-

Post Cure

_ Cure (1)

Formulation Time - Temp. Time - Temp.
No. F- (hrs/min) (°F) (hrs/min) (°F)
" 314-2 2/- 150 48/11 100
- BU-3 n " 48/19 "
314-4 " " 49/16 "

314-5 (  used for  F- 316 - 1)
315-1 (¢ n " )
315-2 2/~ [50 48/~ "
315-3 . " 49/40 "
315-4 e " 51/- n
315-5 " ! 58/30 "
315-6 " " 56/ "
315-7 " " 54/~ "
315-8 " 8 M .
315-9 " u 49/16 "
_315-10 " 1 48/~ "
315-11 . . " "
315-12 " " " "
316~1 " " 50/40 .
317-1 . " 48/~ .

1.

Time in mold




TABLE 9-3

FORMULATION NASA=MSC-5G-12Kl|
- SPECIMEN DISPOSITION - -

Specimen
No, F- Test
303-1 Flammability (preliminary): Appendices | and J
303-2 Qutgassing (200°F) (1), TGA (1), and 600°F thermal décomposii‘ion (1)
. 303-3 ' Dielectric consfant, power factor, and arc resistance
" 303-4A Fungus resistance
B Dielectric constant, power factor, and arc resistance
304-1A Flammability (preliminary): Appendices | and J
B Flammability (preliminary): Appendices | and J
C Quelitafive mechanical properties
305-1A Flammability (preliminary): Appendices | and J
B Flammability (Preliminary): Appendices | and J
C Qualitative mechanical properties and vacuum volatilify:
307-1A Surface (R.T.) and volume (R.T. and 212°F) resistivity
B Surface (R.T.) and volume (R.T. and 212°F) resistiviiy
C . Surface (R.T.) and'volume (R.T. and 212°F) resistivity
307-2A Dielectric strength
B Dielectric strength
C Dielectric strength
D Insulation resistance (moisture cycle) (2)
307-3A Vacuum volatility
B Dielectric strengih
C Dieleciric strength
D Insulation resistance (moisture cycle) (2)
309-1A Dielectric consiant, power factor, and arc resistance
B Fungus resistance
C Odor (1}
D Insulation resistance {moisture cyc[e) (2)
E Shrinkage
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TABLE 9-3 (cont'd)

FORMULATiON NASA-MSC~5G-12K1
« SPECIMEN DISPOSITION -

Specimen .

No. F- Test

310-1A Flammability (connector): D-NA-0002, Test No. 5
B Flommability {connector): D-NA-0002, Test No. 5
C Flommability (connector): D-NA-0002, Test No. 5
b Insulation resistunce (moisture cycle) (3)

310-2A Flammability (connecior): D-NA-0002, Test No. 5

. B Flammability (connector): D-~NA-0002, Test No, 5

C Flammability (connecior): D-NA-0002, Test No. 5
D Flammability (connector): D-NA-0002, Test No. 5
E Flammability "piggy back" (connector): Ref. Appendix A, Section 3.4.1.2
F Flammability "piggy back™ (connector): Ref. Appendix A, Section 3.4,1.2"
G Flammability (connecior): D-NA-0002, Test No. 5
H insulation resistance (moisture cycle) (3)

310-3 Insulation resistance

310-4 Insulation resistance (moisture cycle)-(3)

313-1A Insulation resistance
B . Compression set (preliminary)

314-1A Insulation resistance
B Flammability (preliminary): Appendices | and J

- C Compression set (final)

D Qualitative mechanical properties

314-2 High potential resistance

314-3 Work Statement, para. 3.4.5.4 (insulation resistance/repairability)

314-4 Work Statement, para. 3.4.5.4 (insulation resistance/repaieability)

315-2 Work Statement, para. 3.4.5.4 (insulation resistance/repairability)

315-3 . High potential resistance

315-4 {Additional insulation resistance specimen}

315-5 Insulation resistance {(vacuum exposed)
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TABLE 9-3 (coni'd)

FORMULATION NASA-MSC-5G-1 2kl
~ SPECIMEN DISPOSITION -~

D

Specimen
F- Test ] -
315-6 {Additional insulation resistance specimenj
315-7 Tear, fensile strength, and elongation
315-8A Tear, tensile strength, and elongation
315-9 Work Statement, para. 3.4.5.4 (insulction resistance/repairability
of F-315-2)
315-10 Work Statement, para. 3,4.5.4 (insulation resisi‘c:nce/repuirq.bilify
of F-314-3)
315-11 Work Statement, para. 3.4.5.4 (insulation resistance/repairabilify
of F-314-4)
315-12A Low temperature flexural sfrength
B Wire bond strength
316-1 High potential resistance
317-1A (Additional 1/8" x 6." x 6." molded sheet)
B (Additional 0.080" x 6." x 6." molded sheet)
C Ozone resistance
Compression set

1. Test terminated per NASA-MSC instructions (Ref. 9-3)
- 2, Test ferminated during moisture cycle due fo equipment failure,
3. Replacements for 2,
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6~4

Properties

TABLE 9-4

FORMULATION NASA-MSC-SG~12K|

-CHARACTERISTICS

_CURED/POST CURED-

304-1A

30418

3051

314-1

Cured

Tacky

Flexible

Memory

Cohesion

Tear Resisfance

Crack Resistance (1)
erck Propagation (1)
Parous

Adheres to unclean alum,
Foil cup

Cheesy

Y.....Yes

© X. e Satisfactory

1. 180° bend (face~fo~face contact)

Z X X X x =< < z <

Y

Z X X X x <X X Z

= X < < Z

7 X X

>

7 X X X X < =< 7

-Z



5
v

Ol~¢

TABLE 9-5

FORMULATION NASA-MSC-SG-12KI
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS ~

Specimen
303-1-1 303-1-2 303-1-1 304-1A-1 304-1B-1 304-1A-1
7 7 6.2 7 7 6.2
O2 Pressure (psia) ) ) . ) “)
Wire Ignition (1) T/B /8 T T T/B T
Wire Failure (1) T T T T T T
Smoke (2) N N S N "N P
Burn time | flame-out 0 0 - 43 0 i 45
(sec.) (3}} glow-out 0 0 43 0 1 50
Configuration (4) Y Y Y Y Y | Y
Residue (%) (5) 99 >99 85 299 >99 85
Melted (6} N N N N N N .
Colorf” exterior ~white white white white ‘white white
1 inferior I 1 1 n 1} lt.
{ Exterior| powdery (6} N N "N N N N
Texture | crusty (6) N N Y N N- Y
(8) -
I To....Top B.....Bottom
2. N....None S.ie..Some P.....Profuse
3. Zero time: start of specimen burning 6. Yesor No
4, Generally similar to original specimen: Yes or No 7. Ambient pressure air
5. Amount left in (4) 8. lgnition not satisfactory



TABLE 9-5(conl*d)

FORMULATION NASA-MSC-5G-12KI
PRELIMINARY FLAMMABILITY
~ TEST CONDITIONS/RESULTS -

116

Specimen
304-1B-1 305-1~1 305-1-1 314-1B~1 314~1B-1

Oo Pressure (psia) 6.2 {7) 6.2 (7) | 6.2
Wire Ignition (1) T/B T/B T/B T . T/B
Wire Failure (1) T T T T T/B
Smoke (2) - P N B N L. P
Burn time | flome-out 39 1 45 0 73

(sec.) (3) | glow-out g 42 1 47 0 75
Configuration (4) ) Y ' Y Y : Y Y
Residue (%)} (5) 85 > 99 85 >99 "85
Melted (6) “ N N. N N N
Colorj exterior - white whife whife - white " whi/blk

inf%rior H - 1] 1 . n 1]

‘Exterior | powdery (6) N N N N "N
Texture | crusty (6)° Y N Y N Y
. T..... Top Bivess Bottom
2, N....None S.....30me Peuo..Profuse
3. Zero time: start of specimen burning 6. Yesor No
4, Generally similar fo original specimen: Yes or No 7. Ambient pressure air
5

. Amount left in (4) 8. Ignition not safisfactory



TABLE 9.4

THERMAL PROPERTIES (SUMMARY)
{(NASA-MSC-SG12KH{)

Results Requirement
Flammability Degradation (1,2,3) ] S.EJ T/M] Value
(4) {5)
N S E
Preliminary (6):
Ambient Ailr 5 - -- - --
6.2 psia Op -- -- 4 - -
60% O, /40% N,: 16, 2 psia - - -- -- --
16. 5 psia O, .- -- -- - | -- |s.E.
. (4)
Screening:
6.2 psia O, ] - .- 2 No | M
60% O, /40% Np: 16, 2 psia - - 2 No | M
60% O /40% N,: 16.2 psia (6, 8) S R No | --
TGA, ambient to 332°F (7) (%) (2)
Weight Loss {7)
200°F [/ 5 psia O, {9) (2) )
250°F. /1 x 104 ~ Torr /24 hrs. (10) No (see Table 9-7) M 1.0, max,
600°F. /14. 7 psia O, (%) (9} M 10, , max.
Weight Loss Rate, 1 x 10-% Toxr {7)
250°%F./6 hrs. (10) No (see Table 9-7) M Stabilize
Rate
250°F. /6 to 24 hrs, (%/hr.)} (10) No {see Table 9-7) 0.02, max. ;
rate decreases
with time
Vac. Deposition of OQutgassed
Mat'l,, I50°F , max, / None M None
1x 10~% Torr {7}

(1)
(2)
(3)
(4)
(5)
(6}
(7}
(8)
{9)

N.....None S..... Some E.o.. Extensive
Value not specified in Work Statement,

Number designates quantity of individual specimens.
S.E...... Self-extinguishing immediately

T..... Target value M..... Mandatory value

Test not specified in Work Statement (revised 13 Aug.. 1968)
Data from single tests,

"Piggy back' flammability propagation test.

Testing terminated at W. S, T. F, (Ref. 9-3).
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TABLE 9~6 (cont'd)
THERMAL PROPERTIES (SUMMARY)
(NASA-MSC~-SG12K1)

The sample was analyzed using a vacuum thermobalance. A weighed
sample was placed on the balance pan and the pressure reduced to
10~% . 10-5 for 64 hours. The sample was maintained at room tem-
perature, 77°F % 10°F, during this time. The sample was then heated
to 250°F T 2°F and maintained for 24 hours, The weight of the sample
was continuously recorded during this time. The chamber volume was
40 cec.

Sample Weight

1. Initial 106. 34 mg.
2. After 64 hrs. /10-5 Torx/77°F 106,13
3. After attaining thermal equilibrium (10 min.) 105.95 1
4, After 24 hrs. /107D Torz/250°F 77.87 "

9:13



TABLE 9-7

THERMAL/VACUUM WEIGHT LOSS
24 Hour Weight Loss at 250°F/1 x 1074 Torr (1)
© (NASA-MSC-5G12KH)

Time (Hours) Percent Loss

0 ({thermal eguilibrium) 0. 17
0.3 .0, 52
0.6 0.73
0.9 0.87
1.2 1.02
1.5 1,18
2.1 1,41
3.0 1.79
4.5 2.81
6.0 4, 27
7.5 5,98
9.0 7. 80
10.5 9,73
12.0 11,85
13.5 14,16
15.0 16.61
16,5 16. 99
18,0 21,09

20.5 23.16 _
21,0 25, 04
"22.5 26,55
24,0 26. 63

1. The specimen was exposed fo a vacuum cleaning at 77°F for 64 hours prior
to this test. It is therefore not known whether a pre-test vacuum cleaning at
150°F would reduce the weight loss in this test.



TABRLE 9-8

ELECTRICAL PROPERTIES (SUMMARY)
{NASA-MSC-SG12KI)

Results Requirement
Property No. T /M
{1 Main, Max. Ave, (2) Value

Dielectric Constant 3 6,6 6.1 6.7 T 5.0, max,
Power Factor 3 0.003 0,008 0,005} T 0.09, max,
Delectric Strength (V/mil) 5 260 310 290 M 500, min. (3)
Surface Resistance

(x 106 Megohm) 3 5. T 22, 15, T 1.0, min.
Volume Res., amb.

(x 10% Megohm-cm, ) 3 0.062 | 0.55 0.30 | T 1,0, min,
Volume Res. (4}, 212°F

(x 106 Megohm-cm. ) 3 33, 110. 67, T 1x 10'3, min,
Volume Res. (4), 212°F

(9) (x 10 Megohm-cm. ) 3 28, 120. 61, |0y --
Axrc. Res. (seconds) (5) 3 122 124 123 T 45, min,
High Potential Resistance

60 Hz/sec. 3 No brejakdown M No breakdown
Insulation Res. (Megohms)(6)

Set

A, No Precond., amb, .

(z 10°) , 3 21, 660, 330, | M| 1.0, min.
No Precond., 212°F.
{x 10%) 3 48, 69. 60. M| 7.5=x10°3, min,

B. No Precond., amb,

(x 103) 3 580, 1200. | 860, | M 1.0, min,
Precond. (7), amb. 3 1.9 27, 10, M 200, min,
Precond, (7), 212°F, 3 0,44 0, 78 0.65 M 200, min.

C. No Precond., amb,’

(x 105) 3 25. 1080. | 320, | M| 1.0, min,
Repaired, amb.

(x 10°) 3 510, 1200. | 820. { M | 1.0, min.
Repaired, Precond,

(7}, amb, 3 0, 095 0. 39 0,23 M 200, min,
Repaired, Precond.

(7}, 212°F 3 0. 025 0.057 0.039] M 200, man,
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TABLE 9-8 (cont'd)

ELECTRICAL PROPERTIES (SUMMARY)
{(NASA-MSC-5G12KlI)

) Results Requirement

Property No. T/M
{1) Min, Max, Ave, (2) Value

No Precond., amb,

(x 109) 1 | 180. 1800.| 14008 M ! 1.0, min
Precond, (8), amb.

(x 10°) 1 900. 3000, | 2000, M | 1.0, min.
Precond. (8, 7), amb, 1 0. 037 1.8 0.76 ] M 200, min.
Precond. (8,7), 212°F |1 0.01 0. 22 0.10 M | 200, min.

Number of individually fabricated specimens.

T..... Target value M., Mandatory value

50 mils,

Temperature resistance requirement of Work Statement (revised 13 Aug. 1968).
Based on average value out of 5 for each spe'cirnen.

Based on average value out of 4 for each specimen,

Moisture cycle: 75-160°F. /95% R. H. /5 days.

1 x 10-% Torr/ambient temp. / 24 hrs.

Preconditioned at 212°F, tested at ambient,

Test not specified in Work Statement (revised 13 Aug. 1968).
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TABLE 9.9

MECHANICAL PROPERTIES (SUMMARY)
(NASA-MSC-SG12K])

Results Reguirement
Property No. T /M
Spec.| Min. | Max.| Aver.] (1) Value
Tensile Strength {psi) 5 250, [ 260. | 260, | M 800, min.
Elongation (%) 5 |310.(330.{318. |M 100, min.
Tear Strength (1b, /in, ) 4 32,1 37.1 35 | M 75, min,
Compression Set {%) 3 0.8 11,0 10.9 |M 35, max,
Low Temp. Flexibility, 0°F 3 No cracking ox M No cracking or
" | separation separation
Wire Bond Strength (lb, /wire) M 10., min,
TFE (2) Wire 15 {10.0}13.9] 12.4
Kapton/FEP (3} Wire 15 21.8}37.9] 30.6
Specimens.with 1 TFE -0- M Cchesive
. Cohesive Failure (4) ‘ K/FEP " -0- M failure
{1y T..... Target value M,.... Mandatory value

(2) Polytetrafluoroethylene coating.

{(3) Polyimide/FEP fluorocarbon laminated films with top coating of FEP
" “fluorocarbon dispersion. ‘

(4) Number of specimens having cohesive failure greater than 50%.



TABLE 9-10

PHYSICAL/OPTICAL PROPERTIES
(NASA-MSC-SG12Kl)

Regulis Requirement
Propertly No. T /M
Spec. | Min, |Mazx.| Ave (1) { Value
Viscosity, 77 “:_: 1°F{poises)
Base Polymer 942 2y ! -~
1Filled’ Polymer (uncaf, ) 8,144 2)y] --
"Filled! Polymer (cat.) 2, 340 M 100-450
Homogeneous Yes M Yes
Lumps /Coarse Parficles No lumps, slightly coarsef M | None
Voids None {with vacuum) M | None
Transparent No T Yes
Shrinkage (%) 3 - Nil - M | 3., max
Hardoess,cured (Shore A) - 5(3) 64 68 66 30-99
Specific Gravity 3 1.55{1.61f 1,58 T 2.2, max.

(1) T..... Target value
M., ... Mandatory value

{2} Test not required by Work Statement

(3) Number of separate sheets; 4-5 points/sheect,

{revised 13 Aug. 1968)



TABLE 9-11

CHEMICAL PROPERTIES (SUMMARY) .
(NASA-MSC-SG12K})

Results ] Requil_'ement
Property R No. T/M
Spec. Data (1) Value
Pyrolysis Products 1 (5} M (2, 3}
Thermal Decomposition .
200°F/5 psia O, /72 hrs, 1 (5} M {2, 3)
600°F /14, 7 psia O, 1 (5} M (2, 3,4)
Odor: 200°F/5 psia Oy/ 72 hrs. 1 o {B) M 25 per 10
evaluations.
Fungus: 86°F/28 days 1 No visible M No visible
) change change
Qzone: 50 PPHM/I00°F /7 days 5 No cracking] M | No cracking
or crazing
(6)

(1) T....:Target value M..,.. Mandatory value

(2) TIdentify all peaks, and those items listed in 9. 3. 1,2 of MSC-D-NA-0002,
Test Method No. 6, which exceed 10« gm./gm.

(3) Total Organic: 100« gm./gm., maximum.
Carbon Monoxide: 254tgm, /gm., Maximum,

(4) None of the items listed in 9. 3. 1. 2 of MSC-D-NA-0002, Test Method No. 6,

. shall be present above 10_«gm./gm,
(5) Testing terminated at W. S, T. F. (Ref, 9-3).
~ {6) 7X magnification,



oxygen confent atmospherc: Further, it is not affected by an extended exposure

to ozone nordoes it act as a nutrient to fungus. It is edsily and safely handled by
even non-technical personnel, and ifs catalytic system proportioning is relatively
non-critical. [t is also readily repaired. lis electrical properties, from ambient

to 212°F were satisfactory. The mechanical properties at 0°F were also acceptable.
Finally, based upon the raw material costs and the associated processing tasks, it is

anticipated that the resuliant compound could be made available af o comparatively
low cost,
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SECTION 10

NASA-MSC FIRE SAFETY CONFERENCE (6, 7 MAY 1970) EXHIBIT SPECIMENS

At the request of NASA-MSC (Ref. 10-1), various potted, conformal coated, and
encapsulated specimens were prepared for the above conference. The-formulations
are shown in Teble 10-1 and a description of the processing and identification of
the individual application-oriented specimens are given in Table 10-2,

As seen from Table 10-1, the pigments cover a broad array of colors. Except for

the cadmivm red, all are considered non-toxic. All were completely compatible

with the various polymeric systems and the flame retardant additives. At the fime
these specimens were prepared, Dechlorane 604 had not been evaluated by the

Project. We have no reason to doubt the compatibility of these pigments with
F-387. ' ‘
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TABLE 10-1

. NASA-MSC FIRE SAFETY CONFERENCE (6,7 MAY 1970) EXHIBIT SPECIMENS

Formulations (phr)

Component S 175X 3u5 346 3n7 348 349 350 351 352 353 354
N -2, 3 )

77-024 121 100,

77-033 12 ’ 100, 100.

F-301~1 (1) 13 225. 225. 225,

F-311-3 (1) 13 225, 225,

F-311-2,3 (1) 13 025, 225. 225.

Boric acid 9?1 1256, .. K

NHMBFM 20 150. 1590.
© Cadmium Red (2) 20 2. .
N Meteor Pink (3) 20 1.

Dark Red (4) 41 1. 1.

Sun ‘Yellow 'C!' (§) 20 . 1.

Meteor Green 'B' (8) {20 1.

Meteor Red Brown (7) |20 ' 1.

Sun Green 'L' (8) 20 ' ) 1.

Meteor Cobalt Blue (93|20 . 1. 1.

"77-624 Catalyst 12 10. .

S~186 Catalyst 12 10. 10.° 10, 10. 10. 10. 10. 10.

77-033 Catalyst 12 ~10.  10.

.++...80urce (See Table é-1}

S 5. H-463 Master Standard
1. See Table 9-1 6. 7465 (541-321-37)
2. F-3629 7. 7751 (541-319-37)
-3, 7132 8. (539~010-38)>
b, 9

Ultrafine Synthetic Irvon Oxide #1121M 7540 (541-039-37)



TABLE 10-2

NASA-MSC FIRE SAFETY CONFERENCE (6,7 MAY léfQ) DEMONSTRATION SPECIMENS

~ PROCESSING AND IDENTIFICATION -

Formu- Furane _ Cure: (1) . .
lation No. Time Temp. Color Demonstration Specimen
No. F- Epocast (hrs/min) (°F)
175%-2 NS520 2/25 150 grey Vacuvum tube shell
i . (metal).
175X~3 " . 2/- " " Vacuum tube shell .
(metal).
345 . - 13/- " red {color and cure
’ evaluation)
346 N9011 2/ o pink Plywood
347 - ) 2/- " dk. red (coldr and cure.
) evaluation)
348 NSQ12 2/- " yvellow Plywood
349 NS013 12/~ " green Neoprene covered cable
350 N9015 2/- . " red brown Fiberglass fabrie for
L cable overwrap
351 N9Oolh4 2/~ " _1t. green Motor coil
352 N90L6 2/- " blue Printed circuit board
353 N9511 2/~ " blue Capacitors
- 354 N9512 2/- " dk. red  1N3% glass diodes

1. DNo post cure
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11.1

SECTION i

CONCLUSIONS

FORMULATION 387

a.

Formulation 387 was found fo have the best balance of therma!, elecirical,
mechanical, physical and chemical properties of those formulations
evaluaied within this Program.

The other formulations which received Final Screening are in the following
order of preference:

F-387, ~462,-437, -230X, -175X, =379, and -266.

F-387 met all of the requirements of the Statement of Work (Ref. Appendix
A) except for the following:

T/M Results
Test Requirement (1) * (Ave.)
Arc Resistance (Seconds) 45,, mir;. T 6.
Tear Strength (Ib/iny 25,, min, M 13.
Tensile Strength (psi) 250, , min, M 20.
Viscosity (poise) 100.-6000, M 56,5 {max.)
- Transparent ) Yes T No
1. T.....Target value  M..... Mandatory value

F~387 is apparently suitable for potting, encapsulating, and conformal
coatings. 1t should be noted that the insulation resistance of F-387
significantly exceeds the 5 x 108 ohms, minimum, required for regular
printed circuit boards (Ref, 11~1) and for multilayer printed circuit boards
(Ref. 11-2). If o thin coating is desired, it may be possible to dilute the
F~387 with a low boiling perfluorinated solvent fo obtain a lower viscosity
system. (Usage of such solvent will necessitate the frequent agitation of
the blend to assure uniformity; settling of the D~604, et al, would be
self-defeating. Solvent removal would be essentially complete subsequent
to a thermal/vacuum post cure,)

The potential ramifications of the arc resistance results may include the
usage of F~387, or similar filled systems, as self-indicating (i.e. black
trackon surface of non-black compound, extending between overloaded



circuit components and/or points) electrical coafings, ete., fo detect a
high voltage dielectric breakdown, while normally functioning as a good
electrical insulating, self~extinguishing system. This ancillary applica-
tion may open up a new field for electronic materials beyond the unique
area of manned spacecraft operations; commercial and/or industrial
utilization is indicated.

Procuremeni problems. (e.g. mislabeled contairiers,. defective; catalyst,.
efc.) with the major constituents of F-387 have already occurred. Tight
Quality Assurance standards for these raw materials will be required,
Hardness may be a suitable test for the polymer. Melting point may be
sufficient for the D-604,

The vacuum volatility tests bore out the polymer, 77-033, supplier's
caution regarding contamination during processing. This polymer's

sensitivity fo contamination is typical of the addition reaction silicone
RTV's, : -

The basic formulation can be varied with respect fo the.quantity of
Dechlorane 604 in order fo optimize other properties while obtaining
that degree of flummabilify protection desired af a given oxygen level.
Protection for a 16.5 psia oxygen environment may not be feasible with
the baiic formulation.

11.2 EVALUATED - FORMULATIONS

11.2.1 Fluorocarbon {Conventional) Polymers

d.

Conventional fluorocarbon polymers do not lend themselves to the
applications herein prescribed (i.e. low temperafure cure of thick
sections) because of their comparatively high ambient viscosities in
the 100% solids state. Viscosity reducticns via a) heaf, or b) solvent

_dilution were rejected for poiting {primarily) due to the a) high

processing temperatures required for flame retardant filled systems for
all grades of conventional fluorocarbon considered, and for unfilled
grades except the "wax," Viton LM, and b) voids remaining in thick
sections, respectively.

A Viton LM formulation, F~019, was developed which could be cured

at 150°F to a flexible, crack resistant structure. The cured compound
appeared to be, af the least, mechanically similar to those Viton LM
formulations which "normally" have required cure/post cure temperatures
to 480°F, I is believed that this represents an advancement in the
pertinent state-of-the-art. '



The unfilled (i. . flome retardants) Viton LM formulations did nof
survive the preliminary flammability tests ot 6.2 psia oxygen. Those
filled with boric acid withsiood the 6.2 psia oxygen. However, the
boric acid significantly increased the viscesity. It has been conjectured
that the boric acid is_.complexing with the other ingredients of the for-
mulation.

Attempts to lower the viscosity of Viton LM with RTV 602 or 603 were
not successful due fo the lack of compatibility (i.e. separation occurred)
at RTV concentrations high enough to provide an ambient useable blend.

11.2.2 Fluorocarbon (L-2344 : 3M) Polymers

G.

Tolylene diisocyanate (TDI} catalyzed L-2344 resulted in good fensile
strength, elongation, flexibility, cohesion, and adhesion. Hewever,
a minimum of 200°F was required for blending and for cure.

Excellent flammability resistance was observed up to, and including,
16.5 psia oxygen when sufficient boric acid was added fo L-2344/TDI,

A satisfactory balance between 150°F cure time and gelation time was
not obtained with the catalytic systems used herein.

The use of reactive polyols and isocyanate prepolymers, including those
containing bromine and phosphorous, with L-2344 either did not cure,
or resulted in brittle struciures. A cured brittle product was also obtained

when more than 50% A-1100 (gomma-aminopropyliriethoxysilane) was
added to L-2344,

The blend of silicone RTV's with [~2344 resulfed in poor mechanical
properfies. If the L-2344 was first catalyzed, the flommability was
poor, No cure occurred when dibufyl tin dilaurate (i.e. accelerator
for TD1) was added. Subsequent investigation revealed that DTD reacts
with the catalysts used for the addition reaction silicone RTV's,

11.2,3 Silicone RTV Polymers

c.

- The commercial silicone RTV?s, as received (generally unfilled), did

nof survive 6,2 psia oxygen. This included F-001, which is essentially
the same formulation used for the upward flammability ignifer.

A number of norganically filled systems formulated by the Project
survived 6.2 psia oxygen. Boric acid loaded 20-052 survived 16,2
psia 60% oxygen/40% nitrogen, but its viscosity was excessive. None
of the filled systems withstood 16.5 psia oxygen.
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gﬁ

None of the silicone RTV's loaded with organic or organic/inorganic
flame retardants withstood 6.2 psia oxygen,

The condensation reaction silicone RTV's generally had better char
structure than the addition reaction types.

The following additives, as received, fended to accelerate the cure
of addition reaction silicone RTV!s:

Bromotrichloromethane

Busan 11-MI (barium metaborate monohydrate)
Dechlorane 510 )

Potassium aluminum silicate

XPI-158 {zinc korate)

The following additives, as received, tended to inhibit the cure of
addition reaction silicone RTV's:

Antimony oxide

FC-134 (cationic fluoro surfactant)
Hexabromobenzene
Tetrabromobisphenol A
Tetrabromophthalic anhydride
Tetrachlorophthalic anhydride

Potentially useful halogenated and phosphorous containing polyols were
not miscible with the silicone RTV's.

11.2.4 Fluorosilicone RTV Polymers

a.

The cured RTV 77-033 did not survive 6.2 psia oxygen. Boric acid,
Dechlorane 604, and o mixture of D-604 and hexabromobenzene with-

. stood 16.5 psia 60/40,

The following additives, as received, fended o inhibit the cure of the
addition reaction fluorosilicone RTV's:

Ammonium carbonate
Ammonium silicafluoride
ZB-510 (organo metallic polymer)

Based upon the empirical data accumulated by the Project, it is believed
that additives which accelerate the addition reaction silicone RTV's will
also accelerate the addifion reaction fluorosilicone RTV's. The converse
(i.e. inhibition) is also deemed applicable.
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d. Intrinsic polymer viscosities of the fluorosilicone RTV's are higher than
analogous silicone RTV's, -

11.2.5 Miscellaneous Polymers

a. The flammabilily resistance (i.e. preliminary encapsulated wire specimens)
of F-387 (und others developed herein) was found to be superior to a rigid
"non-{lammable" polyester-based potting compound developed for NASA
(Ref. 6-24), Thus, F-387 is hardly degraded in the 16.5 psia 60/40
environment, whereas the polyester one is completely destroyed under
identical environmenial conditions. '

b.. The polyester approach may still be valid if a non-styrenated (the
aforementioned one contains 25% styrene monomer) polyester is used
as the matrix.

c. The Project was unable to prepare useful diallyl chlorendate or dimethyi
chlorendate formulations fo meet the Program's objectives.

11.3 GENERAL

a. The ouistanding flammability performance of the Dechlorane 604
formulations is attributed fo ifs comparatively low temperature decom-
position, thereby quickly providing its halogen free-radical scavengers,
and to a significant low femperature endotherm, Similarly, the
superior flammability performance of boric acid in all fofmulations is
believed to be due to its large amount of readily available water, and
to its large low femperature endotherm.

b. Boric acid was not used in the final compound because of its poor
thermal stability and high solubility in water.

c. Although F~230 and F~379 were somewhat better than F-387 with
respect to flammability resistance, a more effective means to isolate
the Kryfox 143 AC from the polymer Is essential before those two
compounds can be used, Complete encapsulation will be needed.
Carriers, such as molecular sieves, still permit enough of the
perfluorinated fluid to reach the polymer and the substrate surfaces.

d. Non reactive dituents were generally not found to be satisfactory since
they either left voids upon volatilization, or reduced the formulation’s

adhesion and cohesion,

e. Based upon the application development activities involved in the
preparation of specimens for the NASA-MSC Fire Safety Conference
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(see Section 10}, all of the Final Screening formulations, including * °
F-387, can be readily colored with a broad range of non-~toxic pig~
menis. Since these utilize very small amounts of water insoluble
inorganic compounds, they should have minimal, if any, effect upon
other properties. :

The NASA-MSC Formulation 125K1 did not pass the 6.2 psia flamma-
bility test either in the configuration of the encapsulafed wire  *°
specimens or as a poited pygmy connector, Also, there was extensive
loss in insulation resistance subsequent fo the moisture cycle condition-
ing. As a result of these, and several other deficiencies, it was
concluded that this formulaiion, by itself, was unsatisfactory for the
intended usage. An impermeable, flexible, non-flammable top-
coating would be required if F-125K| were to be used.

Extensive usage of the various molds and tfest apparatus, especially
designed and fabricated for this Program, and their attendent proce-
dures, clearly indicated that they fully met. all design expectations
and experimental needs,
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SECTION 12

RECOMMENDATIONS

Establish a prototype/pilot plant production R & D effort for those formula-
tions which have shown via preliminary dota that they are potential substitutes
for either flexible, but flammable potiing, encapsulating,. and conformel
cooling compounds, or rigid, but non-flammable compounds,

include F~-387 as a candidate in the above effort.

Consider other formulations or their modifications, developed herein, as
potential candidates for the prototype/pilot plant program.

Examine raw material, processing, storage, and handling variables, as well
as their effects upon processing fechniques and final properties, with the
objective of preparing procurement specifications for the raw material and
the resultant compound of the finally selected formulation, Write a process
specification for preparing potted components, sub-assemblies, et al, from
said formulation. Consider such factors as:

1} Minimum cure time at ambient and af 150°F with respect to cured
properfies.

2)  Six month storage life of the formulation on final handling/processing
and on cured compound's properties,

3} Varying quantities of Dechlorane 604 in F-387 on cured and uncured
properties,

Use an 8 hour/150°F/1 04 torr post cure for F-387 if outgassing is critical,

Defermine suitable solvent and solvent concentration for low viscosity F-387
type systems.

Carefully solvent clean molds and other subsirates (e.g. wire insulation,
connectors, efc,) in contact with F-387 (or other addition reaction silicone
or fluorosilicone RTV's) during cure.

Determine effecis of the non-foxic inorganic pigments, herein utilized, on
other properties, especially flammability and insulation resistance (moisture
cycle).

Opfimize F-019 as a base formulation in the development of a-low temperature

curing, non-flammable Viion LM system which can be used as is, or solvent
cut for a coating.
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“Investigate the feasi%ility of upgrading the mechanical strength of 150°F

cured higher molecular weight conventional fluofocarbon polymers than

Viton LM {e.g. Viton C-10 or A-353).

Formulate and flammability test a D-604 modified F-019.
Optimize the cure of L~2344/TD1/D~604,

Determine the effect of Tyzor TPT on the cure rate of L-2344/TDI.
Formulate and flammbility test a D-604 modified RTV 96-052,

Formulate and flammability test a D-604 modified liquid, non-styrenated,

flexible {and possibly halogenated) polyester,

Permanently Teflon coat the metal surfaces of the Flammability Test Specimen
Mold which contact formulations,
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Introduction

The presently available polymeric potting, encapsulating,

and conformal coating compounds, although suited to their
conventional applications in ambient air, do not provide
adequate flame safety for use in the cabin oxygen environment
of manned spacecraft. The primary flame propagation hazard

is associated with the relatively large surface areas of
conformal coatings which are required to provide dielectric
protection and moistureproof terminations for spacecraft wire
harnesses at terminal strips and circuit breaker panels. Only
slightly less serious is the combustibility of present
electrical potting compounds used in the pure oxygen atmos-
phere. Encapsulating compounds may be classed as less critieal,
since they are normally used in sealed components and are
protected from direct contact with ambient oxygen.

The flammability of these present compounds requires that
they be encapsulated with relatively thick layers of inorganic

coatings which may be brittle, tend to flake and crack, add
substantial weight, and hamper any wiring rework required.

Objectives

It is required that new potting, coating, and encapsulating

compounds be developed which will not sustain flame when subjected

to the special oxygen flammability tests described in this
statement of work. These compounds must not evblve toxic gases
at elevated temperatures, and the toxicity of pyrolysis
products must be minimal. They must exhibit low volatility

at operating temperatures in both 5 psia nominal oxygen |
atmosphere and vacuum. See requirements of paragraph 3.4

for compliance with these objectives.

Additional requirements described in this statement of work
include the usual stringent electrical and physical properties,
high bond strength to etched Teflon and Kapton wire, and ease
of repair and rework.

A desirable goal is to obtain a clear or transparent potting
and coating compound to allow post-fabrication inspection.

Technical Regquirements
3.1 Approach

The requlremean of nonflammability, low volatility, and
low toxicity of pyrolysis products may be achieved by any
of the standardized technigques, by unique and hitherto
unproven methods, or by any combination thereof. The study
should include investigation of conventional flame
inhibition techniques such as addition of halogen bearing
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3.2

3.3

compounds singly or in synergistic combination with other
components such'as antimony trioxide, with -special
emphasis on anticipated volatility/toxicity problems. The

use of nontoxic incrganic fillers as flame retardant

"heat sinks", and oprganometallic curing agents should also
be considered.

Materials

3.2.1 Basic Compounds - Any materials inherently
-possessing -adequate’ electrical' and physical
properties may be considered. A detailed literature
search and compilation of state-of-the-art test
data is required to Jjustify the proposed ultimate
choice or choices as a starting point for the
development program.

3.2.2 Primers - The use of a primer for potting,
encapsulating, and/or conformal coatings, to
improve the adhesion to the base structure is
permitted, provided the composite primer and basic .
compound successfully pass all tests of paragraph
3.4,

3.2.3 Toxicity - Any potential toxic materials associated
with the processing or handling of the compounds
shall be identified, and appropriate safety
precautions shall be recommended.

3.2.4 Clarity - It is desirable for the cured product
to be as transparent as possible to allow post-
fabrication inspection for bubbles or voids. No
special pigments or color additives shall be used.

Performance and Product Characteristics
3.3.1 Appearance - The as-poured and cured compounds

shall be homogenous and free from lumps and coarse
particles and voids.

3.3.2 Application - Potting and encapsulating compounds
shall be capable of being readily applied by an
injection or extrusion gun. Conformal coatings
shall be capable of being applied by brush, spray
or dipping.

3.3.3 Application Life - It is desired that the compound
shall be suiteble for application for a minimum
of 60 minutes, but a minimum of 30 minutes is
. required.




3.3.4

-Curing Time ~ The tack life of the compound

should not exceed 6 hours. at room temperature,

but a maximum of 12 hours is required. The curing
time to obtain optimum properties shall not exceed
7 days at room temperature and 50 percent maximunm
humidity. Elevated temperatures up to 150°F may

be used to accelerate the cure time. A vacuum post
cure, not to exceed 8 hours at a maximum oi 150°F,
may be utilized when necessary to meet the
requirements for the compound. .

=

-Sto}age Life - The. uncured compounds shall be

capable of meeting the requirements of this
statement of work for 6 months when stored below
70°F. )

Repair and Rework - The cured compounds must be
capable of being removed, either mechanically orp
chemically, without damaging wiring, solder joints,
or electronic components. The adherence of patch
potting to previously applied potting must be
adequate to withstand the 200 megohm moisture
resistance test of paragraph 3.4.5. .

Temperature Rating - The _compounds shall retain
useful electrical properties at 212°F, as verified
by the applicable insulation resistance tests of
paragraph 3.4.5.

Decomposition Temperature - A Thermogravimetric
Analysis (TGA) shall be periormed from ambient

to 932°F on the 10 formulations selected by the
contractor for final screening, and the data shall
be immediately submitted To the MSC Technical
Monltor.

Properties and Test Reguirements

3.4.1

Flammability - Candidate materials shall be self-
extinguishing with no further evidence of
degradation by combustion in 16.5 psia, 60% oxygen/
40% nitrogen when *tested as follows:

3.4.1.1 Overload Ignition - Potting and encapsulat-~
: ing compounds shall be tested in accordance

with Test No. 5, Appendix A. Conformal
coatings shall be tested in accordance with
Test No. 17, Appendix A. Power shall be
discontinued at first indication of
ignition of either wire-  insulation or
compound.
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3.h.1.2

Upward Propagation — The compounds shall
be tested in accordance with Test No. 1,
Appendix A. As an alternative for potting
and encapsulating compounds, the following
test may be used:

Prepare electrical connector potting sample
as instructed in Test No. 5 of D-NA-0002.
This connector shall be a Bendix Pygmy |
PTO7CP-18-115 as shown in Figure 2 of Test
Na. 5. Mount an identical connector above
first connector in an aluminum panel in
close proximity to the first connector. An
igniter shall be prepared as follows:

Positive igniter for flammability tests

The igniter shall be a silicone rubber rod,
wound six to eight turns of 20 AWG nichrome
wire having a nominal resistivity of 0.7
ohms per foot. The silicone rubber rod shall
be prepared according to the following
procedure:

82.5 parts by weight of RTV-~560 shall be
blended with.17.5 parts by weight of RTV-577.
To the mix, 0.5 parts by weight of Thermolite
T~12 shall be added@ and thoroughly mixed.
The blend shall immediately deairated in a
vacuum of not less than 28 inches of mercury
for a period of not more than ten minutes.
The compound shall then be cast into a mold
which will provide rods, when cured and
finished, of 0.22 inches diameter and of
sufficient length to give a burn time

25 + 5 seconds in the applicable atmosphere.
The compound shall be cured either for 24
hours at room temperature or for L hours at
room temperature followed by 10 hours at

130 + 10¥ F. The cured material shall show

a shore "A" durometer reading of not less
than u0.

Apply this igniter to the lower surface of
the potting material of the bottom connector.
Apply electrical current to the nichrome wire
starting with 5 amperes and increasing each
30 seconds thereafter until the potting
material catches on fire or the nichrome wire

~fails. The material passes if the lower

connector burns but does not ignite the upper
connector or if the Jower connector fails to
ignite. If the upper connector burns- the
material fails to pass.
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3.4,

3.

I

.5

Outgassing - As a screening test, the total organics
expressed as pentane equivalents evolved from any

of the candidate potting, coatlng, or encapsulating
materials shall not exceed 100 mlcrograms per gram
of sample, when tested at 5.0 psia oxygen in accord-
ance with Test No. 6, Appendix A. Outgassed carbon
monoxide shall not exceed 25 micrograms per gram
when tested in accordance with the same test.
Identification of major peaks, during analvsis in

5 psia oxygen are required prior to final MSC

_acceptance of candidate materials. MSC acceptance

shall be predicated upon the requirement that none
of the ocutgassed products shall constitute a toxic
hazard toc the crew, based upon the criteria of
acceptability of Test No. 6, Appendix A.

Odor - The total odor rating of candidate material
must not exceed 25, for the sum of 10 odovr
evaluations, when tested at 5.0 psia oxygen in
accordance with Test No. 7, Appendix A.

Vacuum Volatility - The rate of weight loss in
1X10~-" Torr at 150°F shall not exceed 0.1 percent
pPer hour when measured continuously in vacuum with
an in-situ microbalance. The total weight loss for
the initial 2% hour period shall not exceed 1.0
percent.

There shall be no visible condensate deposited on
a glass slide maintained at 100°F and located in
close proximity to the test specimen within the
vacuum chamber. .

An additional vacuum volatility test specimen shall
be prepared per MSFC-SPEC-202A, paragraph b.4.3.11
(See Appendix C) for potting compounds, and per
MSFC-SPEC~383A, paragraph 4.5.2.10 (See Appendix D)
for conformal coatings. Upon completion of 24 hours
vacuum testing, there shall be no apparent visual
degradation, and the compounds shall withstand the
required 200 megohm moisture resistance tests of
paragraph 3.4.7, Appendix C, for potting compounds,
and paragraph 3.4.6, Appendix D, for confornmal
coatings.

Physical and Flectrical Properties

3.4.5.1 Potting and Encapsulating Compounds -
Candidate potting and encapsulating
compounds shall meet the requirements of
Table I.and MSFC-SPEC-202A, paragraph 3.4.6
(See Appendix C), when tested in accordance

with the applicable test methods of paragraph

4.4, Appendix C. Test results shall be
submitted for NASA-MSC vreview.
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TABLE I
REQUIREMEN&S
PROPERTIES 'f { 1;1 VALUE
Dielectric Constant . T 5.0, maximum
Power Factor ' - T 0.09, maximuﬁ
Dielectric Strength‘(SO miiﬁ)_ M | .350 volté/mil, minimum
Volume Resistivity (ambient) T (P) 1%10-? ohms-cm., minimum
(¢) 1x10t1l ohms-cm., minimum
Surface Resistivity T 1 XlOlz-ohms, minimuimn
Arc Resistance T b5 séconds, minimum
Insulation Resistance (ambient) M 100,000 megohms, minimum
Insulation Resistance (212°¢ F) M 750 megohms, minimum
Insulation Resistance (moisture M 200 megohms, hinimum
; cyecle).
Tear Strength M 25 1b./in., minimum
Tensile Strength M 250 psi, minimum
Elongatién M 125%, minimum
Shrinkage M 3%, maximum
Hardness (after fuli cure) M 50-85 (Shore A)
Viscosity (77°%) M | 100 to 6,000 poises
Specific Gravity T 2.2, maximum

(1) T - Target Value

M - Mandatory Value

(Rev.: 89 Nov., 1970)




3.4.5.3

3.5.5.4

Conformal Coatings - .Candidate conformal
coatings shall meet the requirements of
Table I and MSFC-3PEC-393A, paragraph
3.4.5 (See Appendix D) when tested in
accordance with the applicable test
methods of paragraph 4.5, Appendix D. Test
results shall be submitted for NASA-MSC

review.

Bond Strength to Etched Wire ~ The bond
strength of both potting and conformal
coating compounds to etched Teflon and
Kapton wire must exceed ten (10) pounds
pull-out, and the failure must be cochesive
(in the compound) rather than adhesive

(at the wire-compound interface), when
tested per Appendix B. .

Patch Potting Adherence -~ The adherence of
patch polting or coating material to
previously applied compounds must be
adequate to withstand the 200 megohm
moisture resistance tests of paragraph
3.4.7, Appendix C, for potting compounds,
and paragraph 3.u4.6, Appendix D, for
conformal coatings. The test samples shall
be prepared with the reguired electrodes
encapsulated by the applicable candidate
compound. The upper portion of the cured
compound shall be removed to a depth of

at least one inech (1.00"), exposing both
electrodes, to demonstrate compliance with
paragraph 3.3.6. Patch potting or coating
shall then be applied to replace the
original compound, in accordance with the
recommended process. The moisture resistance
test shall be conducted on the " repaired"
specimen to demonstrate dielectryic integrity
of the repair.




APPENDIX
- B -

ELECTRICAL CONNECTOR
POTTING

FLAMMABILITY TEST (1)

(1) Test Mo.5 of MSC-D-NA-0002, “Procedures and Requirements
for the Flammability and 0ffgassing Evaluation of Manned
Spacecraft Non-metallic Materiais."
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1.0

2.0

3.0

4.0

TESTNO. 5
. ELECTPICAL CONNECTOR POTTING:
FLAMMABILITY TEST

PURFOSE

This test evaluates the flammability characteristics of spacecraft potting

-compounds in a soecific gas atmosphere envirenment, It is designed to

simulate a short circuit or dielectric breakdown on current carrving wires, ol
connector contacts within.the potting used to environimentaly seal electrical
connectors .

TEST CONDITIONS - PRESSURES AND ATMOSPHERE

The test pressure and gas mixture conditions for the pertment matenals category
shall be designated hy the requirements for each program.

TEST DISCIPLINE

3.1 Each test shall be directed by the cogrizant Test Engineer or his
appointed al temate.

3.2 Approval of the tagt chall ke ."Id:,ated at the end of the test procedurs by
the signatures of the responsible Test Enginger. Entires transcribed to
the test data sheets will also be verified by the Test Engineer,

CRITERIA OF ACCEPTABILITY

Connector potting material shall not be capable of sustaining combusiion in twe
designated test atmosphere foilowing removal of the ignition source with cusrent

“overloads up to the melting point of the electrical wire conductor.



5.0 TEST EQUIPMENT

6.0

5.1

5.2

5.3

5.4

5.5

Test Chamber - Test che nher shall have sufficient volume to ensure .
complete combustion of tue potting compound specimen and shall be suitably
constructed and prozected to ensure safe operation. A window or

viewing port for visual observations shallbe provided. A test chamber

shall contain inlets for vacuum, source of power for wire overload, air,
oxygen, and gas mixture, A horizontal sample holder and a central connector
mount shall be included and positioned within the test chamber. See Figure 1.

Pressure Gauge - The pressure gauge shall be capable of measuring absolute
pressure with an accuracy of £ Q.1 Tore,

Gas Supply - The yas shail be commercially available conforming to
appropriate specifications,

Sample Holder and Tonnector Mount - The sammple holder shall consist

of two harizontally mounted electrical connections (bolt with knurled
nuts) spaced 12 inches apart. The electrical terminals shall be
connected to the ignition power source. A central connector

consisting of a vert.cal panel drilled to receive a horizontal Bendix PT07
Jam Nut Receptaclz or equivalent shall be provided.

lgnition Source - £ 1 external power supply shall be provided which is
capable of providing a large steady DC currerst so that a very high
temparature will be achieved quickly. The power source must be
capahle of supplying 100 amperes of current through a 18 AWG fourteen
inch long wire.

SAMPLE PREPARATION

6.1

6.2

Prepare three (3) samples for each candidate potting compound per
paragraphs 6.2 threugh 6.8 below,

Verify material identifications as one of the items below:

6.2.3  Manufacturer's Certification

6.2.2 NASA Certification
6¢.2.3  Contractor Certification
6.2.4  Definite ldentification not available
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6.3 A fourteen inch (13" length of AWG 18 white teflon insulated wire

{(MIL ~W-16878, Type E, or MIL -W~22759 Type MS21985)
shail be prepared ¢ fo!tows

65.3.1 Forma"yU" bend in the middle of the wire and etch
the center 4 inch per MSC Specification 0-3.

6.3.2  Strip one half inch insulation from each end.

6.3.3  Cut the wire in half such that two inches of etched insulation
remzins on the unstripped end of each seven inch length.
6.4 Obtain a Bendix Pygmy PTO6CP~ 18 11P Straight Plug or equivalent.
Strip 1/4% from the end of each 7" wire prepared per 6.3. Crimp one
7" wire to contact K and tha second 7" wire to -adjacent contact L.

6.5 Crimp nine {9} etched white AWG 20 Teflon insulated wires, each 3"
fong, in the remaining contacts.

6.6 Place the potling boot on the connector and fill with the candidate
potting cempcund, par the manufacturer's instructions. Ensure that the
potting compound is within recommended shelf life. Ensure that ali
steps are followed exactly as they would be in flight hardware, inciuding
cleaning and priming of connector rear insert {or bondability, degassing
potting compound, proper humidity contiol, etc,

6.7 Cure per apisticabie user's procedure or manufacturer's recommended
time/temperature for optimum properties.

6.8 Remove potting boot,

CENTRAL COMNECTOR PREPARATION

7.1 Prepare three (3) Central Connectors per paragraphs 7.2 through 7.5 heloy.,
7.2  Obtain a Beadix Pyamy PTO7CP-18-11S Jam iut Receptacle or equiv-

alent. Crimp a short AWG 16 Teflon insulated jumper betwesn contact
i and centaat L,

7.3  Place the potting boot on the connector and fill with the compound to ba
. tested.

7.4 Cure per ma wfzcturer's instruction.

7.5 Remove potiing boot,



TEST PROCEDURE

The precedure shall be carriec o4t in the foilowing seddences:'

8.1  .The sample prepared per Paragraph 6.0 shall be mounted in the
sample holder by locking the PTO6CP plug to the PTQ7CP
receptacie which has been piaced in the vertical panel provided for
it, and fastened with a threaded lockaut. The stripped ends of the
7 inch lengths of wire crimped into the plug shall be fastened
to the current supply terminals of the sample holder.

8.2  The test chamber shall be evacuated to a pressure of I Torr and
repressurized to the test pressure with oxygen. Allew the chamber to
stand for one minute. A leak is indicated if an increase in test
chambar pressure of 1 Torr is observed during one minute after the
vacuum pump is closed off from the system. The system shall be
brought to atmospheric pressure and the leak corrected bafore any
additional tests are carried out, Repeat the above procedure,

8.3  After the test chamber has been stabilized at the test pressure, scak the
specimens ten minutes. Apply a current of 55 amperes to the wire.
IF ignition or considerable degradation is rot obtained in one minute,
the current shall be increased by 5 amperes (i.e., from 55 to 60 and
60 to 65, ete.) until such ttme as the wire fails or ignition cccurs.
If the wire fails. voitage shall remain applicd to the open wire until it is pesitively
established that current does not fow by bridging the gap to adjacent conductors.,

8.4  Thite sampies uf each potting compound shall be tested. The failure of
any one sample to meet the criteria of Paragraph 3.0 shall be cause
for rejection of that compound.

REPORT

The following test data and pertinent mformatlon concerping the materials
shall be reported:

9.1 Name and positive Identification (para. 6.2) of the material

9.2 Vendor designation and vendor.

9.3  Usage, quantity, and surface area in the spacecraft.

2.4  Test pressure and test atmosphere.

2.5 Resuits of each test including combustion phenomena if ignition occurs.
9.6 Date of test.

9.7  Test number.

9.8 identity of the testing agency.

9.9 HNames & signature of Test Coordinator,
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APPENDI X

- -

DETERMINATION OF ORGANIC
OFFGASS NG PRODUCTS
AND CARBON MONOXIDE (1)

(1) Test No.6 of MSC-D-NA-0002, "Procedures and Requirements
~for the Flammability and Offgassing Evaluation of Manned
Spacecraft ‘Non-metallic Materials.! ’
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TESTNO. 6
DETERMINATION >F ORGANIC OFFGASSING PRGDUCTS
AND CARBON MONOXIDE

HOTE: This test will not be conducted prior to applicable flammability tests nor

1.0

2.0

3.0

wiil it be conducted on materials which have failed a flammability test unless
specifically requested,

PURPQSE

This procedure establishes the criteria for a screening test, which will
determine the suitzbility of nonmetallic materials for use in the space

vehicle crew comaartment environmenis. The criteria is astahiished with
respect Lo production by cut-gassing of potentialiy toxic ov objectionabie
volatiles. The volatiies ate separated Into two categories: Carbon Monoxide
and Yoial Qrganics.

TEST COHDITICNS ~ PRESSURES & ATMOSPHERE

The test pressure and gas mixture conditions for the pertinant materials calegory
shall be desiagnated by the requirements for each program.

»

CRITERIA OF ACCEPTARILITY

5.1 The reporting laboratories shall renort total arganice as migrosrams

T

per gram («g/q) of sample-material using methane as a standaid.

3.2 Tha maximum aliowable fevel of total organics in the tested
configuration shall not exceed 100G micrograms of totai organics
per gram of sample,

3.3 Cavhon monoxide shall be reported as the number of micrograms
preduced by one gram of sample material.



4.0

5.0

3.4

The maximum allowable leve!l of carbon monoxide in the tested con-

figuration shall not exceed 25 micrograms of carbon monoxide per
gram of sample, ’

TESY DISCIPLINE

4.1

4.2

Each test shall be directed by the cognizant test engineer or his
appointed alternate.

" Approval o-f the test shall be indicated at the end of the test pro-

cedure by the sianatures of the responsible test encineer. Entries

transcribed to the test data sheets will be also verified by the test
engineer. ) ) y

TEST EQUIPMENT

5.1

5.2

5.3

5.4

Test Chamber - The test chamber shall have a minimum main chamber
volume of two liters. it shall have a configuration and be fabricated
of materiais which allow ready cleaning. A thermometer or ther=
mocouple and pressure gauge for temperature and pressure determination,
respectively, shall be includad in the test chamber, The chamber shall
he cannected to a manifold system Lo permit evacuation, pressure
readings, gas introduction, and sample withdrawal. An alternate
system would be tv connect the chambher directly to a.gas chromato-
graph and/or mass spectrometer for the gas analyses.

Heating Source - The oven shall maintain constant temperature control
over the test chamoer to £5°F. The temperature during sample
exposures shali be recorded.

Yacuum Pump = The vacuum pump shail be capable of producing a
vacuum less than one Torr.

Anaiytical Equipment - The analytical equipment shall consist of the
following types of equipment and any other instruments which the tester
desires to use efficiently to evaluate offgassing products.

L]
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5.4.1  Gas Ch >matcgraph System - Recorder, thermal conductivity
= and hyd dgen flame ionization detectors. The columns shail have

the capability of separating licht crganic and inorganic gases,
organic sulfides and mercaptans, halogenated hydrocarbons,
representative aliphatic and aromatic hydrocarbons including
aldehydes, ketones, alcohols, and esters. The hydrogen flame
fonization detector has greater sensitivity to organic materials.
Conversely, because of the flame ionization detecter's lack of
sensitivity to the inorganic compounds listed above, the thermal
conductivity detector is used for their identification.

-5.4.2 Recording Infrared Spectrophotometer capable of analyzing
3 microliters {341 or less of liquid with aceesséries which
include an infrared oas ceil with 10m path length.

5.4.3 ° Mass Spectrometer
5.4.4  Electron Capture Detector

5.4.5 Trapping System suitable for trapping and transfer of microliter
quantities of liquid from the gas chromatograph to the infrared
spactrophotometer or mass spectrometer. A divect G. C. mass
spectrometer connection can replace the trapping system if dasired.

5.4.6 Gas Sampling System suitable for transfer of measured volumes
of gas samples from the test chamber to the gas chrematograph.

5.4.7 Calibration Gas Samples as required (o quantify detector
sensitivity and readout. These may be beught from a manufacturer
or made up in the iaboratory.

6.0 PREPARATION OF TEST EQUIPMENT

6.1

6.2

Prior to loading of sample into a container, the container shall be loaced to
test pressure with test atmosphere, heated at 155° + 5° F for 24 hours,
and the gas analyzed for total organics and carbon monoxide, The confainer
‘chall Be certified clean for use if the total crganics value is 5 ppm by volume
methane oy less over the test aumosphere and the carbon monoxide value is

5 ppm by volume or less. After use, the container shall be reused without
cleaning if the sample values are equal to or fess than the above. If not,

the container shall be heated and pusgad with air or nitrogen by some conven=
jent method such as a heat gun with Wlower, joaded to test pressure vith
test atmosphere, and tested to the abtve specifications.

Leak Check - The test system shall not increase in pressure more th.i1 one

Torr. while remaining at a reduced pressure of one Torr for a time period
of one hour.
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7,0 PREYEST PROCEDURE

7.1

Verify material identification as one of the foliw;ing:
7.1.1  Manufacturer's certification

7.%.2 NASA certification

7.1.3  Contractor certification

7.1.4  Definite identification not avaifable

8.0 TEST SPECIMENS

8.1

8.2

8.3

All the materizls tested in the program shall ba classified into four
categeries; surfzce, volume, weight, or specialized items.

Samples based on Surface

This classification is defined as all those materials that are essentially
two=dimensional. This would include {ms, fabrics,coatings, finishes, inks,
primers, adheswves, thin film lubricants, tapes, and electrical insulating
material.

The sample tested shall have a surface area of 46.5 £ 2.5 square inches
per liter of test container. Coatings, Tinishings, etc. shall be ceated on
clean aluminum substrate of 0,020 + 0.01 inch thickpess, #Rizterial
thickness, curing process, and method of application shall be in accordance
with the manufacturer's reconmendations. #daterial may be coated on Doth
sides of the aluminum panel. Tapes and other similar materials with an
adhesive surface shall be fastened to a simifar aleminum panel. Inall
cases, only the outer surface of a material on the alummum pan2! is
counted in the swiace area determinations, Films, fabrics, and simifar
matevials shall be cut to qive 6.5 % 2.5 square inches suriace area.
Since these materials are two-surfaced 11 use, both the top and bottem surface
shall be counted in determining total surface area. Heat shrinkable tubing
shall be applied and shrunk to simulate actual use configuration,

Samples based on Volume

This classification is defined as all those materials having an indefinite

volume but having a large real surface are: due to surface convolutions ov
matting. These shall include foams and tther blown or foamed materials

and insulation padding.
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2.0

8.4

8.5

Samples of thest materfals shall be cut to a thickness of 0,50 + 0.05
inches unless the existing thickness is less than 0.40 Inches. In this
case, the existing thickness shall be used. The material shall be cut to
such a size as to give 7,75 % .75 square inches of tetal surface per Hier
of test container volume. All surface, tops, bottoms, and sides shall be
used to compute total surface area. In cases where the natural thickness
Is such that the material cut would be too farge to be placad into the con-

tainer, two or more dleces may be cut as long as the total surface area
requirement is met.

- Samples based on Weight

This classification is defined as ali thoss materials having a dafinite

bulk and not failing into the volume classification, This shall includs
potting comoounds, molding compounds, cast oz formed objects, solid
wires, and thick plastics. Liauids that are not ysed or app!ied as coatings
or thin films shali be included.

The samples shall be used as much as possible in the supnliad confiuvra~
tion and cut to give 5.0 £ 0.25 grans per liter of test conlainer, Pottad

or melded materials shall be prepared and cured per manufacturer’s directions’
and cut to weight. Liguids shall be placed in an aluminum dish 2.25 %

0.25 inches in diameter, Sample weight shail be 5 0% 0.25 grams per
fiter.

Specialized ltems

I must be recognized that some materials will not meet the above classifica~
tions and must be scecially handled. This will most often eccur witk non-
homogenesous materials. These cases will be tested in the manner designated
by the Test Engineer. The manner of testing and sample prepasation shall

ke fully reported.

PROCEDURE

2.1

2.2

Putge the test chamber until the minimum test atmosphere concentstion is
95 percent and hegin heating, Bring the chamber to 155° & 5°F ard ad-
just the chamber pressure to test pressure.

After twenty=four hours, check the test gas for contaminants with the gas
chromatograph. Proceed to 9.3 if the total contamiration is less than

5.0 ppm by volume over the test atmosphere. If the contamination ¢ xceads
the above value, the test chambar slill be flushed and rechecked al‘2ran
additional twenty~four howrs. This procedure shall be continued unul the
contamination is below the specific level of 5 ppm. If the cassing contam-
ination continues indefinitely, revision-of the test chamber is indicated.
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2.3 Place z clean weighed specimen prepared per Section 8.0 in the test

chamber. . ,

9.3.1  The chamber shall be evacuated through a liquid nitrogen trap
to below one Torr. The chamber chall then be closed off andthe
test gas filiered through a 5X Molecular Sieve,bled nto the
chambeg; to test pressura. The conditions of exposure are held
at 155 4+ 5 F for a total period of 72 hours. Following the
designated exposure period, the chamber is brought to room
tempeiature. After the final gas samples are taken, the test
specimen is removed {rom the chamber and weighed, The
gases are then analyzed for the following:

2.3.1.1 Total organics expressed as methane equivalents,

9.3.1.2 Outgassing comnonents exceeding 10xg/q including
btt not limited o the feilowing: HCHN, Benzens,
Kylene, MEK. Chloroform, n~Butanot,
Dichioromethane, 1-4 Dioxane, Formaldehyde
Trichloroethylene, HCL, Ammonia, Hydregen
Fluoride, Carbonyl Fiuoride and Silicon Tetra~
fluoride. Condensates in the cold trap may be
récovered as gas and likewise analyzed and
plotted. ’

2.3.1.3 Quantity of carbon monoxide evolved.

2.4 Detemination of Total Organics « The gas chromatograph with the proper
columns; Bjec!unan Total Hydrocarhon Analyzer oy an eguivalent instrume it
may be used for the dztermination.

2.5 Qutgassing compenents, including those listed in - 9.3.3.2, that exceed
10.49/g shall be identified and recorded in the reparting format,

9.6 Determination of Carbon Monoxide - The carbon monoxide content of the
evolved gases shall be determined under Section 9.4 zhove by
utilizing an appropriate ceparation and analytical technigue having the
sensitivity to detect within 0.5 «g/g CO.

9.7 Al charts and data are to be retained in the event further identification
or evaluation is necessary.

10.¢ REPORTING DATA

10,1 The folfowing test data and pertinent infurmation conceming the material testad
shall be reporied:

10.1.1 Name and positive identification of the materiaf {paragraph 7.3}
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10.1.2 Vendor designation and vendor

10.1.3 Usage, an surface area in the spacecraft

10.1.4 Weight and size ~ length, width and thickrzess of sample tested

10.1.5 Test F_)i"ESSUi‘E and atmospheré

10.1.6 Resuvlts of tests.
10.}..6,1 Carbon monoxide in micrograms per gram
10.1.6.2 Total organics in micrograms per gram
.10.1,6.'3 i&entity of organics greater than 10 micrograms/gm
10.1.6.4  Weight loss, percent,

10.1.7 HName and number of test procedure

10.1.8 Date of test

10.1.9 Test number

10.1.10 Identity of the testing agency

10.1.11 Hame and signature of test coordinator,

c-8-



LAPPEND I X
“ D -

ODOR TEST (1

(1) Test No.7 of MSC-D-NA-0002, "Procedures and Requirements
for the Flammability and Offgassing Evaluation of Manned
Spacecraft Non-metallic Materials."
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2.0

3.0

TEST MO, 7
ODOR TEST

PURPQOSE

'i'hese procedures are designed to eliminate unsuitable materials from use in the
habjtable area of spacecraft. A material that fails these requirements shali not be
used. .

TEST COHDITSG:‘*&.S - PRAESSURES AND ATMOSPHERE

The test pressure and oas atmosﬁllere conditicns for the pertinent matevials
category shall be designated by the requirements for each program.

ODOR CRITERIA

3.1 Selection of Test Panal for Cdor Evaluation - The test conduclor shall
establish a pool of qualified personnel.

32.1.1 HKembors of the pool shall be male and each member be
capabie of detecting seven basic odors from the following
- solutions:

Primary Odor Standard Compound Amount Dilution in Water
Ethereal : 1, 2 = dichoroethane 0.4 wf in 500 mi '
Camphoraceous 1, 8 ~cineole 541 in 500 mi
Musky 15 - hydroxypentadecancic 1 mgin 1,000 mi
“acid factone ]
Floral 1 = methyl 1 -ethyl-2~ $.075mi In 500 mi
. pheny! propanol=1
Minty menthone (di} T 2241333 ml
Pungent - formic acid 25 il of 50 porcant

selution in 500 m!
Putrid (methyl disulphide) methyl dithiomethane 1al in 10,000 ml
3.1.2  Members.of the poo! shall be given three odorless soluticns
along with the seven primary standards for the detection of
odoe. .
3.1.3°  Thc solutions shall be frashly prepared once a month or as u:edad.

3.1.4 - The established pool for odor evaluation shall be requalificd every
three months., - : .

3.1.5 A panel of five or ten memters shall be selected from the ;ec!‘_for
edor evaluations. in the event that the test panel consists of five
members, each member shal! evaluate each sample twice for cdor.
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3.3

3.1.6

3.1.7

3.1.8

3.1.9

(Qdor panel members should receive a nose and throat
examination by a medical staff priorto, and after, each odor

izt session.

Miembers of the pool shall not participate on the pans!
if their sense of smell is affected in any manner.

At least one of the seven basic odors shall be presented to the
panel members as a standard for sensing odor prior to
evaiuation of odors from any sampie material.

Paneal members shall not be pemittad to see the material or to lnow the
gas sample being evaluated for odor, nor to sze the ratings of the other

- panelists.

3.1.10

3.1.11

Qdor evaluations on sample materials shall be performad in
a suitable room, free from extraneous odors.

Odor evaluations sha(H be performed on every new botile
of oxygen or gas used for the tests,

Odor Evaluation ~ Each panei member shall evaluate the odorof a
sample according to the following scale;

Miembers Rating Test Conductor's Rating
Undetectable 0
Baiely detectable 1
Easily dewectable 2
Ohjectionable 3
Irritating 4

A total score of 25 or less, for the sum of ten odor

evaluations of any sample material by the panel members,
signifies the material nasses the odor test. A rotal score
above 25 at any dilution signifies tiat the material falls.

4.0  TEST DISCIPLINE

4.1

4.2

All materials shall have been tested for carbon menoxide content and total
organics before being subjected to the odor test. i a material has over

25 micrograms/gram of carbon monoxide, or over 100 micrograms/gram

of total organics, no odor test shail be performed ., If the ofigassing produces
above 104g/g are analyzed and are judgad by the approprizte space medicinz
division to be nonicus, this fact shail be ictad on the test report, and no
odor test need be performed.

Each test shalf be directed by the cognizant test engineer or his appointed

allernate,
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4.3  Approvai of the test all be indicated at the end of the test procedure

by the signature of the responsible Test Engineer. Entries transciibed
to the test data sheets will also be verified by the Test Engineer,’

5.0 TESTEQUIPMENT

6.0

5.1

5.2
5.3

5.4

5.5

5.6

5.7

Test Chamber - The test-chamber shall be made of pyrex glass and: its
internal volume shall be two liters minimum. The test chamber shall:.
have the following:

5.1.1 _ A cas tight removable cover.

5:1.2 A sampling valve, -

5.1.3 - A sampling port capable of being sealed with a septum,

A laboratory vacuum dessicator may be utilized as a test chamber.

Oven - The oven shall be capable of providirig a constant temparature of Z00°F,

Test Gas Supgly - The test gas shall be commercially available & conform to
the appropriate s{peciﬁcations. Suitable eguipment for transferring gas to
test chamber sm1all be used.

Sample Transfer Equipment = Glass swringes, of 30 ce minimum capacity, shall be
used for measuring and transferring the sample atmospheres from the test
chambers to panel members face mask.

Pressure Gauge - The pressure gauge shall be capable of measuring absolutz
pressures to within = 0.1 Tor accuracy.

Olfactometer - lee'oifactometer shall consist of a mask made of edorless
flexible material which can be applied to a panel member's face.

All odor testing equipment shall be nenproducers of edor and carbon monoxide,
under test conditions set forth under Section 8.0,

PRETE ST PROCEDURE

6.1

Verify material identification as one of the items below:
6.1.1  Manufacturer's certification

6.1.2 NASA certification

6.1.3  Contractor certification

6.1.4  Definite identification not available
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7.0 TEST SPECHAEMS PREPARATION

7.1 All the materials t=sted shall be classified into four catagories; surface, volume,
weight, or specialized items.

7.2 Samples based on Surface

This classification is defined as all those materials that are essentially
twodimensional. This would include films, fabrics, coatings, finishas, inks,

primers, achesives, thin flim lubricants, tapes, and electrical nsulating
matefia! K] -

The sample tested shall have a surface area of 46.5 + 2.5 sauare inches ey
lter of test container, Coatings, tinishirgs, ete. shall be coated on clean
aluminum substrate of 0.020 = 0.01 inch thickness. Malterial thickness,
curing process, and method of apolication shall be 1n ascordance with

the manufacturer's recommendations. Material may be coated on both sides
of the aluminum paral, Tapes and other similar materials with an

adhesive surface shall be fastened to a similzr aluminum panel. In all cases
only the outer surface of a material on the aluminum panel is counted in the
surface area determipations. Filims, fabrics, and similar materials shall be
cut to give 46,5 % 2.5 square inches surface 2rea, Since thess materials
are two~surfaced in use, both the top and bottom surface shall ke counted in

determining total suface area, Heat shrinkable tubing shall b2 applied and
shrunk to simulate actual use configuration,

7.3 Samples based on Voluma

This clascificating iz d25n2d as all those materials having a definite
volume but having a large real surface area due to surface convolutions or

matting. These shall include foams and other blown or foamed materials
and insulation padding.

Samples of these materials shall be cut to a thickness of 0.50 % 0.05
inches unless the existing thickness is less than 0.40 inches, i this
case, the existing thicknass shall be used, Tha material shall b2 cut to
such a size as to give 7.75 % 0.75 sguare inches of total surface per
liter of test container voiume, Al surface, tops, bottoms, and sides shail
be usad to compute total surface area. In cases where the natural thickness
is such that the material cut would be too largs to ke placed into the con-

tainer, two or mote pieces may be cut as long as the total surface area
requirement is met.



8.0

2.0

7.4

7.5

Samples based on \Weight

This ¢classification is defined:as well as all those materials having a
definite bulk and net failing into the volume classification. This shall
inciude potting compounds, molding compounds, cast or formed objacts,
solid wires, and thick plastics. Liquids that are not used or applied as
coatings or thin films shall be included.

~ The samples shall be used as much as possible in the sunpiied configuration

and cut to give 5.0 £ 0.25 crams per liter of test container, Pottad or”
molded materials shall be prepared and cured per manufactuser's directions
and cut to weight. Liguids shall be placed in an aluminum dich 2.25 %
0.25 inches in diameter. Sample weight shall be 5.0 £ 0.25 grams per
liter,

Specialized ftems

it must be recognized that some materials wiil not meet the above
classifications and must be speciaily handled. This will most often occur
with non-homogeneeous materials. These cases will be tested in the manner
designated by the test engineer in charge. The manner of testing and
sample preparation shall be fully reported.

TEST CONDITIONS

8.1

8.2.

8.3

8.4

8.5

806

The atn‘osphere and pressure in the tést chnmber at the start of expasure
shall be that specified for cacH procram.

The sample materiais shail be heated at test temperature of 155° % 5°F
for a test duration of at jeast 72 hours.

! eak Check - The test system shali not increase in pressure more than
one Torr. while remaining at a reduced pressure of one tow for a time pavied
of onie hour, .

Odor evaluations shall bz staried within three hours of the conclusion of
the thermal tieatment.

All measuring equipment shall have the proper calibration stickers.

All equipment shall be cleanzd in accordance with commonly accepted
faboratory practices and chali be given a distiiled water rinse ard oven=
dried at a minimum temperature of 200° F. The eguipment shall be free
of extraneous odors. :

JEST PROCEDURE

The procedure shill be conducted in the following order,

2.1

Sariple materials shall ba peenzred necording to the conditicns outl nad
unger sample preparation in Sestion 7.0, .
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10.0

2.2

9.4

¢.5
9.6

9‘?

9.8

After placing the sample material in the test chamber, the chamber
shail be evacuated to ona Torr. or leas. The test chamber shall then be
pressurized to test mess re and test atmosphere, <~

The test chambear shall be exposed to a temperature of 155 & 5°F in

an oven for a time period of at least 72 hours, aliowing time for initial
warme-up,

Following the isothermal exposure, the test chamber shall be removed -
from the oven znd allowed to return to room temperawure.

The pressure in the test chamber shall be measured and recorded.

Ohservation of distillable residues on interior chamber walls shall be made
and recorded.

The test chamber shall be pressurized to one atmosphere with test gas
and a sampling septum installed.

Odor Test ~ Known volumas of sample atmosphere shall be extracted
from the test chamber by means of a syringe and diluted with fresh gas

in the following proportions:

9.8.1  One part of sample atmosphere to 29 parts of test gas.
©.8.2 - One part of sample atmosphere to 9 parts of test gas.
9.8.3  HMo dilution, or as drawn from the flask.

9.8.4 A material that fails the criterion at any of me above diiutions shall
terminate additional testing., Testing shail bedn with the greatest
dilution and progress toward no driution.

REPORTING

Unless otherwise spacified, the following test data and pertinent information
conceming the materials shall be reported.

10.1
10.2
10.3
10.4
10.5
10.6

Name and positive identification (para. &.0) of material,
Vendor designation and vendor,

Tolal rating numbers determined by the panel members.
Definition of the odor as inteipreted by each panel member,
Status of the material as a result of the test,

Hame and number of the test presedure.
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10.7 Test pressure, atmosphere, and temperature .-
10.8 Date ortest.
10.9 Identity of the testing agency.

10.10 Name and signature of test coordinator.,
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BOND STRENGTH
TO ETCHED
TEFLON AND KAPTON WIRE (1)

(1) Appendix B of NAS 9-8750 Statement of Work
(Ref: Appendix A of this report).

E~1



1.0

2.0

3.0

b.o

5.0

TEST N0, 2

BOND STRENGTH TO ETCHTD TETLOH AHND KAPTON WIRE

PIRFCSE

Thig test is designed to cveluate the bondsbility of- the camdidate potting,
encgpsulating, and conformal coating ceapounds to etched TFE Taflon wire
insulation end FEP Teflon dlspersicn=coated Kepton wire insulation.

CRITIRIA CF ACCHETARIIITY

Compounds shall feil in cohesive shesr of no less than ten (10) pounds logd,
when the wiring they ore encapsulating i3 subjected to a standardized tepsile
test. Adhesive fallures allewring the wire to pull out of the compound ere
indicative of inzdequate etching, and regquire retesting.

TERT BECUTIRERT

3.1 Tennile Tester, Instron, or equal.
3.2 Ssmple Holder, per Flgure 2.
SAMPLE FREPARATION

.l The follcwing wire *nsulaiioas shall he used in testing each compound:

4.1.1 Three (3) se.r_’:plns o TFE Teflon insulsted AYG 20 hookup wire,

‘per MIL-W-22759, Type IS 21685. Bach sample shall consist of
five (5) wires, 24" long.

k1.2 ' Tiree (3) e %ples of FET Teflen overcosted Kepton insulated A¥G 20
hockup vwire, per MIL-¥-81281/1 {A8). Each sasple shall consist
of five (5) wiresg 24" long.

4.2 The wiring specimens of 4.1 shall be etched pef MSC-SFEC=-Q-3 (Appendix F).
4.3 The etched specimens ghall be eacspsulated in the sampleAholder of
Figure 1, using the candidete compounds. The samples shall be cured,

using recoamenaed cure tl&e/teﬁ@erature cycld,.

TEST FRQCEDURE

5.1 Imgert a pin throush the hale in the boticm of the sanple holder amd
attach t0 & clevis oS the lover crosshead of the tensile fester.

5.2 Atiach the wires under teat to a lug provided st the uppor cvosshead.



FIGURE 1

WIRE BOND} STRENGTH
SAMPLE HOLDER

o
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Qq________ 3/8" DIA. THROUGH

/\ HOLE DIAMETERS IN WOODEN PLUG TO CLEAR WIRE
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6.0

Assure that clevises/lugs are atteched to the tensile tester croasheads

with spherically seated bolts to assure alignment of the force slong
the wire axis,

5.4 Bet the moving crosshead speed at one inch per minute free heed travel.

5.5 Conduct the test, sssuring that the ueat wires axre pulled completely
free of the cendidate coopound.

RESULTS

6.1 Report the highest load carricd by the wire wnder test as the ultimste

© load; for the three samples of cach of the wire insulevions of parae

greph 4.1, :

6.2

Report whether each gpecimen failed collesively or adhesively.
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PRE-TREATMENT
(ETCHING)

OF TEFLON SURFACES
PRIOR TO POTTING PROCESS,
SPECIFICATION FOR
MSC-SPEC. Q-3
(1)

(1) Appendix E of NAS 9-8750 Sxzatement of Work
(Ref: Appendix A of this report)
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MSC~SPEC. (-3
Septombsr 1965

MARRED SPAGESRAFT CNTER
HATIONAL AERONAUTICS BND SPAGE AIMINTSTHATION )
HOUSTON, TRYAS
FRE-TREATMELT (ETCHING)} OF
TEFLON SURPACES PRIOR TO FOTTING PROCESS
| SPECIFICATION FOR

This spreificoticen has been approved by the Manned Spacecraft Cender’
{SC) Zor use by MSC contractors, MSC, and other Centers as appro-

priates,
1,0 SOOPE

2,0

This procedure describes the materinls ard techniguen roguired
to sdeyuately elch Teflen TFE and FEP surfaces to provids &
. bondable suvriace prior to poliing.

HATERY IS

2,1

2.2

2.3

204

Etehant

"etra-Etch?, manufactured by W, L. Gore and Asscciales,
Xeuard, Dslavare or espproved equivalent.

Glsaning Gesapound

®Freon” Precision Cleaning Agent (PCA), manufnctured by
B, I, DuPont "Freon' Products Division, Wilminglon, Dila-
Havre,

Heutralizer

Rapthu solvent, Laboratory Quality. Fisher Sclentd fie Con- .
pany, or equivalent.

Gaseous Blanket

Witrogen, Specification B-B-H-411lb, Amenduent 1 of Junuary
18, 1865, Type 1, Class I, Grade B. '
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3.0

2.5 Dryer
8ilioa Gel; indieating ecmercisl grade,

2.6 R&ga
Grads A, ccomercial grads.

2.7 Bags - )
Eraft paper, commercial grads.

2.8 Shrink Tobing
Thernofit SCL, per Rayelad Bulletin AT-625,

PR{CEIORE

301 Izmin
Trim all vires {excopt those deseribsd in peragraphs 3. 3.5
and 3.3.6) to ths dimensions required by the applicable
draving or specificaiican, roieining 37 - 67 in excese of
these dimensions. . If shiclded wives are 4o be terminaled
within the poltdng so {1hat only the shicld jacket pwotceudes, .
the primary wire insulabtlieon Qoss nol require elching and
terminations should bo made afisr etching only the shiasld
jacket. If shiolded wiros-are 4o 0 terminated cutsidoe of
the potting, the temninations should be made prior lo obohe
dug, In tho laller cass, shieid jackots do not reqguirs
etehing, but all primary wirss, shield termination wires,
and any other Jimper wires which wiil exit the potting

_ shouid bs trimmed at this tims, lsaving 3% - 6" eucesr

length, )

3.2 Zleaning

M5C-SPEC-0-3
Septemlisr 1966

A1l dixt, grease, {finger vrinte, and any exterior coatings
previously epplied %o wire to bs siched shall be removed
by wiping viporously with "Froon® Precision Cleaning hAgzent
(PCA). This shall be followed by a clean oven bake af
120 dagreec ¥ for 30 minutes.
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HSC-SFIC-Q-3
Scptember 1966

3.3 Etching

3.2.1

Obtain fresh ¥Tetraz~Etch¥ from refrigerated slorage.
Agsure {hat maxinum sghelf life of sizx montha when

" gtored gt A0 degress ¥ to 50 degrees T has not boen

exceeded, Fresh "Totra-Eteh" is dark greenish-
black, It should be discerded after 8 hours st

roan {Yemperature or i 1t begins teo lighter.

2,2.2

" 30363

30204

Pour "Totra-Bich" into a 500ce glasa basker to a
depth of approximately 3", Return unused "Tetra-
Fitch" 4o refyigerated storage immediately.

If the etching process is to bs continuous, provide
a sufficient flow of dry nitrogen gas passed through
a sillica gel dryer to form a gaseous blankei over
the container. If the process is used only inter-
nittently, the nilrogen is not required, but the
beaksr should be kept covered when not in uso,

Hake a "U¥-bend in the viree to be elched and immerse
in ¥"Tetra-Btch" for _approximately 30-45 scconds;
heeping cut wire anas andfor shield terminations
above the surface of sichant. I the hundle 1o bs
etched doss not includeo any white Tefleon insvlaled
wiren, a ssuple of white wirs should bs included.
Cnee the wires have been dmmsrsoed, do not ronove -
+11 the 30 ssconds have expired. (NOTE: I etchant
is exposed to air, & coating ferms which prevenis
Hrther ebching i ths vire i3 re-inserted Iinto ths
polution.) Afier 30 scconds, remove tha sempls of

~ white wire and examine for typlcal continvous 1ight

303.5

%an Yo dark brovn golor.. 1f satisfactory, remove

all vires and drain., If the sample wire bas any
original white color chewlng in the etched area, &
satisfactory oteh has not boen obitained and wiras
ghall be reprocessed starting wilh parugraph 3.2.

In the event thal insufficient vlre lenpgth oxi:is
to make & setisfactory “U"-bend {for exmmple, If the
wires to be etched have alveady beon cut to length
by & conponent supplior}, the open ends of the wires
end/or shields shall be sealed from etchani pene-
tration with “herﬂoflt E0L {ubing of tho approyriaie
diemoter. 4 3 plece of SCL shall be placed over
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3:3.6

30307

3.3.8

30369

MSC-SPFL-Q~3
Septeuber 1966

the last 2Y of wire and shrank down., The 2% of tul-
ing extending bayond the ond of the wire shall bo
pinched together while molien to effect the moal.

fn alternatve mesna of protecting open ends is 1o
dip than epproxdimately 47 doep in molien candle
BaEe

-After sealing open ends, the wires shall be immcrsed
in "Totra~Btch" per paragraph 3.3.4.

I% is highly desirable that etching be accomplirhed
prior to temination of wires, however in the event
that otching of wlres is reguired after ihe wircs
have already been terminated {such as after eleciri-
cal connectors or cirsult boards have bsen inslelled
by & lover itler supplier), the elchant shall bhe
applied 1o all accessible wire insulation smrfnces
with a thin polyetbylens sirip, afler orienting eri-
tical parts {such as comeclors, circuii boards,
etec.} o that ther are not exposed to ebchani. A
brush shall not bo vsed because zir entrained aound
bristles mey reducs the degree of etch olLiained.

To conmplete tho etching process, folleow ths die~
dure of paragraph 3.3.4.

Dip satisfactorily obched wires in a 500cc boaker
eontaining approxinmately 37 of clean Haptha golvent
and agitete genitly. Hewovs and drein,

Repeat paragraph 3.3.5, using & second besker of
clean Haptha solvent.

Oven bake stehed wires in a2 ¢lean oven af 120 fde-

grees F for 320 minutos, Hinimize hendling of in-
sulglion in etchicd arcas.

303,10 Cut wires to length per spplicable draovingor spec-—

33011

303.42

ification. Remove only 4% froa ends of vire: pre-
pared par peragraph 3.3.5.

Place froshly etched wiros in clean papar bags and
peal to protsct frem dirt and Iight.

Etched vires shall ba potted as doon as posiible
after ebeching, * If more than thres weeks havo



USE-SPEC-Q-3
Septenber 1966

elapsed, the vires slhinll be reprocosced per prra-
graphy 3.2 and 3.3.

3.3.13 Elched wirss shall be protected fran light ond e
sessive handling prior io potiing.

4.0 CQUALITY ASSURARCE-PROVISIONS
4.3

.492

o3

inspection & fccentance

‘ccepbance of the etching process shall be based upon the

roquirements outlined on paragraph 3.1 through 3.3.13
above.

Hirs bundles containing white Téflon insulation - the
vhile wires shall have a continuous light tan to dark
btrown coloring. Mottled or spotbty appsarance is ceuse for
yajection and reprecessing per paragraphs 3.2 and 3.3.°

Yire tundles coniaining only chlered Toflon Snoulatlen and/
"wFidn insulalicn with Teflon disperelon overcont -

Yun sample white Teflen wire ghall be tagped to ideatifly

it uvith the stched btumdls. This ssmple shall be hnapoeted
par paragraph 4.2, If ths gzaple exhibits mottled ox
spotiy appesrance, vhe Lundls shall ba rejecied and ro-
processed psr paragraphs 3.2 and 3.3

5.0 ETCHANT CHARAGTERRISTICS

5

ﬂ

-

Shell Lifs of Fichany

5.1,1 Shelf life of "Tetra-Bieh® 1s six months maximws
vhen storsd bstween 40 degrees F and 50 degroes F.

5.1,2 8mall comtgdners should bs ussd in preference bo
large containers in mindmize rsuase of proviourly
openad containers, These eontainers ghell he kept
elosed mand wax sealed uxdler roirigeralion except
when actually removing or zéplacing etchant.

5:1:3 Uged eotahent shall ba disearded in licu of relurne .
ing ¢o original comteimors {zee paragreph 5.2).
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5.2

5.3

3.4

HOTICE:

Custodians

MSC-SPEC-(-3
Seplembear 1966

Uigearding Spont Frchani

5.2.1 Spent "Teira-Etch™ ghall be poured slowly into a
large container of water until well diluted.

Be2.2 Pour diluted mixture down tha drain and flush wviih
clean water,

-

Etcehant Composition

BTetra~Etcn® is manufactured as a super-saturated mixiure
of a sodiwm aryl compound in highly polaxr solventa. As
no free metallic sodiwm is prcsent, BTetra~-Etch? is nun-
phrophoric;y will not ignite wher oxposed to air or poured
into water. The solution is duﬁk gresnish-black, wiiu a
specific gravity of epproximately ,97 and a vapor praisurs
of approxinetely 50 mm Hg at 20 degrees C. Its flach
point is epproximately 33 degrees Fy the suto-ignition
temperature is greatver than 745 degrees G, .

Safetvy Precsutions

"Tolra~Etlch™ is flammatie and shoulld be kept avey fr.o
open flmass, Cauetic soda is formed vhen ths sodium com-
pound reacts with moisturs: thersefore, any solution that
gets on the skin should s flughed off immedlately with
water, BRubber gloves aore advizabls and safety glasacs
should be wern., Provide goed ventlilatlon Lo prevent pro-

" Zonged bresthing of fumes {rom the solution.

Hhen Govermment drawings, specifiecations, or other data
are used for eny purpose other than in connection with a
definitely related Govermment procurement operation, the
United States Govermment theraby incurs no resporsitdlity
nor any obligation whatsoever; and the fact that the
Government ray have formulated, furnished, or in am way
gupplied the said drawings, speciiications, or othe: data
ig not to be regerded by implicsilon or otherwlse a3z in

eny manper licensing the holder or any psrson or ccrpora-
tion.

Prapared bys

HASAY -~ Monned Spacecraft Centor Qualiiy Assurance Branch, AH5

Flight Safety Oifice
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NASA, WHITE SANDS TEST FACILITY, 11-6-68

The laboraiories conducting ignition, flammability, burn rate, out-
gassing, carbon monoxide/total orgamec, and odor tests were toured;
they have excellent equipment, including a new mass spectrometer
and new TGA/DTA. Experience is low on the new equipment. Subject
program was reviewed with Dave Pippen {Mgr., Systems & Materals
Evaluation Laboratory) and Len Schiuter (Mgr., Malerials and Pro-
cesses Laboratory). Both are NASA personnel but have LTV/AGC
staffs who actually perform the tasks. Dick Lindquist, Chief Chemist
of the AGC staff supporting Len Schluter was particularly involved
in the conversations. Some of Schluter's people believe the contract'!s
work statement outgassing test condifion of 1 x 10-4 torr as being con-
siderably difficult to achieve (and hold) with simple pump. They also
consider 10 A4 gm/gm as their chamber "clean' limit, "a lower limait
would present serious practical problems in measurement. " They have
approximately 10 stainless steel cylindrical chambers, 120 liters each,
for the different forms of pyro testing, but they utilize the same basic
design in each one. The varations in testing are essentially achieved
via verfical or horizontal positioning of the chamber, and appropriate
specimen fixtures. They insist on direct chamber venting to building
exterior, with vacuum assist being available {(and usually utilized).

Each chamber has both a rupture disc and a relief valve, They have not
obsexrved significant pressure increases upon ignition. They have heard

of MSC's use of silicone 1gniters fo obtain increased 1nitial flammability,
They are generally using the tissue wrapped hot wire technique. They
would, theoretically, prefer a massless 1gniter with a maximum area.

In general, they put the specumen in the chamber, evacuate to 0.1 torr,
backifill with the test gas to test pressure, ''socak" the specimen for ten
minutes, and ignite. A tofal specimen cycle can take fifteen to ninety
minutes, depending upon specimen condition and post-test clean-up time.
Mr. Pippen offered to do some of the testing for ihis program if it

didn't interfere too greatly with their normal work schedule. For example,
he could slip in a few samples at a time without static from anyone. How-
ever, they couldn't guarantee how long they could mmaintain such an arrange-
ment 1f they got a sudden influx of '"'normal'' work. They presently can
totally handle 10-15 materials per week on a maximum effort basis {but

no overtime). Turn-around time for 2-3 samples for CO/TO/odor would
be approximately one week if received on Thursday; two weeks if any
other day. Their usual procedure is to prepare the specimen for test by
Friday, place it in the environmental chamber that afternoon, evaluate

CO/TO on Monday, odor (xf O.K. to run}) on Tuesday, do a quick-look at
the data on Wednesday. Thus, Furane could receive a preliminary report
via telephone Wednesday afternoon.
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They can also conduct the potting and conformal coating flammmability
tests of MSC-D-NA-0002, Test Methods Nos. 5 and 17, respectively.
Filin coverage would also be provided, with a turn-around time of 1-2
weeks if processed at WSTF (option: 1 day delivery of raw film to
MSC for processing; MSC turn-around time not stipulated as yet).

In addition, the pyrolysis outgassed products would be examined via
IR and GC for any peaks. These peaks would then be identified.

Mr. Pippen wasn't sure if MSC would approve specimens going directly
from Furane to-White Sands (usually specimens are funneled through
Houston}. Mr. Lieberman stated that he would consult with MSC to
avoid the unnecessary transshipment. Before - firming up the whole pro-
cess, its obvious advantages must be carefully weighed against some
potential inherent problems: The cost of establishing the test facilities
in dollars and learning curve time (equipment as -well as personnel)
must be weighed against increased travel cost/time and the possibility
that their "normal' work load could increase to a point where they
would not be able to provide the above turn-around time, or even test
Furane specimens at all.

The Furane concept for the flammability chamber was reviewed. They
didn't see any major objections if complete safety precautions were
utilized., Furane/MSC will have to go through L. Maurice Clelland,
Chief, Program Control Office, for equipment prints/photos, and test
and specimen preparation procedures.

NASA-MSC (HOUSTON, TEXAS) 11-7-68, 11-8-68,

Mr. Lieberman first met with Harry Kline {Contract Technical Monifor
for NAS 9-8750), Structures and Mechanics Division, Formulation pos-
sibilities with commercial elastomers were reviewed, including

Mr. Kline's prior and present laboratory activities in this area, Flam-
mability testing of his latest formulations in 16.5 psia oxygen was ob-
served. The potential testing arrangement with White Sands (e. g. GO/
TO, odor, etc.) was reviewed. Mr, Kline concurred in the direct ship-
ment of specimens from Furane to WSTF. He suggested consideration
of "NASA-MSC Non-Metallic Materials Test Request/Report, MSC Form
2035B (Rev. Apr. 68)." The format will be established upon consuliation
with Dave Pippen of WSTF. Mr. Kline commented that WSTF has done
considerable flammability studies in rate of burning, but they do not have
significant experience with {lammability of connectors. On the other hand,
his lab is constantly testing these latter types as well as unenclosed con-
nector-size specimens. However, WSTF is probably better equipped and
has had greater experience in the analysis of offgassed products, a re-
quirement of the flammability screening test. In responce to the sug-
gestion that MSC run some of the flammability tests, Mx. Lieberman



commented that the prz-preliminary and preliminary test phases will
require the investigation of numerous specimens in a vex:y $hort time
(schedule limitations) and that formulation modifications may be re-
quired as soon as a flammability test is completed. This would neces-
sitate conducting these tests at Furane. However, the final flammability
screening test, as specified in the . Work Statement, cculd be carried

out at either MSC or WSTEF.

Mr. Kline's technicians (-contfra.ctor: Brown & Root/Northrop} "pull down"
the chamber to 5 torr, leak check for five minutes, backfill, and test.

His chamber is a rectangular cast aluminum’ shell, 1'x 1' x 2" with

3/4" x 3/4'" reinforcing angles. The door has a glass face and is

sealed via an expanding 'O' ring-type gaskef. This seals for vacuum or
overpressure. He has a relief valve but no rupture disc. {The door

bolts are sufficiently weak so that an overnressure pops them.) The Purane
approach for a chamber was reviewed; no significant objections were raised.

His latest formulation efforts include a mixture of Viton LM, boric acid
{or sodium metaborate), zinc oxide, EPON H-1, and DTA {(or DETA).
He is having considerable trouble trying to get a cure with this S}rsteni
at temperatures under 150°F. (thermal limit for certain types of
transistors}. He has been casting his ignition specimens in a 50 ml.
beaker, The cured {?) specimens are removed from the beaker and
helically wrapped with several turns of wire which is then fastened to

the chamber holding fixture. A fusible wire is placed di'rectly under the
specimen and attached to the power source. Usually, the test is con-
ducted with tissue paper wrapped around the wire to assure flame initi-
ation. Another ignition method is to use a silicone rubber igniter, con-
taining 15 phr GE-577 and 85 phr GE-560. The RTV rubber is cast )
into 1/4" diameter rods and cut into 1. 0" lengths, Six helical wraps of
20 gauge nichrome wire surrounds the igniter, Approx.55 amps is used
to fuse the wire in both methods. It has been arbitrarily established that

. the igniter must burn for 25-30 seconds in order to have acceptable ig-

nition. The observed test with the silicone igniter evidenced considerable
smoke and some flaming, dripping material. A subsequent examination
of the specimen revealed that the silicone bad puffed sufficiently to con-

tact the specimen and adhere to it quite firmly. It is clearly a more
drastic igniter than the tissue paper.-

Mr. Kline also tests the compounds with a connector per Test No.5 of
D-NA 0002 (MSC). XHowever, due to the cost of the non-recoverable
connectors he usually leaves such testing until after some evaluations
have been conducted with the simple 50 ml. beaker specimens.

He will forward copies of his previous formulations, their test records,
and loan copies of photos of the tested specimens to Furane.
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Following this, a meeting was held with Dr. Elliot Harris, M.D., who heads the
MSC group concerned with toxicity of spacecraft materials. -~

Dr. Harris readily acknowledged that no "cook-book" existed which
specifies (for more than the conventional industrial chemicals) toxic
species, their critical limit of toxicity (expressed in ppm) in pure oxygen
{or even air), additive/synergistic effects of mixed species, and appli-
cable test methods, However, he suggested the following genel al guide-
lines for our material selectlon process: Avoid

1, Acetic acid forming RTV'!s

2. Phenyl silanes. They appear to lead to steroid interactions when
overheated.

3. Non-polymerized constituents.

4, Excessive use of solvents and volatile diluents. (" Vacuum treat-
ment not always effective. '}

5. Benzene or phenyl derivatives,’

" 6. Carbon monoxide producing systems; although of relatively low
toxicity, it must not be present since the Life Support Equipment
is not capable of adequately removing CO. .
Personnel of the Structures and Mechanics Div. maintain that when ig-
nition occurs as a result of an electrical malfanction, all organic mate-
rials will be effected. Dr. Harris feels that this isn't the real issue.
He states that primary consideration should be given to 1) the tempera-
ture at which seriocus decomposition takes place; 2) the rate of decom-
position at a given temperature; and 3) the nature of the byproducts.
Mr. Lieberman commented that both were actually correct; thermal
. decomposition and pyrolysis were both of significance, and hence, of
concern.

Dr. Harris -is presently establishing an in-house chemical and animal
testing capability. He requested Furane to submit the candidate mate-
rials to him for his evaluation whenever we established a firm interest
in a material, Mesgsrs. Kline and Lieberman later agreed that Furane
should submit specimens, if possible within the prescribed budget and
schedule limitations, upon completion of the screening phase.

Dr. Harris stipulated that CNR should not be used above room temperature.
He further stated that 15 gms of CNR decomposing in the spacecraift

would be lethal {Dr, Thomas' results?). He also stated that a Mr., Jerry
Smith at White Sands had found hydrolyzables produced by CNR at 150°F.
and TGA/mass spectrometer analyses of 150°F. decomposition products
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indicated presence of such highly tox:c species as carbonyl fluoride.
An attempt will be made to procure the reports covering this work.

Dr. Harris was not sure how to most effectively test animals with con-
densables. He was considering use of oral and/or sub-cutaneous in-
jections, but was not fully satisfied with either approach. He hopes io
shortly arrive at a more realistic method.

Messrs. Kline and Lieberman met with Charlie Nagle, Tech. Services
(shop}, and some of Mr. Nagle's crew. They are still potting with such
flaxrnmable compounds as GE 560 and 630, 3M EC 1090, and E. C. Sty-
cast 2061. However, very litile of theirr work is presently going inside
the manned areas. Where 1t does, MSC personnel apply a Fluorel-
fiberglass '"bag' around the potted component. The Fluorel coated sys-
tem is then exposed to 160°F, for twelve hours to remove the MEK
carrier and partially cure the Fluorel. Mr. Nagle believes that North
American Rockwell testing of this system shows significant cutgassing.
He also noted that present procedure calls for a materials approval
prior to each flight, In general, this group either follows various
Huntsville processing specs, manufacturer’s data sheets, or their own
experience.

Mr. Lieberman then conferred with Tom Mancuso, buyer for NAS 9-8750,
primarily to seek his aid in procuring test procedure and facilities infor-
mation from White Sands. He immediately contacted them and conveyed
our request., Mr. Mancuso will pursuve this by letter to WSTF.

RICE UNIVERSITY (HOUSTON) 11-8-68.

Based upon a prior contact by Dr. Margrave (Rice Chem. Dept. ) with
Mr. Kline, a meefing was held by Mr. Kline and Mr. Lieberman with
Dick Lagow, a graduate student of Dr. Margrave, and Joe Nalle, Busi~
ness Manager and Legal Counsel for Rice University (Dr. Margrave
was out of town on this date). The Rice personnel claim that Margrave
and Lagow have develeped a unique process (patent application i1n) to
directly fluorinate any hydrocarbon with ¥5 gas and achieve essentially
100% vield. The visitors were pervmitted to see the actual apparatus
and various samples as they appear before and after processing., For
example, they were shown two small vials of white powder; one which
was said to be a commercially available polyethylene powder and the
other which Lagow claims was their processed perfluorinated version of
same, it having similar properties to TFE. Their present rate of pro-
duction 1s only 3-4 gm/day for solids., Lagow believes that they would
obtain only about 0.5 gm/day for liquids with their present lab equip-
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ment. Lagow noted that if the precursor material has double bonds,
fluorine saturation would very probably occur. Thus, if ungaturation
was desired, a reduction step would be necessary. Mr. Lagow was
not certain of the success with such a.reduction. No further action
would be taken until Dr. Margrave was appraised of the situation.

A subsequent telecon with Dr. Margrave elicited the information that
some working arrangement was in process between Rice and Ozark
Mahoning, Tulsa, Oklahoma. Dr. Margrave said that Dr. Wayne
White of Ozark Mahoning should be contacted directly since quantity
requirements for this program far exceed present Rice capabilities.

PENNINSULAR CHEM RESEARCH, INC. (GAINSVILLE, FLA.)11-11-68.

Mr, Lieberman was unable to get into Gainsville due to weather., Dr. E.
C. Stump was contacted to establish a future discussion via telecon and
mail.

NASA MARSHALL SPACE FLIGHT CENTER (HUNTSVILLE, ALA.)
11-12-68- .

The first meeting was held with Dou Kunott of the Astrionics Lab., He is
electrical hardware oriented, has been involved in their past develop-
ment efforts re potting, et al. He said that PRC 1535 and 1538 are ex-
tensively used, with 1538 being the "official’ Astriconics material.

The only exception to the latter being material used per Kennedy Space
Center Spec. 001, "Thin Film Conformal Coating'. He thought that
there was a strong feeling among MSFC designexrs to minimize thick-
ness of coatings (lower mass; hence, less loads during shock and vibra-
tion). He thought that Bill Fussel of Spacecraft, Inc., Huntsville, was
working on space-worthy (?) conformal coatings, particularly for PC
cards requiring ''ruggedization. ™ .

The second meeting was with Dr. James Stuckey, Chf., Composite

* Materials and Coatings Section, Non-Metallic Materials Br., Mate-

rials Div., Propulsion and Vehicle Eng. Lab.; W. Jerry Patterson,
Rubber and Plastics Technology Section, Non-Metallic Materials Br.,
and Dr. Wm. Hill, Polymer Chemistry Section, Non-Metallic Materials
Br. -

The extensive fluorine chemical and - monomer activities which they had
previously contracted to Penninsular and Narmco were reviewed. Dr.
Hill noted that most of the Narmco work dealt with aromatic compounds,
none of which were saturated. Reports on these programs are available;
no further work on them is presently in progress. "Lack of budget"

was given as the reason for cancellation of further work on the following
programs: ’
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“Develop Improved Potting, Encapsulatmg, and Conformal Coatings"
- Monsanto {(NAS-8-20402). Flammability was a consideration, but
was not emphasized.

"Iiquid Prepolymer for Better Low Temp. Properties' - Thiockol
(NAS-8-21197). A one year report is due any day.

These people have also done extensive work with substituted silane-diol
polymers for elevated temp. stability., To date neither elastomeric or
even flexible polymers have been prepared. Mr, Patterson suggested
the triazines. 'Research Study on Development of Conformal Coating
Material and Potting Compound for High Freq. Circuitry" (NAS-8-20375)
was one of their contracts. The final report is available.

The third meeting was with Dr. Nunnelley, Chf., Chemistry Br., Mate-
rials Div., concerning MFSC flammability testing in 100% oxygen.
They have written their own document, MSFGC-Spec-101 (Aug. 20, 1968),
It Flammability Requirements and Test Procedures for Materials In
Gaseous Oxygen Environments.'" The testing for potting and coating
compounds is almost identical to MSC D-NA-0002, Test Method 5.
They expect to shortly issue a report on their flammability results.
C.Frank Key, Special Asst. to Dr. Nunnelley, will be contacted for
the report, They also expect to issue a report on TGA/DTA vs auto-
ignition data, in air and in GOX, within the next six weeks. They are
hoping to depend upon MSC for toxicity and odor data.

Following this meeting, a Mr. Smith in the Thermal Physics Section,
Engineering Physics Br., Materials Div., was contacted re outgassing
data. They are preparlng a designer- orlented icodk book!" for material
selection with respect to outgassing. It is "ATM Material Control for
Contamination Due to Outgassing. ' {ATM: Apollo Telescope Mount pro-
ject.} The document will be periodically updated to insure maximum
.usefulness of the data. Mr. Smith was also queried about the degree of
difficulty in obtaining the 10-4 torr vacuum specified in the Work State-
ment. He felt that it would be quite a problem to maintain such a vacuum
over a specimen without going to an oil diffusion pump.
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NASA GODDARD SPACE FLIGHT CENTER, Greenbelt, Md, -~ 11/13/68
The first meeting was with Dr, H, E, Frankel, Hd., Materials Research
and Development Br., Systems Div., Technology Directorate; A. Fisher,
Hd., Polymer Chemisiry Section, Materials R & D Br.; and Ed Nelson,
Polymer Chemistry Section, An enormous amount of outgassing data has
been obtained over the years by the Polymer Chemistry Section in order

to consider use of materials in deep space for as long as five years., How-
ever, the data is clearly not available in useable form for '"outsiders. '
There are no up~-to-~date published documents covering this area. Several
old ones suggested include:

""Polymers for Spacecraft Applications' - R, F. Muraca and J, S.
Whittick, Stanford Res, Inst., 1967, JPL Contract No. 950745
under NAS 7-100.

"Spacecraft Materials Guidebook' - R. A, Happe, Materials Sec-
tion, JPL.,

"Grumman is also doing outgassing work but they get a magnitude
higher values. Dow-Corning is also active in outgassing studies,
and their data quality is superior to most, "

The Materials R & D Br. does not do toxicity, flamamability, or polymer
development studies. Their outgassing work can be congidered as accel-
erated testing of 200-400 mg, of sample maintained at 10-% to 10-7 torr
for 24 hrs. at 125°C., Qualitative and quantitative data is obtained from
effluent gases and condensables collected on a plate approx, 1 to 2 cm.
away from the heat source. Mr, Nelson claimed that the plate is at
25°C, They almost invariably find hydrocarbons present. The dimethyl
siloxanes, phthalate esters, and Freons are also very often present, It
was suggested that Dr. I. N, Einhorn at Wayne State Univ, be contacted
about his NASA and AF sponsored work to evaluate flammability and ther-
‘mal characteristics of polymers. Dr. Frankel promises to get the data
out in a useful form very shortly.

Next meeting was with Dr, John B. Schutt, Hd., Coating Sect., Thermo-
physics By, , Spacecraft Technology Div., Technology Directorate, and
such members of his staff as F. G, Cunningham, John W, Stuart, and
Walter A, Wappaus., This group has buill up an excellent reputation in
the area of thermal control coatings, primarily based upon inorganic
compounds. I am not certain how they got into the potting picture, but,
nevertheless, they have been semi-active in developing ceramic based
potting compounds. They readily agree that the salt and alkali metal
silicates are not acceptable due to their deleterious effect upon electri-
cal properties, especially with typical levels of humidity, They are also
avoiding such potentially toxic materials as oxychloride cements,
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Their primary suggestion at this time is Lo use calcium alumanate,
either alone, or in conjunction with an elastormer.” The elasltomer could
act as a shock and vibration support, and as a porosaity filler, The pos-
sibility of vacuum impregnation of the elastomer into the aluminate was
suggested., Their electrical testing has shown that the slightest trace
amounts of such alkali metals as sodium or potassium degrades the
calcium aluminate, This has caused them to prepare their own material
from comparatively pure aluminum oxide and calcium oxide, They are
willing to prepare some for Furane to evaluate.

DuPONT, CHESTNUT RUN LABORATORIES, Wilmington, Del, - 11/14/68

A meeting wasg held with Dr. E. P. Lieberman and Al Moran of the
Elastomer Chemacal Department, Elastomers Laboratory. They believe
that Viton 1s DuPont's best recommendation in terms of standard products.
Approximately four to five months ago, Dr. Lieberman discussed Viton
sealants, coatings, and various mechanical goods with personnel from

A, D. Little Co. {(Cambridge, Mass, ). He was !''reasonably sure' that
Little had a contract with NASA, He will check his records for more de-
tails, DTA curves for both Viton polymers and compounds will also be
forthcoming., Toxicity dala is sparse, but HF is clearly a byproduct of
vulcanization, In fact, type and amount of acid acceptor may be a means
to modify cure rate and temperature. They are interested in developing
a non-flammable elastomer, but no funds have been allocated for such
effort, They hope for funds early in 1969, Even if funds were made
immediately available, they would not envisage lab "sam'ples' for at

least two years., A reactive terminal end group program is also not in
operation at this timme. They have requested approval to investigate this
area; approval not received as yet. Time scale from day zmero; approx,
one year for samples, approximalely 1-1/2 years for a commercial
product. {(Note: see section of this report re 3M), They have taken only
a cursory look at feasibility to develop a fluid type Viton. "This would be
quite difficult, requiring redesign of polymer and curative systems. Mar-
ket still too low for DuPont (20,000 lbs. /yr. is recent best estimate),
Dan Supkis of NASA-MSC has tried, (butto date unsuccessfully) to develop
low temperature curatives for Viton flame resistant sealants, ' They
believe that Bill Anspach, AFML-WPAFB, has also worked on Viton
sealants. DuPont has not, to date, considered any Viton curatives other
than amines in their flammability studies. They will provide a list of
other possibilities. They claim to have found that Vitons A, B, and D-30
have similar flame rates in 16.5 psia oxygen. They suggest using Viton
LM as a plasticizer for other Vitons (2,000 cps at 100°C, ), Due to its
low reactivaty, LM is not generally recommended for use by itself, How-
_ever, Dr. Lieberman did cite the following recipe which uses LM alone:
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Ingredients _ gif’arts_by Weight

Part A (Base)

Viton LM 100
Hydral 710 (1) . 40
Maglite Y (2) 10
FS 1265 (1000 centistokes) {3) . 10

Part B {Curing Agent): Stir into Part A’ just prior to use

Tetraethylene pentamine 1
Epon Curing Agent H-1 (4) . 5

Flammability: 100% oxygen at 6.2 psia {in, /sec.)

Uncured ) 0,25
Cured 6 hrs. at 250°F, 0,15
Cured 24 hrs, at 400°F. No ignition

(1) Hydrated Alumina (Alcoa)

(2} Magnesia (Merck & Co.)

{3) Fluorosilicone oil (Dow Corning Corp.)
(4) Ketimine (Shell Chemical Co, }

A hotter -reaction can be obtained with the above recipe by increasing the
amine and decreasing the H-1. For example, if three parts by weight of
the amine is used alone, the sealant has only a three minute pot life at
150°F. An even stronger base (KOH?} would conceivably speed up the
reaction. When such 'hot!" curatives are used, it is essential that they
be added last to the master batch.

Viton A-HV was not considered due to its very high viscosity. It should
be noted that there is a greater plasticizing effect by LM on D-80 than on
A or B, However, the Shore A is reduced by 8-10 points with only 10
parts LM. D-80 is also of interest since an effective cure can be obtained
with compounds other than amines (e.g., hydroquinone) whereas amines
appear best with A or B, Dr, Lieberman did not believe that there would
be any major difference between Viton A/diamine and Viton D-80/hydro-
guinone with respect to flammability in 16 psia oxygen. He thinks R. E,
Daxrling ran such tests, Dr, Lieberman will provide a review of their
flammability work with respect to filler selection. They said that the
lowest viscosgity Vitons were LM, C-10, and A-35, in the ordex of
increasing viscosity.
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Several papers were.zited by Dr, Lieberman with-regard to Viton cure.
mechanism(s). He readily admitted that this Zubject is still one of con~
jecture, The papers were:

"The Chemistry of Vulcanization of Viton A Fluorocarbon
Elastomer' - J. ¥, Smith, Elastomers Chem. Dept., DuPont,
circa 1959,

"The Mechanism of Post Cure of Viton A Fluorocarbon.
Elastomer' .- J, F. Smith, Elastomers Chem. Dept. DuPont;
Rubber and Plastics Age, 1961, 42, No, ‘1, 59,

Fluorochemicals were reviewed with E, C, Coyner, Organic Chemicals
Department, Freon Products Division, There seems to be some question
about future availability of DuPont's line of fluoro alcohols and/or ethers
(E-o0ils). This will be clarified. At present, they are offering hexa-
fluoroacetone, hexafluoroacetone sesquihydrate, hexafluoroisopropanol,
vinyl fluoride, and vinylidene fluoride (data to be sent), Mr. Lieberman
inquired about hexafluoropropylene oxide and was told that it is not for
sale by DuPont; '""All of it is being used internally by the Plastics Dept. "

Bob Ribbans of the Plastics Dept. was next contacted. He reaffirmed
DuPont's position on HFPO, but suggested that someone like Peninsular
Chemical Research might make it {they do). He also agreed that it was
an excellent consideration for a non-flammable epoxy. He also suggested
the following approaches: ’

1. A finely divided FEP (their T-100, obtained from L, N, P, in finely
divided form) added to an E-oil to form a paste, heat to 250-300°F,
A plasticized, non-hydrogen containing material is obtained.

2, T-120 (55% FEP plus water) dispersion or Primer 100 as conformal
coatings.

3, Anhydrous perfluoro acetone plus diphenyl ether (fluorinated ?) to
form a polymeric material, This appears to be spontaneous and
. fast with a base. He believes General Chemical Div, of Allied
recently reported this work.

U, 8. NAVY, NAVAL SHIP ENGINEERING CENTER, Washington, D. C. -
11/15/68

Mr. Lieberman first met with Bill Shetterly who has been active in high
temperature stable polymers. These include the carboranes, carborane
phthaloc_yanine silicones, carborane silicones (Dexsil - Olin Mathieson),
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carborane-xylylenes, etc, He has also been involved with the Bureau of
Ships supported program at Quantum, Inc,, Wallingford', “onn. , which
resulted in a technique that uses graft polymerization to fluorinate the

- surface of elastomers. Recent directives have reduced his emphasis on
high temperature polymers and increased his efforts on non-flammability.
Primary concern is to reduce total quantity of shipboard flammable items;
cost being a significant factor. They are presently considering such
polymers as the phosphorus nitrozines {they may shortly give some con-
tracts in this area)., He alsc supported considerable phosphonitrilic poly-
mexr work at U,. S, Rubber Co. Objectionsito phosphonitriles: glassy type
easier to make than elastomers, high molecular weight hard to get, most
have poor hydrolytic stability, highly crosslinked, generally hard to handle.
In addition, very little physical, mechanical, or toxicity data available. He
believes that Thiokol had a Navy contract (not recently} to develop silicone
carboranes, He isn't specifically pursuing non-flammable elastomers, but
U. 8. Naval Applied Science Lab,, Bwrooklyn, N, Y., may be,

E. A, Bukzin, Non-Metallics, Ships Materials, Structures and Ocean
Technology Br,, who provides technical direction and funds for Mr,
Shetterley's non-flammabillity programs, was then contacted., He is
clearly quite concerned about toxicity and smoke. It is also obvicus that
their program is a long term omne; no immediate usefulness for the MSC
program, In fact, service may flow the other way, Mr, Lieberman also
spoke to B. B. Rosenbaum, Metallics and Energy Conversion Systems,
Ships Materials, concerning elastomers for high pressure oxygen sys-
tems required for fuel cells, and to John Harrison, Head, Fuel Cell Br,,
and his assistant, Robert Bowen. They have a definite interest in the
results of this_ program which may be applicable to theirs,

A conversation with John Kerr, NAVELECT, elicited the fact that he
doesn't use any potting for his conmectors because of potential mainten-
ance and repair problems., He ig interested in conformal coatings. He
would like to be informed of our results, Flammability is not yet an
urgent issue,

GRUMMAN ATRCRAFT, Bethpage, N, Y. - 11/18/68

The meeting was held with Bob Holden, Supv., Materials Labs., and one
of his engineers, Thomas Martins, Non-Metallics. They are only inter-
ested in 6, 0 psia oxygen for LM, Therefore, all their testing is at 6. 0.
They are presently using EC-1663 {3M) for potting, etc., in almost all
systems, with a fj-fiberglass bag over the unit after it is potted. Some
CNR foam is present. The present list of approved materials is avail-
able if O, K, is obtained from LM Program Office, A similar O, K is
required for any other data., No changes are being considered at this



time in the list for remaining LM hardware. Mr. .Holden was not aware
of any Grumman materials R & D re flammability, He éuggested contact-
ing George Young of M, & P, Engineering for additional information,

(Mr. Young was out of the plant on visit date). Mr. Holden strongly feels
that our program should require a 16, 5 psia mixed gas test envivonment
rather than 16.5 psia oxygen if the former will be the actual one used,
Suitable contact will be made for the release of data discussed, but not

provided,



10.

WRIGHT-PATTERSON A. F.B., OHIO - 11/19 & 20/68

First meeting was with Dr. Anthony A. Thomas, Chief, Toxic Hazzards
Division, Aerospace Medical Research Laboratories, and Dr., Shelden London,
Chief Chemical Br., Toxic Hazzards Division. They are conducting work for
Apollo and MOIL.. The work for Apolle is via Dr., E. Harris of NASA-MSC.
Non-metallic cabin materials were, and-are, furnished by him to Dr. Thomas
for outgassing and toxicological evaluations. Monsanto Research Corporation
is carrying out the exposure in'9 liter flasks at 155°F. in 5..0 psia.oxygen.
They analyze the outgassed products with a fnass spectrometer, IR and GLC
They are also doing TGA. (Copies of TGA curves obtained from them appear
to have been run in air.} They are aware of work at White Sands along same
line but not in detail. The toxicological tests are conducted mainly with rats
and mice. (Other animals, including monkeys, dogs and guinea pigs, were
also observed in test chambers, ) Both acute (7 days) and chronic (60 days)
exposures are carried out with material which is heated to 155°F. in a separate
chamber from that of the animals. In order to evaluate synergistic as well as
additive effects, the materials are run in either combined groups- of 10-15 or
100. To date, no problem has been found in any of these toxicologicals tests .
{except an anomolous one a long time ago, in one of the 10-15 group samples.
They have not been able to duplicate its toxicity since). It was not made clear
whether CNR had been involved in any of these tests. Dr, Thomas agrees with
Dr. Harris about non-use of CNR above room temperature. Dr. London did
not seem so sure, Dr. Thomas feels that consideration should actually be giv-
en to 100-180 day missions, He also believes that the "leaky!' cabins, hereto-
fore actually used, intrinsicly provided the best means for decontaminating

the manned volume. Hence, as cabins become more leak-proof, the outgassing
problem will become worse. Dr. Thomas suggested that Dr. Zapp, Haskel
Laboratories, Du Pont, be confacted for data on decomposition products from
TFE, ¥EP, Viton, etc. Dr. Thomas would like to see Dr. Haxrris initiate a
request for a comparalive evaluation of all of these types of halogenated poly-
mers. In genexal, Dr. Thomas feels that Turane should "shoot for a material
which gives good stability at operating temperatures'. In response fto a
guestion about boron-type flame reducing additives, he strongly objects to
anything which would result in boron hydrides; their experience shows that these
compounds range from minimum (pulmanary irritant) to maximum (death)
toxicity.

Some of the perfinent data available from this group can be found in:

"Identification of Volatile Contaminants of Space Cabin Materials'';

J. V. Pustinger, F. N. Hodgson, W. D, Ross; AMRL-TR-66-53;
Aerospace Medical Research Laboratories, Wright-Patterson Air Force
Base, Ohio; 1966.

Uldentification of Volatile Contaminants of Space Cabin Materials'

J. V. Pustinger, F. N. Hodgson; AMRL-TR-67-58; Monsanto Research
Corporation; June, 1967. .
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"Idenftification of Vi latile Contaminants of Spa.ce__Cabin Materials'';
J. V. Pustinger, F. N. Hodgson; AMRL-TR-68-27; Montsanto Research
Corporation; July, 1968,

""Man's Tolerance to Trace Contaminants''; A, A. Thomas, M.D.;
AMRL~TR-67-146; Aerospace Medical Research Laboratories, Wright-
Patterson Air Force Base; January, 1968.

"Proceedings of the Conference on Atmospheric Contamination in Confined
Spaces, 30 Mawrch-- 1 April, 1965"; AMRL-TR-65-230; Aerospace Medical
Research Laboratories, Wright-Patterson Air Force Base.

"Proceedings of the Second Annual Conference on Atmospheric Contamina-~
tion in Counfined Spaces, 4 and 5 May, 1966"; AMRL-~-TR-66-120; Aexrospace
Medical Research Laboratories, Wright-Patterson Air Force Base.

"Proceedings of the Third Annual Conference on Atmospheric Contamina-
tion in Confined Spaces, 9 - 11 May, 1967; AMRL-TR-67-200; Aerospace
Medical Research Laboratories, Wright-Patterson Air Force Base.

The Fourth Conference was held in September, 1968, The proceedings
have not been published.

The next meeting was with Warren Johnson, Chief, Elastomers and Coatings
Br., Non-Metallic Matexrials Division, AFMIL, and the following members of
his staff: Roger Headrick, Chief, Elastomer Group, Wdrren Griffin,

Jerry Sieron, and Tom Graham, In addition, Dr. Cris Tamborski, Polymer
Group, Non-Metallic Materials Division, also participated. It was immediate-
ly stipulated by all the AFMIL personnel that they didn't know of any polymeric
specie which would be elastomeric, noun-toxic, non-flammable in 16.5 psia
oxygen and be applizble at 150°F. or lower. They still felt CNR was present-
ly the best material available for Furane's purpose, even though NASA is
apparently rejecting it, Further, they take this position despite the very
negative report on CNR written by Aerospace Corporation for the MOL Office.

It should be noted that AFML has had considerable experience with CNR; most
of which has dealt with its use as an expulsion bladder for N>O4. Some of their
data can be found in:

"Elastomeric and Compliant Materials for Liquid Rocket Fuel and Oxidizer
Applications'; W, R, Sheehan, N. B. Levine, et al; ML-TDR-64-107, Parts
I - IV; Thiokol Chemical Corporation.

UElastomeric and Compliant Materials f;)r Contact with Liquid Rocket Fuels
and Oxidizers'"; J. Green, N. B. Levine, et al; ASD-TR-61-76, Paxts I -
III; Thiokol Chemical Corporation.



During the past several years, the primary polymer emphasis at AFML has
beén with the triazines, including the fluorinated ones. They have not only
carried out research internally with these compounds but they also have
supported applicable programs at Hooker Chemical, 3M, and the University
of Florida. In general, these compounds are cured with tetraphenyl tin at
320° - 350°F. for 20 hours. However, they admit not really understanding
the cure mechanism. They haven't specifically sought low temperature cure
systems. They do not have much hope of finding a 100% liquid triazine which
can be cured below 150°F, My, Graham suggested that Dr. Ed Dorfman,
Hooker, Grand Island, N. Y., be contacted for further details on triazine
curatives,

Some of the AFML in-house and supported triazine programs were reported
in the following:

"Linear Poly (perfluoroalkylene) triazines“‘; O. R, Pierce, G. A, Grindahl,
et al; AFML-TR-65-78, Parts I - IV, Dow Corning Corporation.

UPerfluoro Triazine Elastomers!; W. R. Griffin; ASD-TDR-62-1114; ‘
Directorate of Materials and Processes, Wright-Patterson Air Force Base;
June, 1963,

"Perfluoroalkylenetriazine Elastomeric Polymers'; E. Dorfman,
W. E. Emerson, et al; ML-TDR-64-249, Parts I - IV; Hooker Chemical
Corporation.

"Crosslinking and Filler Reinforcement of Perfluoroalkylene Triazine
Elastomers'; T, L. Graham; AFML—T_R-{)()-/-}OZ, AFML, Wright-Patterson
Air Force Base; August, 1967, ) }

Both Messrs. Graham and Tamborski believe that Olin reported in the literature
that they had made a perfluoro analog of either a deca borane or Dexsil{carborane-
silicone). Dr. Tamborski was sure that a perfluoro alkyl group on a silicone
‘would be thermally and hydrolyticly unstable.

- Dr. Tamborski has just made some perfluorostyrene. He doesn't have any
available for samples. However, he suggested that Dr. Stanley Koch, Monsanto
Research, Dayton, be contacted for a quote, since they will also be making it for
AFML., He said that Dr, Leo Wall of NBS, Washington, D.C. (Gaithersberg, Md)
has also made some in the past.

Mr. Sieron advised contacting C. S. Joseph, Du Pont Industrial Fabric Sales,
Cincinnati, Ohio, about his recent claims for a compounded Viton, non-flammable
in oxygen. Mpr, Graham said that he and several others in the group have, at
various times, taken cursory looks at developing low viscosity/low temperature
curing Vitons, (generally for fuel resistant sealant applications). Some of their
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resecarch was reported in the following papers:

"New Hydrofluorocarbon High Temperature Integral Fuel Tank Filleting
Sealant'; W. F. Anspach and T. L. Graham; ML-TDR-64-265; AFML,
Wright-Patterson Air Foxce Base; Sept., 1964,

"Hydrofluorocarbon High Temperature Integral Fuel Tank Sealants!'!;
W. F. Anspach; AFML-TR-66-399, AFML, Wright-Patterson Air Force
Base; April, 1967,

Several times betweén 1959 and 1964, they tried to accelerate H F removal
from fluoroelastomers and provide unsaturation in the elastomer by adding
amines or guanidines to solutions of the elastomer. For example, they

tried tetramethyl guanidine alone, and sometimes with a conventional diamine.
Since the TMG is an active base, it may be possible to substitute it for some,
or all, of the more commeonly used MgO. They did not remember being im-
pressed with the results, Some of this work was reported in:

"Mechanism of Cross-Linking in the Vulcanization of New Elastomeric
Polymers'; K. L. Paciorek, R.. G. Spain, et al; WADC-TR-59-129;
Wyandotte Chemicals Corporation; July, 1959,

"Stress Relaxatfion and Curing Mechanism of Fluorinated Elastomers!'';
Dr, N. Luyenlijk; ASD-TDR-63-806; Rubber Research Institute T.N. O.
(Delft, Netherlands); May, 1964,

Mr, Graham also suggested the possibility of reducing the molecular weight

of conventional fluoroelastomers with a KM,O4 treatment. Cure mechanisms
of fluoropolymers are discussed in some detail in:

"Mechanism of Cross-Linking in the Vulcanization of New Elastomeric
Polymers'; K, L. Paciorek, W, G. Lajineos, and B. A. Mexrkl; ASD-TDR-
62-30, Part I; Wyandotte Chemicals Corporation, June, 1962,

""Mechanisms of Cross-Linking Perfluorinated Polymers'; P. Davis and
B. Merkl; ML-TDR-64-305, Parts I {Sept. 1966) and II {June, 1967});
Wyandotte Chemicals Coxporation.

Jack Ross, Chief, Fibrous Materials Br., is one of the two liaison men for
AFML to MOL (Ted Rinehart is the other one). He suggested that Furane obtain
a copy of the AFMOL material criteria and test method document, Number
10010, from the MOL Office at SAMSO, or from George Epstein at the Aero-
space Corporation.

3M, St. Paul, Minnesota - 11/21/68

This meeting was held with Dr. R, Bringer, Chiei, Fluoroelastomexrs Laboratory,

.and Techmcal Manager, Industrial Resins, Chemicals Division. He made it clear
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that he wasn't at liber’y fo discuss any materials or developments not fully
covered by a patent or patent disclosure. 3M has. been working with NASA-
MSC, particularly with the Crew Systems Division. 3M submitted every-
thing they had which could be of interest in the “non-ﬂammability“ search.
The net result of these evaluations was that Fluorel appeared to be best
(even better than non-hydrc;gen contaiming Kel-F elastomex}.

3M apparently has looked into processing and formulation variables which

could improve Fluorel non-ilammability. They screened additives bul were

not impressed with any conventional ones. However; Dr, Bringer claims

that they have come up with something (additive, processing, or?} which

results in a non-flammable (in oxygen) elastomer. Thev.refer to it as

KF-2140 "Special Grade for NASA use'. (The KF-2140 is their standard,
unplasticized, unfilled Fluorel.) They are presently supplying this "special®

to Mosites Rubber Company (Houston) and Raybestos-Manhattan (South Carolina}
in accordance with a private agreerment with both companies. It appears that
both companies are further modifying the ''special’ to suit their own applications.
A NASA Program Apollo Working Paper, Number 1337, '"Non-Flammable
Fluorel Compounds'!, reviews these applications. It also appears that each
3M-2140 "special' batch goes to MSC first, for flammability evaluation, before
being sent to Mosites or R/M. Dr. Bringer will check on whether Furane could
be included in the arrangement if the "special" were used in 1ts NASA Program.

Comparisons between Fluorel and Viton were discussed. The relative re-
activilies of Fluoroelastomer curatives were reviewed. For example, such
typical ones as Diak (Du Pont) Numbers 1, 2, 3, and 4 have decreasing rafes
with increasing number., The diamines are faster and more reliable than the
monoamines, The straight diamines are faster than their carbamates

(e.g. Diak 1l ). If a perfluoroamine were used, it would be somewhat slower
(i.e. lower basicity) than the amine. This might be overcome with more M_O.
Dr. Bringer also feels that the fluorcelastomer curing mechanism(s) is (areg)
not clearly defined. He seems to remember that Bill Anspach (AFML) attempt-
ed to get some reactivity (i.e. unsaturation) in the backbone of Du Pont's C-10
by putfing it info a solufion with an amine and curing it with a2 dimercaptan., He
believes Warren Griffin may also have been involved.

Dr. Bringer then discussed their latest-(11/8/68) public disclosure on Fluorel
developments, It concerned a highly fluorinated (approximately 68% F by
weight, This compares to approximately 63% F for 2140) hydroxyl-terminated
binder resin, L-2344, Although there are 2 hydrogens on the hydroxyl carbon,
in addition to the 2 hydrogens present in the typical repetitive section of the
Fluorel backbone, the total hydrogen is calculated to be only 1. 4% by weight

in 1.-2344, as compared to 2. 0% for 2140. This is because only 65 mole %
vinylidene fluoride 1s present in 1.-2344, whereas 2140 has 80%. This materal
was developed primarily for a high impulse propellant binder system. They are
working closely with Ed Mastrolia, AGC, Sacramento, California. He has been

G-19



12,

using it with CTI {cyclohexane triisocyanate) and PAPI (polymethylene poly-
phenyl isocyanate), Typically, they have beer mixing the ingredients at
elevated temperature, degassing, and curing at 70° - 80°C., The hydroxyl
functionality of 1,-2344 is estimated at approximately 1. 8, Long chain
perfluoro alcohols were foo polar to be useful as a diluent. Some work was
carried out in creating a ~-COOH fterminal group. Dr. Bringer will check
into this. It would be quite acidic due to adjacent fluorine atoms.

Dr, Bringer made several other comments worthy of note:

r

1., L.-2146 flows at 150°F.

2. Kel-TF 800 has less hydrogen than the Fluorels {25 M % vinylidene
fluoride /75% CTFE), but it is only slightly flexible. It can be
cured in similar manner as Fluorel, or with peroxides.

3.. Vinylidenre fluoride increases solubility of the polymer.

4, High surface area silicas {Aerosil, Cabosil) seem to increase
flammability.

5. 3M has not conducted decomposition studies. However, he has been
in contact with an outfit in Cincinnati which apparently is {or was)
doing pyrolysis studies., He will also check with the 3M toxicologist.

6. Samples of KF-2140 "special, 1.-2344, and any Iaboratory samples
of a -COOH terminated Fluorel will be sent A, S, A, P. Conventional
materials are available out of Lios Angeles 3M stock.

Jerry Hartke was zlso contacted re applicable 3M contracts with governmental

agencies. Mr. Hartke is to forward a list conftaining contract number, agency,
description of work, reports, etc.

NASA, AMES RESEARCH CENTER, Moffett Field, California - 11/22/68

Mzr. Lieberman met with Dr. John Parker, Sal Riccitiello, and Carr Neel of
Ames. John Haney of NCR, Dayton, Ohio, one of their contractors was also
present, Their entire program is for the suppression oxr quenching of air-
craft and spacecraft fires, including reentry bodies, They have emphasized
two approaches: (a) polyurethane foams and, (b) inturnescent coatings, They
have utilized (a) halogenated polymers, (b} inorganic salts and, (c) encapsulat-
ed volatile or reactive halogen - containing compounds, all via thermal
activation. To date, they have not been particularly concerned with toxicity,
odors, smoke, or electrical properties. In general, they are mainly interest-
ed in protecting equipment, not men.

I saw several filmms which showed hardware demonstrations of these materials.
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They have developed intumescent, solvent release coatings based upon
P - nitroaniline bisulfate. ' They are presently working on new formulations
which will have lower moisture sensitivity and may be 100% solids.

They have investigated N, P, B, etc. type compounds. Mrzr. Riccitiello was
reticent about revealing masses of data (good and bad results) except to the
extent that they have published. They have no objections to Furane's use of
the sarme materials which they report, including the special micro encapsulat-
ed ones from NCR. ‘

They have a contract with Atlantic Research to "Evaluate Fire Quenching
Materials'. Dominic Cagliostro is the Ames monitor. It was commented
that Atlantic Research has added microencapsulated agents to RTV's for
potting, etc. Someone thought that it may have been for NASA-MSC,

Some of the data has been reported in:

"Preliminary Data from Studies of Fire Retardant Materials”;- G. Goodwin,
NASA, Ames Research Center; Feb. 27-28, 1968. ;

"Development of Polyurethane as. Thermal Protection Systems for Controlling
Fuel Fires in Aircraft Structures'; J. A, Parker, S. R. Riccitiello, et al; ’
NASA, Ames Research Center.

"The Use of a Salt of P -~ Nitroaniline as a Component for Intumescent
Coatings'; J. A, Parker, G. M. Follen, et al; NASA, Ames Research
Center; SAMPE Jnl; August/September, 1968,

More details on many of the above items will be requested from Carr Neel.
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Schematic

TABLE |

LEGEND
{See Figure 2)
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PART NO.

REQ/ASSY.

-10
-11

-12
-13
-Th
~15

-16
-17
-18
-19

K0

]
i
|

TABLE 2
BILL OF MATERIALS

(See Figure 2}

MATERTAL/COMPONENT

Mechanical Vacuum Pump
Stainless Steel

TG Transduéer Gland with
I/C Thermocouple

Temperature Recorder
P/N 14100

No Container

0, Container

Bellows Copper Tubing
with Flange and Pipe

Fittings
S$.S, Bellows with Wire
Overwrap
T-304 Tubing

« Copper Tubing

Valve
Valve
Valve

Valve

Valve
Valve
Valve
Valve

Valve: Brass with
Copper Bellows

H-5

STOCK SIZE

KC-8 (Kinney)
L Liter Flask
MTG-20-AL (Conax)

Mod. 122 (Rust Rak)

1A (hi-pressure)
1A (hi-pressure)

" 1.D, x 3!

2.0" 0D x 20,6" L
3.0" OD x ,083 W x
3h,74 L

/4" diameter, length
as required

Type 11-010-027 (Norgren)
Mod. 40 AE 50 {Moore).

Mod. L0 AE 30 (Moore)

174" Mod. L0O WOG
{Lunkenheimer)

/4% Mod, 180 (Powell}
1/4" RB 493 (Hoke)

2 VST - 22M2 (CVC)
1/4% 4112-MAY (Hoke)
1-1/2" (Veeco)



WRT NO,

REQ/ASSY,

=21
-22
-23
=24
~25
-26

-27

-28
-29
-30
~31
-32

]
2
1

TABLE 2

MATERIAL/COMPONENT

Valve
Gauge: 0-3,000 psi

Gauge: 0-5 psi

. Gauge: 0-5 _psi

Gauge: 0-30 Inches

Gauge: 0-20 psi

12-25 micron bronze
element

Tank Valve

Check Valve

Pressure Switch

Red Flood Light

High Intensity Lamp

Gauge: 0-200 psi

Cable: Automotive
Battery

Ammeter: 150A

Main Ckt. breaker

H-6

{continued)

STOCK SIZE
/74" AL32 (Hoke)

683 (Motometer)
(U,S. Gauge)
(Marshalltown)
(Marshalltown)

FATL5181 (Wallace &
Tiernan)

3545 (Hoke)

(Airco)

‘5308 (Circle Seal)

68000 (Hoke)

100 PAR/P (G.E.)

8034 (Lightotlier)

2 1/2 - 1009 KGS (Ashcroft)

Open Source

(Simpson)

Open Source
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FIGURE 4
VIEW PORT ASSY

e

5.25 R

|

|

~-5.87 R - wi
. ——4.16R ' "
|

I

|

|

|

'{E‘

0_351 —F”O.QJO_’f /ALUM

VITON GASKET-

o1 |7 U6 THK
o0 T4 i}
0.65 : :
S 4 ': s e
Ofg R ! . \—/«vrrom 0" RING |
. T ' [ Q0D 92 1Dx}/4W NOM
. 0.9 —  -0.33 ' '
. —~ 0. PYREX Di{SC
- 237 978 *.030 DIA
O.441 DIA ¥ E/8 THK

(BTYP-45°OFFSET)

CHAMBER FLANGE

113.00
o 12-5-68
H-8 s.L.L. -



FIGURE 5
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NOTE .

A WELD AS REQUIRED

FIGURE ¥
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FIGURE 9
CONNECTOR HOLDER
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VENT ASSY
(BLOCK DIAGRAM)

VENT ///e——-%w14;go'
4
MANXAL :
. VENT VALV E!
m ‘ v | i J
VALVE | |
VAC.
SYS.
L | —
) - ]
! N s e
P/N fLHO ) ‘ . — t é :
' —i i
]: 1
: —5
P/N 11100
HOQOO
SLL
H-15 iL~19~63



FIGURE 12
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- APPENDIX | -

LABORATORY CHECKQOUT & OPERATICNAL PROCEDURE

TITLE ELECTRICAL POTTING AWD COATINGS FLAMIIABILITY TEST

T™ 9-8750- 1 DATE 22 April 1969
PAGE 1 %
GAS PRESSURE (psia) PREPARED BY: & /D57 ,J:I.C‘)“—"t':‘“";%%_
TYPE __ PARTIAL TOTAL _ - g
Air ~14.7 J APPROVED BY: W. J. n@xrnm\J:\u M
- —— ~ 14.7 )
FURANE ¢ C: A, -o%é"é‘x/\

7
j;ﬂf"vifwmﬁ/‘
FURANE S O: Jz Ramsey /’./
ra -
/

~GENERAL SAFETY PRECAUTIONS-
ALIL. PERSONNEL MUST WEIAR SAFETY GLASSES OR COCGLES
AND FACE SHIELDS WHILE IN IMMEDIATE VICINITY OF TEST

CHAMBER DURING TESTING OR PRESSURIZED CHECKOUT.

~WARNING-
SMOKING, MATCHES, OR OPEN FLAMES ARE NOT PERMITTED

IN THE IMIMEDIATE TESTING AEREA.



1.9

1.10
1.11
1.12
1.13
1.14

1.15
1.16
1.17

EQUIPMENT CHECKOUT (Delete if already carried out Wlthln preceed-
ing 4 hours.) (REF: DWG. No. 10010C) ’

Close valves V-3 through+=l4 inclusive, and turn switches sW-1
and SW-2 to OFF (down).

Turn on power at main fuse box in laboratory.

Open vent valve V-9.

Turn vacuum pump switch SW-1 to ON (up).

Fully open gage vacuum valve V-8,

When a constant reading is observed on gage G-7, closce valve V-8.

Turn switch SW-1 to OFF (down).

After one minute, gage G-7 shall not have lost more than 0.019 psi
vacuum (1 gage div. = 0.025 psi). Testing shall not proceed until
any leakage greater than 0.019 psi/min. is reduced to less than or
edqual to this allowable limit. :

Close valve V-9,

Turn switch SW-1 +o ON {up).

Fully open vacuum pump line wvalve V-12.

When a constant reading is observed on gage G-7, close valve V-12.
Turn switch SW-1 to OFF (down).

After one minute, gage G-7 shall not have lost more than 0.019 psi
vacuum. Testing shall not proceed until any leakage greater than

0.019 psi/min. is reduced to less than or equal to this allowable

limit.

Open nitrogen cylinder valve V-11.

Nitrogen cylinder gage G-2 shall indicate not less than 100 psi.

Set nitrogen gage G-4 to read 10 T 0.1 psi by adjusting the
center screw on the nitrogen high pressure regulator V-2.

Set gage G-6 to read 2 T 0.1 psi by adjusting the nitrogen low
pressure regulatoxr vV-4.
~
Open vacuum isolation valve V-7.
Slowlyv open nitrogen low pressure valve V-6.

When the reading on gage G-7 is constant, adjust the pressure to
16.500 * 0.025 psia with regulator V-4,

Close valve V-7.



1.23 After one minute, gage G-7 shall not have logt more than 0.019
psi pressure. Testing shall not proceed until any leakage
greater than 0.019 psi/min. is reduced to less- than or equal
to this allowable 1limit.

1.24 Close walve V-4 so that gage G-6 reads zero.
1.25 Close valve V-6.

1.26 Close wvalve V-11.

1.27 Open valve V—Q.

2.0 TEST

NOTE: UNLESS OTHERWISE STATED, ALL TEST
DATA IS RECORDED ON FORM 9-8750-2A.

2.1 Record gage G-7 pressure on "Vacuum on case" line of Form
9-8750-2 A,

2.2 Prepare test specimen from cured material.

2.2.1 " x k" x 1" wired block (Ref: DWG. No. 20100)

2.2.1.1 Strip 7/8" of insulation from each end of the wire.

2.2.1.2 Put a single clockwise, approximately 5/16" Dia., "U" loop
in one stripped wire end, and a similar one, but counterclock-
wise, at the other end.

2.2.2 Connector (Ref: Test No. 5,MSC-D-NA-0002)

2.3 Open the loading port, insert the specimen, and connect each
wire to the nut/bolt electrical connection on the center of
each Micalex insulator {(Ref: DWG. No., 11500)}.

2.4 Position the block specimen inside the chamber by bending, as

required, 1ts wires so that it can be easily observed in the
view port via the mirror.

2.5 Remove hand from chamber without disturbing the specimen and
close the loading port.

2.6 Close wvalve V-9,

2.7 Turn ON (up) power supply switch SW~2 and adjust the current
on gage G-8 to 55. ¥ 2.5 amperes. If ignition or considerable
degradation is not obtained in one minute, increase the current
by 5 amperes (i.e. from 55 to 60, and 60 to 65, etec.) until
such time as the wire fails or ignition occurs. If the wire
fails, maintain the voltage to the wires until it is positively
established that current does not flow: by bridging insulation

gaps.



2.12

2.14

WARNING: DO NOT TOUCH POWER SUPPLY
TERMINALS OR LEADS DURING
THE REMAINDER OF THE TEST

Observe the test and record data specified on Test Form 9-8750-2A.

When visible specimen degradation nce longer occurs, tuxrn switch
SW-2 to OFF {(down).

Open valve V-11,
Adjust regulator V-4 to 2. ¥ 0.1 psi on gagé G-6.
Open valve V-7
Fully open valve V-6 slowly,.
When gage G~7 reads 16. * 0.5 psia, open valve V-9.
WARNING: TEFLON INSULATION IS USED ON
EVERY TEST FOR NAS 9-8750.
PURGE THE CHAMBER I'OR NOT LESS
THAN THREE MINUTES.
After three minutes, close Valve V-2.
Close valve V-7.
Close valve V—-6.
Adjust regulator V-4 until gage G-6 reads zero.
Turn switch SW-1 to ON (up).
Fully open valve V-12.

When a constant reading is observed on gage G-7, close valve
v-12.

Turn switch SW-1 to OFF {(down).

NOTE: OPEN VALVE V-9 SLOW ENOUGH
TO PREVENT JERKING MOTION
OF GAGE G~7 NEEDLE.

Fully open valve V-9,
Open loading port. Observe and record condition of specimen.

Carefully remove all sample residue from the chamber.

Close the loading port.



2.27 Close valve V-9
2.28 (Close wvalve V~1l.

2.29 Turn off power at main fuse box in laboratory.



- APPENDIX J -

LABORATORY CHECKOUT & OPERATIONAL PROCEDURE

TITLE ELECTRICAL POTTING AND COATINGS FLAMMABILTTY TEST

TM 9-8750~ 2 DATE 22 April 1969
"" — -
PAGE 1 Sg% 6
GAS PRESSURE (psia) PREPARED BY: §. f’jigb?rmaﬁWJQﬂﬁ“”
TYPE PARTIAL TOTAL N SN
oxygen 6.2 APPROVED BY: W. J. Dewas) /v
- - 6.2 1 . W/-
FURANE Q C: A, Ge iy T

ﬁ:’-—r Vi -77 i. B
FURANE S O: J7 Ramsey kil

/ /-

-

~GENERAL SAFETY PRECAUTIONS-
ALL PERSONNEL MUST WEAR SAFETY GLASSES OR GOGGLES
AND FACE SHIELDS WHILE IN IMMEDIATE VICINITY OF TEST

CHAMBER DURING TESTING OR PRESSURIZED CHECKOUT.

~WARNING~
SMOKING, MATCHES, OR OPEN FLAMES ARE NOT PERMITTED

IN THE IMMEDIATE TESTING AREA,

J-i



1.0

1.2
1.3
1,4
1.5

1,6

1.8

1.9
1,10
1.11

1,12

1,13

1,14

1. 16

1,17

EQUIPMENT CHECKOUT (Delete if already carried out
within preceeding 4 hours.} (REF.: DWG. No. 10010C).

Close valves V-3 through -14, inclusive, and turn switches
SW-1 and SW-2 to OFF (down).

Turn on power at main fuse box in laboratory.
Open vent valve V-9,

Turn vacuum pump ;.—;witch SW-1 to ON (up):
Fully open gage vacuum valve V-8,

When a constant reading is obsexrved on gage G-7, close
valve V-8,

Turn switch SW-1 to OFF (down).

After one minute, gage G-7 shall not have lost more than
0.019 psi vacuum (1 gage div. = 0,025 psi). Testing shall
not proceed until any leakage greater than 0. 019 psi/min, is
reduced to less than or equal to this allowable limit,

Close valve V-9,

Turn switch SW-1 to ON (up).

Fully open vacuum pump line valve V-12.

When a constant reading is observed on gage G-7, close
valve V-12,

Turn switch SW-1 to OFF {down).

After one minute, gage G-7 shall not have lost more than
0.019 psi vacuum, Testing shall not proceed until any
leakage greater than 0,019 psi/min. is reduced to less
than or equal to this allowable limit.

Open nitrogen cylinder valve V-11,

Nitrogen cylinder gage G-2 shall indicate not less than 100 psi,

Set nitrogen gage G-4 to read 10 T 0, 1 psi by adjusting the
center screw on the nitrogen high pressure regulator V-2,
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1.18

1,19
1,20

1.21

1,22

1.23

1.241
1.25
1,26
1,27

2.0

2,2
2.2.1
2.2, 1.1

z2.2.1,2

2.2.2

Set gage G-6-to read 2 T 0,1 psi by adJustlng the nitrogen
low pressure regulator V-4, s

Open vacuum isolation valve V-7,
Slowly open nitroéen low pressure valve V-6,

When the reading on gage G-7 is constant, adjust the pressure
to 16,500 * 0. 025 psia with regulator V-4,

-

Close valve V-7,
After one minute, gage G-7 shall not have lost more than
0,019 psi pressure. Testing shall not proceed until any
leakage greater than 0,019 psi/min. is reduced to less than
or equal to this allowable limit,
Close valve V-4 go that gage G-b6 reads zero.
Close valve V-6,
Close valve V-11,
Open valve V-9.
TEST
NOTE: UNLESS OTHERWISE STATED,

ALL TEST DATA IS RECORDED

ON FORM 9-8750-2A.,

Record gage G-7 pressure on "Vacuum on case'' line of
Form 9-8750-24,

Prepare test specimen from cured material,

/4" x 1/4" x 1" wired block (Ref: DWG. No. 20100).

Strip 7/8" of.insulation from each end of the wire,

Put a single clockwise, a.pprox.irnately 5/16' dia. "U" loop in

one stripped wire end, and a similar one, but counterclock-
wise, at the other end,

~ Connector (Ref: Test No..5, MSC-D-NA-0002).
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.10

11

12

.13
. 14

.15

.16

.17

.18

Open the loading port, insert the specimen, and connect
each wire to the nul/bolt electrical connection on the center
of each Micalex insulator (Ref: DWG. No. 11500).

Posgition the block specimen inside the chamber by bending,
as required, its wires so that it can be easily observed in
the view port via the mirror.

Remove hand from chamber without disturbing the specimen
and close the loading-port.

Close valve V-9,
Turn switch SW-1 to ON (up).
Fully open valve V-12.

When a constant reading is observed on gage G-7, close valve
V-12.

Turn switch SW-1 to OFF (down). Record pressure reading
on gage G-7 on Form 9-8750-2 in the box under the word
lyac't,

Open valve V-11,

Gage G-4 should read 10 T 0.1 psi, Adjust center screw of
regulator V-2 until such reading is obtained.

Open oxygen cylinder valve V-10,
Oxygen cylinder gage G-1 shall indicate not less than 100 psi.

Set oxygen gage G-3 to read 5 T 0. 1 psi by adjusting the
cenfer screw on the oxygen high pressure regulator V-1,

Set oxygen gage G-5 to read 2 T 0,1 psi by adjusting the
oxygen low pressure regulator V-3,

Open valve V-7,

Add 6. 200 psia oxygen to the reading recorded in step _2, 10 by

bleeding oxygen with oxygen line pressure valve V-5, into
system so that gage G-7 indicates this total pressure. Record
this pressure on form in top box of "Test Setting'
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2,19

2.20

2.21

2.22

2.23

2.24

2.25

2.26

2. 27

2,28

2.29

Close valve V-5,
Close valve V-T.

Repeat steps 2. 17 through 2. 20, inclusive, until gage G-7
remains within T 0. 019 psi of required test setting for ome
minute., If pressure exceeds the limit value, determine
cause of leak, repair as necessary, and repeat entire
procedure to this point,

NOTE: VENT AND NITROGEN FLUSH
CHAMBER BEFORE CARRYING
OUT REPAIRS,

Turn regulator V-3 counterclockwise until gage G-5 reads
ZeTro.

Soak specimens five minutes for block specimens and ten
minutes for connector specimens.

Turn power supply switch SW-2 to ON (up)} and adjust the
current on gage G-8 to 55, * 2,5 amperes. If ignition or
considerable degradation is not obtained in one minute,
increase the current by 5 amperes (i.e. from 55. to 60.,
and 60. to 65,, etc.) until such time as the wire fails or
ignition occurs. If the wire fails, maintain the voltage
to the wires until it is positively established that current
does not flow by bridging insulation gaps. -

WARNING: DO NOT TOUCH POWER
SUPPLY TERMINAILS OR
LEADS DURING THE
REMAINDER OF THE TEST,

Observe the test and record data specified on Test Form
9-8750-2A,

When visible specimen degradation no longer occurs, turn
switch SW-2 to OFF (down).

Adjust regulator V-4 to 2 T 0,1 psi on gage G-6.
Open valve V-7,

Fully open valve V-6 slowly,
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2.33

2,34

2. 35,

2.40

2.41

2.42

2.43

2,44

2.45

When gage G-7 reads 16. * 0.5 psia, open valve V-9.
WARNING: TEFLON INSULATION IS
USED ON EVERY TEST FOR
NAS_ 9-8750, PURGE THE
CHAMBER FCR NOT LESS
THAN THREE MINUTES.
After three minutes clogse valve V-9,
Close valve V-7,
Close valve V-6,
Adjust regulator V-4 until gage G-6 reads zero,
Turn switch SW-1 to ON {up).
Fully open valve V-12.

When a constant reading is observed on gage G-7, close
valve V-12,

Turn switch SW-1 to OFF (down).
NOTE: OPEN VALVE V-9 STLOW
ENOUGH TO PREVENT
JERKING MOTION OF
GAGE G-7 NEEDLE,
Fully open valve V-9,
Open loading port. Observe and record condition of specimen.
Carefully remove all sample residue from the chamber,
Close the loading port.
Close valve V-9,

Close valves V-10 and V-11.

Turn off power at main fuse box in laboratory,
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- APPENDIX K -

LABORATORY CHECKOUT & CPERATIONAL PROCEDURE

PTITLE ELECTRICAL POTLING AWND COATINGS FLAMMABILITY TEST

™M 89-8750~_ DATE 22 April 1969

PAGE 1 0 7

et -

GAS PRESSURE (psia) PREPARED BY: &. 'B. ;h.,,')e”r’ar’l
TYPE PARTIAL TOTAL N kAN { Yoy
Ooxygen 9.72 w APPROVED BY: W. J. Dewdu) [N

. 16.204
Nitrogen| | 6.48 - N _ AL
= — FURANE Q C: A&%%ﬁr/q%/K\

r(/,’—C/_/f\-:v’w bl
FURANE S O:  J7 Ramsey’ T

7__.__

~GENERAL SAFETY PRECAUTIONS-
ALL PERSONNEL MUST WEAR SAFETY GLASSES OR GOGGLES
AND FACE. SHIELDS WHILE IN IMMEDIATE VICINITY OF TEST

CHAMBER DURING TESTING OR PRESSURIZED CHECKOUT.

~WARNING-
SMOKING, MATCHES, OR OPEN FLAMES ARE NOT PERMITTED

IN THE IMMEDIATE TESTING AREA.
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.10
11

.12

.13

. 14

.15
.16

.17

EQUIPMENT CHECKOUT (Delete if already carried oul
within preceeding 4 hours,) (REE: DWG, No. 10010C).

Close valves V-3 through -14, inclusive, and turn switches
SW-1 and SW-2 to OFF {down).

Turn on power at main fuse box in laboratory
Open vent valve V-9,

Turn vacuu;n pump _switch SW-1 to ON (up):
Fully open gage vacuum valve V-8,

When a constant reading is observed on gage G-7, close
valve V-8,

Turn switch SW-1 to OFF (down).
After one minute, gage G-7 shall not have lost more than
0.019 ps1 vacuum (1 gage div. = 0, 025 psi)., Testing shall
not proceed until any leakage greater than 0.019 psi/min, 1s
reduced to less than or equal to this allowable limit,

Close valve V-9,

Turn switch SW-1 to ON (up).

Fully open vacuum pump line valve V-12,

When a constant reading is observed on gage G-7, close
valve V-12,

Turn switch SW-1 to OFF (down).

After one minute, gage G-7 shall not have lost more than
0.019 psi vacuum. Testing shall not proceed until any
leakage greater than 0.019 psi/min. is reduced to less

than or equal to this allowable limit,

Open nitrogen cylinder valve V-11.

Nitrogen cylinder gage G-2 shall indicate not less than 100 psi.

Set nitrogen gage G-4 to read 10 0, 1 psi by adjusting the
center screw on the mitrogen high pressure regulator V-2,
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1,18 Set gage G-6 to read 2 7 0, 1 psi by adjusting the nitrogen
low pressure regulator V-4, '

1,19 Open vacuum isolation valve V-7,
1,20 Slowly open nitrogen low pressure valve V-6,
1.21 When the reading on gage G-7 is constant, adjust the pressure

to 16, 500 T 0. 025 psia with regulator V-4,

1.22 Close valve V-7.

1,23 After one minute, gage G-7 shall not have lost more than
0.019 psi pressure. Testing shall not proceed until any
leakage greater than 0,019 psi/min, is reduced to less than
or equal to this allowable limit. )

1.24 Close valve V-4 so that gage G-6 reads zero.

1.25 Close valve V-6,

i.26 Close valve V-11.

1.27 Open valve V-9,

2.0 TEST
NOTE: UNLESS OTHEEWISE STATED,

ALL TEST DATA 1S RECORDED
ON FORM 9-8750-2A,

2.1 Record gage G-7 pressure on '"Vacuum on case'' line of
Form 9-8750-2A,

2,2 Prepare test specimen from cured material,

z.2.1 1/4"x 1/4" x 1" wired block (Ref: DWG., No. 20100),

2,2.1,1 Strip 7/8" of insulation from each end of the wire.

2.2.1.2 Put a single clockwise, approximately 5/16" dia. '"U" loop in
one stripped wire end, and a similar one, but counterclock-

wise, ab the other end.

2.2.2 Connector (Ref: Test No. 5, MSC-D-NA-0002).



.10

11

12

. 13

.14

.15

.16

.17

.18

Open the loading port, insert the specimen, and connect
each wire to the nut/bolt electrical connection on the center
of each Micalex insulator (Ref: DWG, No. 11500).

Position the block specimen inside the chamber by bending,
as required, its wires so that it can be easily observed in

the view port via the mirror

Remove hand from chamber without disturbing the specimen
and close the loading port,

Close valve V-9.
Turn gwitch SW-1 to ON (up).
Fully open valve V-12,

When a constant reading is observed on gage G-7, close valve
V12,

Turn switch SW-1 to OFF (down). Record pressure reading
on gage G-7 on Form 9-8750-2A in the box under the word
"yac!, -

Open valve V-11,

Gage G-4 should réad 10 T 0, 1 psi. Adjust center screw of
regulator V-2 until such reading is obtained,

Open oxygen cylinder valve V-10.
Oxygen cylinder gage G-1 shall indicate not less than 100 psi.

Set oxygen gage G-3 to read 5 To.1 psi by adjusting the
center screw on the oxygen high pressure regulator V-1.

Set oxygen gage G-5 to read 2 T 0. 1 psi by adjusting the
oxygen low pressure regulator V-3,

Open valve V-7,

Add 9, 720 psia oxygen to the reading recorded in step 2. 10 by
bleeding oxygen with oxygen line pressure valve V-5, inlo
system so that gage G-7 indicates this total pressure. Record
this pressure on form 1in top box of '"Test Setting' (with "0,
in top box and "N, ' in bottom box, under "GAS" notation).
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2.19
2,20

2.21

2,22

2.23

2,24

2,25

2,26

2.27

2.29

Close valve V-5,
Close valve V-7,

Repeat steps 2. 17 through 2, 20, inclusive, until gage G-7
remains withim t 0,019 psi of required test setting for one
minute, If pressure exceeds the limit value, determine
cause of leak, repair as necessary, and repeat entire
procedure to this point,

NOTE: VENT AND NITROGEN FLUSH
CHAMBER BEFORE CARRYING
OUT REPAIRS.

Turn regulator V-3 counterclockwise until gage G-5 reads
Zero,

Set nitrogen gage G-6 to read 2. T 0.1 psi by adjusting -
regulator V- 4,

Open valve V-7,

Add 6.480 psia nitrogen to reading recorded in step 2. 18 by
bleeding nitrogen into system with valve V-6 so that gage
G-7 indicates this total pressure, Record this total pres-~
sure on form in botftom box of '"Test Setting'l.

Close valve V-6,
Close valve V-~-7.

Repeat steps 2. 24 through 2.27, inclusive, until gage G-7
remains within T 0,019 psi of required test setting for one
minute, If pressure exceeds the limit value, determine
cause of leak, repair as necessary, and repeat entire
procedure fo this point.

NOTE: VENT AND NITROGEN FLUSH
CHAMBER BEFORE CARRYING
OUT REPAIRS,

Turn regulator V-4 counterclockwise until gage G-6 indicates
Zero, )

Soak specimens five minutes for block specimens and ten
minutes for connector specimens,
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2.31

2,42

2,43

Turn power supply switch SW-2 to ON (up).and adjust the
current on gage G-8 to 55. T 2.5 amperes. If ignition or
considerable degradation is not obtained in one minute,
increase the current by 5. amperes (i. e. from 55. to 60.,
60. to 65., etc.) until such time as the wire fails or
ignition occurs. If the wire fails, maintain the voltage

to the wires until it is positively established that current
does not flow by bridging insulation- gaps.

WARNING: . DO NOT TOUCH POWER
SUPPLY TERMINAILS OR

LEADS DURING THE
REMAINDER OF THE TEST,

Observe the test and record data specified on Test Form
9-8750-2A,

When visible specimen degradation no longer occurs, turn
switch SW-2 to OFF (down),

Adjust regulator V-4 to 2 1 0,1 psi on gage G-6,
Open valve V-9,
Open valve V-7,
Fully open valve V-6 slowly.
WARNING: TEFLON INSULATION IS
USED ON EVERY TEST FOR
NAS 9-8750. PURGE THE
CHAMEBER FOR NOT LESS
THAN THREE MINUTES,
After three minutes close valve V-9,

Close valve V-7,

Close wvalve V-6,

Adjust regulator V-4 until gage G-6 reads zero.

Turn switch SW-1 to ON (ﬁp).

Fully open valve V-12,
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2.44

2.45

2.46
2.47

2,48

2,49

2.50

When a constant reading is observed on g_a_,ge G-7, close
valve V-12, ' ‘ ) '

Turn switch SW-1 to OFF (down).
NOTE: OPEN VALVE V-9 SLOW
ENOUCGH TO PREVENT
JERKH\TQ MOTION OF
GAGE G-7 NEEDLE,
Fully open— valve V-9.
Open loading port, Observe and record condition of specimen,
Carefully remove all sample residue from the chambez,
Close the loading port.
Close valve V-9.

Cloge valves V-10 and V-11.

Turn off power at main fuse box in laboratory.



~ APPENDIX L -

LABORATORY CHECKOUT & OPERATIONAL PROCEDURE

TITLE ELECTRICAT, POTmING AND COATINGS  FLAMIARILITY TEST

™ 9--8750- . ) DATE 22 April 19569
FAGE 1 Q%%%g
P Vo )
cAS PRESSURE (psia) PREPARED BY: :eﬁ%rmﬁnﬁ*Q“”*“
TYPE PARTIAL TOTAL N
Oxygen 16.5 16.5 APPROVED BY: w. J Dega }ﬂ\w
- — FURANE O Cf A. Caorce)//&\%“"
(Leest A s
FURANE S O: JT/gamseV /f;/v/-
/

- ~GENERAL SAFETY PRECAUTIONS-—
ALL PERSONNEL MUST WEAR SATETY GLASSES OR.GOGGLES
AND FACE SHIELDS WHILE IN TMMEDIATE VICINITY OF TEST

CHAMBER DURING TESTING OR PRESSURIZED CHECKOUT.

~WARNING-
SMOKING, MATCHES, OR OPEN FLAMES ARE NOT PERMITTED

IN THE IMMEDIATE TESTING AREA.



1.0 EQUIPMENT CHECKOUT {Delete if alread—y carried out
within preceeding 4 hours. ) (REF,: DWG. No. 10010C}.

1.1 Close valves V-3 through -14, inclusive, and turn switches
SW-1 and SW-2 to OFF (down).

1,2 Turn on power at main fuse box in laboratory.

1.3 Open vent valve V-9.

1.4 Turn vz;,cuun.a pump s;aritch SW-1 to ON (up).

1.5 Fully open gage vacuum valve V-8.

1.6 When a constant reading is observed on gage G-7, close
valve V-8,

1.7 \ Turn switch SW-1 to OFF (down).

1.8 After one minute, gage G-7 shall not have lost more than

0.019 psi vacoum (1l gage div, = 0,025 psi). Testing shall
not proceed until any leakage greater than 0. 019 psi/min. is
reduced to less than or equal to this allowable limit,

1.9 Close valve V-9.

1,10 Turn switch SW-1 to ON {(up).

1,11 Fully open vacuum purnp line valve V-12,
1,12 When a constant reading is observed on gage G-7, close
valve V-12,

1,13 Turn switch SW-1 to OFF (down).

1,14 After one minute, gage G-7 shall not have lost more than
0.019 psi vacuum, Testing shall not proceed until any
leakage greater than 0. 019 psi/min, is reduced to less
than or equal to this allowable limit,

1,15 Open nitrogen cylinder valve V-11,

1,16 Nitrogen cylinder gage G-2 shall indicate not less than 100 psi,

1.17 Set nitrogen gage G-4 to vead 10 to.1 psi by adjusting the
center screw on the nitrogen high pressure regulator V-2,
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1,18 Set gage G-6 to read 2 T 0. 1 psi by adjusting the nitrogen
low pressure regulator V-4, ; )

1.19 Open vacuum isolation valve V-7,
1,20 Slowly open nitrogen low pressure valve V-6.
1,21 When the reading on gage G-7 is constant, adjust the pressure

to 16,500 T 0.025 psia with regulator V-4,

1,22 Close va,lv;a V-1,

1.23 After one minute, g'age G-7 shall not have lost more than
0.019 psi pressure, Testing shall not proceed until any
leakage greater than 0.019 psi/min, is reduced fo less than
or equal to this allowable limit,

1.24 Close valve V-4 so that gage G-6 reads zero.

1,25 Close valve V-6.

1.26 Close valve V-11,

1.27 Open valve V-9,

2.0 TEST
NOTE: UNILESS CTHERWISE STATED,

ALL TEST DATA IS RECORDED
ON FORM 9-8750-2A.

2.1 Record gage G-7 pressure on ""Vacuum on case'’ line of
Form 9-8750-2A,

2,2 Prepare‘test specimen from cured material.

2.2.1 1/4"x 1/4" x 1" wired block {Ref; DWG. No. 20100).

2.2.1.1 Strip 7/8" of insulation from each end of the wire,

2.2.1.2 Put a single clockwise, approximately 5/16'" dia, '""U" loop in
one stripped wire end, and a similar one, but counterclock-

wise, ab the other end,

2.2.2 Connector (Ref; Test No., .5, MSC-D-NA-0002}.



.10

.11

12

.13
. 14

.15

.16

17

Open the load.ng port, insert the specimen, and connect
each wire to the mut/bolt electrical connection on the center
of each Micalex insulator (Ref, DWG. No. 11500),

Position the block specimen inside the chamber by bending,
as required, its wires so that it can be easily observed in
the view port via the mirror.

Remove hand from chamber without disturbing the specimen
and close the loading port. -

Close valve V-9,
Turn switch SW-1 to ON ({(up).
Fully open valve V-12,

When a constant reading is observed on gage G-7, close valve

V-l2.

Turn switch SW-1 to OFF (down). Record pressure reading
on gage G-7 on Form 9-8750-2A in the box under the word
"Va.C”.

QOpen valve V-11],

-

Gage G-6 should read 10 T 0,1 pei, Adjust center screw of
regulator V-2 until such reading is obtained,

Open oxygen cylinder valve V-10,
Oxygen cylinder gage G-1 shall indicate not less than 100 psi.

Set oxygen gage G-3 to read 5 to.1 psi by adjusting the
center screw on the oxygen high pressure regulator V-1,

Set oxygen gage G-5 to read 2 T 0.1 psi by adjusting the
oxXygen low pressure regulator V-3,

Open valve V-7,

NOTE: OPEN VALVE V-5 SLOW
ENOUGH TO PREVENT
JERKING MOTION OF
GAGE G-7 NEEDLE.



2.18
2,19

2,20

2.22

2.26

2.28

2,29

Fully open oxygen line pressuré valve V-5,
Allow pressure reading on gage G-7 to stabilize.

Adjust regulator V-3 so that gage G-7 indicates a pressure
equal to the sum of 16.500 T 0.019 psia and thé pressure
recorded in step 2. 10,

Close valve V-7,

- -

Reopen valve V-7 if gage G-~7 pressure reading decreased
movre than 0,019 psia/min. until required pressure is

‘obtained,

Close valve V-7,

Repeat steps 2. 22 and 2, 23 until pressure remains stable
within the required limits.

If it is not possible to stabilize the pressure, delermine
cause of leak, repair as necessary, and repeat enfire
procedure to this point.

NOTE: VENT AND NITROGEN FLUSH
CHAMBER BEFORE CARRYING
OUT REPAIRS,

Turn regulator V-3 counterclockwise until gage G-5 reads
ZEeYro,

Close valve V-5,

Soak specimens five minutes for block specimens and ten
minutes for connecior specimens,

Turn power supply switch SW-2 to ON {up) and adjust the
current on gage G-8 to 55. T 2.5 amperes. If ignition or
considerable degradation is not obtained in one minute,
increase the current by 5 amperes (i.e., from 55. to 60.,
and 60. to 65., etc.) until such time as the wire fails or
ignition occurs, If the wire fails, maintain the voltage
to the wires until it is positively established that current
does not flow by bridging insulation gaps.

WARNING: DO NOT TOUCH POWER
SUPPLY TERMINALS OR
LEADS DURING THE
REMAINDER OF THE TEST.
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2,31

2. 36

2. 38
2.39

2.40

2.43

2.44

Observe the v2st and record data specified on Test Form
9-8750-2A. . T

When visible specimen degradation no longer occurs, turn
switch SW-2 to OFF (down}.

Adjust regulator V-4 to 2 T 0. 1 psi on gage G-6.

Open valve V-9,

Open Valve V-7.

Fuliy open valve V-6 slowly.

WARNING!: TEFLON INSULATION IS
USED ON EVERY TEST FOR
NAS 9-8750, PURGE THE
CHAMBER FOR NOT LESS
THAN THREE MINUTES,

After three minutes close valve V-9.

Close valve V-7,

Close valve V-6,

Adjust regulator V-4 until gage G-6 reads zero.

Turn switch SW-1 to ON (up).

Fully open valve V-12,

When a constant reading is observed on gage G-7, close
valve V-12,

Turn switch SW-1 to OFF (down).
NOTE: OPEN VALVE V-9 SLOW
ENOUGH TO PREVENT
JERKING MOTION OF
GAGE G-7 NEEDLE,
Fully open valve V-9,

Open loading port, Ubserve and record condition of specimen.
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Carefully remove all sample residue from the chamber.
Close the loading poxrt.
Close valve V-9,

Close valves V-10 and V-11.

Turn off power at miain fuse box in laboratory.



APPENDI X
- M -

FLAMMABILITY
 TEST FACILITY
~DISTRIBUTION SYSTEM-

(1

(1) Ref: Appendices |, J, K, and L of this report
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PRELIMINARY FLAMMABILITY
-TEST COND{TIONS/RESULTS-
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-

PRELIMINARY FLAMMABILITY -
~TEST CONDITIONS/RESULTS-

Specimen No,: - Dafe: Te;sf Engr:
TEST CONDITIONS
1. Pressure: Gate (W&T) - Vacuum on case: psia

- Atmos:  psia (source:
- Chamber (psia) 1 test
- Gas Vac. setting actual
_ I il I |
2. Voltage: V. Current: amps,
3. Comments:
TEST RESULTS .
1. TEST DATA: Pressure (chamber), Peck: 1 psia
Net Increase: psia
Wire Ignition: top bottom
Wire Failure: top bottom
Smoke: none some profuse
Burn Time: start flame-out glow-out
t = 0 ! sec.
A = 0 sec.
2. Comments:
3. Specimen Posi-Test Appearance
3.1 Maintained General Configuration:  Yes 1 No
3.2 Residue in Original Configuration: %

3.3 Melted:  Yes No
3.4 Color; Exterior:
- Interior:
3.5 Texiure; Powdery: Yes No
Crusty: Yes No

N-2



4. Commenfs:

Form 9-8750-2A
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NOTES:
1. Mount 8 Binding Posts with stud facing I}(:f . Align and center 3/32 hole in

binding post with [¥] and . 032 hole in~4,

2. 1,240 approx.; size to {it.

3. Drill for 3/16-NC
4, Drill for 1/4- NC
b

close fit.

close fit.

5. Assemble with-9 through ~15,6 as required.
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BILL OF MATERIALS:

TABL

E 1

Part Req/

No. Assy. Material Stock Size

1 2 6061-T6 Angle - 1-1/2x1-1/4x1/8

2 PA Alum., 1=1/2 %x.1-3/4x 3/4

3 2 TFE Teflon 1-1/2x1-3/4 x1/4

4 2 TFE Teflon 1-3/16 x 1-3/4 x 1/4

5 4 TFE Teflon 1x1-3/4 x 1/4

6 3. Stainless Steel 1x1-1/2x.055

7 As req. Tape, TF I, Press. Sens.

Adh. 1 side 1** Wide x . 012 Thick

8 8 Binding Post 33-286 (G.C. Elect.)

9 1 S.S. or CRES Bolt 1/4-20 NC (Last in.) x 4

10 1 5.5. or CRES Bolt 3/16-20 NC (Last in, ) x 4 ,
11 2 S.S8. or CRES Bolt 1/4-20 NC {Last 3/4 in.) x 2-1/2
12 6 S.5. or CRES Washer 1/4x1/2x 1/16

13 2 5.5. or CIRES Washer 3/16 x1/2x1/16

14 3 S.5. or CRES Nut, Locking 1/4-20 NC

15 1 S.S8. or CRES Nut, Locking 3/16-20 NC





