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NOTICES

When Government drawings, specifications, or other data are
used for any purpose 2ther than in connection with a definitely
related Government procurement operation, the United States
Goevernment would thereby encourage no responsibility nor any
obligation whatsoever; and the fact that the Government may
have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, 1s not to be re-
garded by any implication otherwise as in any manner licensing
the holder for any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any
patented inventions that may in any way be related thereto.

This document 1s subJect to specilal export controls and each
transmittal to foreign governments or foraign nationals may

be made only with prior approval of the Air Force Materials
Laboratory (MAAE) Wright-Patterson Air Force Base, Ohio 45433,

The distribution of this report i1s limited because it relates to

vulnerability of aircraft to ground fire.

Coples of this report should not be returned uniess return 1is
required by security considerations, contractual obligations,
or notice on a specific document.
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FOREWORD

This report covers work done by Monsanto Research Corporation,
Dayton Laboratory, Dayton, Ohio, under Contract F33615-67-C-1716,
from 1 July 1968 to 30 September 1969. This research was initi-
ated under Project No. 7381 "Materials Applications", Task No.
738108 "Application of Materials and Processes for Limited War
Support". ,
The program was administered nnder the direction of the Alr Porce
Materials Laboratory with E. J. Morrisey as Project Engineer.

For Monsanto Research Corporation, G. L. Ball III served as
Project Leader in the Polymer Applications Section under I. O.
Salyer, Manager. The Principal Investigator on the project was
Mr. A. Wojtowicz, who was assisted by Mr. R. D. Myers.

The contractor's report number is MRC DA 239.
The report was submitted by the authors in November 1969.

This technical report has been reviewed and is approved.
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ALBERT OLEVI1CH, Chief
Materials Engineering Branch
Materials Support Division

Alr Force Materials Laboratory

i1

-t e P B G B AP f Wone s 7




nt

ABSTRACT

A program was conducted for investigation of materials to
provide improved thermal resistance inan aviation fuel en-
vironment. It was desirable that the compositions obtained
be similar to a 10'-pore-per-inch reticulated urethane foam
used in a fire and explosion suppressant application.

Toward providing polymeric structures with improved thermal
resistance, four classes of materials were investigated. These
were coated foams, uncoated foams, filled thermoplastics, and
unfilled thermoplastics. Specific materials were selected and
evaluated for their retention of mechanical performance as a
function of time following exposure to JP-5 fuel at elevated
temperatures.

The most promising materials obtained in the program consisted
of a polyester filber mat and a low-density, open-celled polyimide
foam. Both of these materials exhibited excellent retention of
mechanical strength and modulus for 10 week exposure periods

in JP-5 fuel at 325°F.

Poams coated with nylon 11, thermoplastic polyimide, and polymer
380 all exhibited some improvement in mechanical performance

over their substrate reticulated urethane foam. However, none
of these materlals proved even partially adequate for the reflux-
ing JP=-5 fuel environment.

Of the thermoplastics investigated, the nylon 66, polyimide, and
polymer 360 all exhibited a substantial retention of mechanical
properties in the hyperthermal fuel environment. Of importance
was the inclusion of glass fillers, which provided geometrical
integrity to the thermoplastic while at the elevated temperatures.

In order to establish some utility for the coated urethane foams
the mechanical properties of a series of foams were evaluated

at temperatures less than 325°F and greater than amblent and

a useful temperature of 200°F was established,

(This document is subject to special export controls and each trans-
mittal to foreign governments or forelgn nationals may be made only
with prior approval of the Air Force Materials Laboratory (MAAE),
Wright-Patterson Air Force Base, Ohio 45433).
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SECTION I
INTRODUCTION

The feasibility of utilizing reticulated urethane foam and perfo-
rated hollow spheres.as fire and explosion suppressant materials

in aircraft fuel tanks has been demonstrated by the U. S. Alr
Force. While the performance of a .l0-pore-per-inch reticulated
urethane foam was excellent, the efficacy of the perforated hollow
spheres was shown to be considerably less.

The reticulated urethane foam had been extensively investizated
and 1ts applicability in aircraft fuel systems over the temper-
ature range from =65 to +165°F was established. The foam was
and 1s being used by the U. S. Air Force in aircraft fuel tanks
for fire and explosion suppression.

Flight temperature profiles exceeding +165°F existed. Therefore,
the Alr Force developed a requirement for a similar foam system
that would be usable and stable at temperatures up to 325°F in
Jet fuel. The approaches suggested were to provide the temper-
ature resistance through the addition of coatings to the retic-
ulated urethane foam system or to provide high temperature foam
systems per se. The effectiveness of the coated urethane was
contigent upon the lack of effect of the degradation products

of the urethane at 325°F on the coated structure.

Since 1t was possible that the coated urethanes could retain their
mechanical performance at temperatures greater than that of the
uncoated urethane but somewhat below the 325°F temperature, they
were also evaluated on a selective basis at 200°-and 250°F.

It has been shown that the hollow perforated spheres which had
some limited utility in the fire and explosion suppressant appli-
cations could be formed by injection molding followed by heat
sealing. Therefore, thermoplastic materials that could be injec-
tion molded and also provide the thermal resistance in the fuel
environment were investigated. It was only during the performance
of this program that the limited utility of the hollow perforated
spheres was established and therefore full effort was abandonéd.

Accordingly the program involved the preparation of various

coated and uncoated foams, and filled and unfilled thermoplastiecs
in the form of compression and tensile test specimens; exposure

to the various thermal environments 1n JP-5 fuel; followed by
mechanical testing of the specimens at specific times or after

a glven number of cycles. Thermal gravimetric analysis was also
conducted on the coated foams in order to demonstrate the effect
of the various coatings on the thermal performance of the urethane.
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SECTION II
SUMMARY AND CONCLUSIONS

The materials investigated for potential stability in a
hyperthermal fuel environment fell into four primary cate-
gories. These were:

- Cogted foams,

= Uncoated foams,

= Filled thermoplastics, and
= Unfllled thermoplastics.

The materials were subjected to an environmental exposure of
complete immersion in JP=-5 fuel at elevated temperatures. Two
different thermal profiles were used. They comprised Phase 1,

a more severe screening test, and Phase 2, a representative long-
term exposure. Phase 1 exposure consisted of a continued sub-
mersion at 325°F for seven-day periods. Phase 2 consisted of
representative flight temperature profiles from ambient up to
325°F. The Phase 2 profile included stepped temperature incre-
ments over test perlods consisting of seven days, of which five
were used to obtain 10 thermal cycles. Resistance to the
exposure was Jjudged by the retention of mechanical stress-strain
characteristics.

The coated foams all had a substrate of the Scott Paper Company
10=-pore-per~inch reticulated urethane foam. The coatings in-
cluded Nylon 11, a thermoplastic polyimide, and polymer 380,
which were all applied by Scott Paper Company.

The uncoated foams investigated included the l0-pore~per-inch
reticulated urethane, a polyester fiber mat and two types of poly-
imides.

The filled thermoplastics, all incorporating glass fibers, con-
sisted of two nylon 66 products, a polyester, polychlorotrifluoro-
ethylene, polyvinylidene=-chloride, polycarbonate, and polytetra-
fluoroethylene.

The unfilled thermoplastics investigated included a thermoplastic
polyimide, polymer 360, polysulfone, polyphenylene oxide, and
nylon 66.

The uncoated foams, except the urethanes, by far outperformed the other
materials and exhibited retention of mechanical properties for periods
of 10 weeks both after continuous exposure in JP-5 fuel at 325°F and
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thermal cyclic Phase 2 exposure. The best uncoated foams were
the polyimide and the polyester fiber foams, The uncoated re-
ticulated urethane by itself did not perform well and was de-
graded to less than one=half its original strength within one
day. Modified exposure tests, however, indicated that the re-
ticulated urethane would be useful at temperatures up to 200°F.

The coated urethane foams all exhibited insufficient retention
of properties on exposure to JP=5 fuel at elevated temperatures
to warrant their further consideratlon. In additon to this

lack of retention of mechanical properties, the coated urethanes
alsc had higher initial moduli than the original reticulated
urethane foam.

Both filled and unfilled thermoplastics were investigated. The
primary advantage of filling was to provide geometrical integrity
during the exposure of the various materials. However, no added
thermal stability was anticirated. Those materilials which exhibited
the best retention of mechanical properties upon exposure to JP=-5
fuel at 325°F were polyimide, polymer 360, glass-filled nylon,

and glass-fllled polytetrafluoroethylene.

The most promising of all the materials were the polylmide and
polyester fiber foams, which are shown in Figure 1 as they were
initlally and after exposure to JP-5 fuel at 325°F.

An lnadvertent burning of the polyimide foams demonstrated that -
they were stable to much higher temperatures than 325°F for a

short time. They were converted to carbon-llke foams with reasonable

structural integrity in the presence of burning fuel. While the exact
temperatures were not known, the pyrex glass cylinder in which these

specimens were contalned was melted.

One additional advantage of both the polyimide foam and the
polyester filber foam was that thelr modulus characteristics were
in the range of the original reticulated urethane foam. It was
anticipated, therefore, that they would have a reasonable chance
of functioning as a fire and explosive surpressant void filler
in the fuel tanks of aircraft.

Thermal gravimetric analysls of the foams coated with the various L
materials indicated an improved retention of welght as a function -
of temperature up to 1000°C. The materials in the order of added

thermal resistance were: Nylon 11, polyimide, and polymer 380.

The polyimide and polyester fiber foams, however, retained their

welght and integrity at temperatures well beyond the coated

reticulated urethanes. The polyimide foam also exceeded the

polyester fiber foam in thermal performance.
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SECTION III
EXPERIMENTAL DISCUSSION

The experimental discussion is quite straight~-forward since the
program consisted of selecting, obtaining, or preparing; thermal
exposure; and mechanical testing of various materials., The dis-
cussion 1s subdivided into the exposure an. testing techniques,
thermal-resistant foams, and thermal-resistant thermoplastics.

1. EXPOSURE AND TESTING TECHNIQUES

The exposures used all involved the complete submersion of test
specimens in JP-5 fuel at various elevated temperatures., The

two types of exposures were referred to as Phase 1 type and
Phase 2 type. The Phase 1 type consisted of isothermal exposures
at specific temperatures and the Phase 2 type of thermal cyclic
exposure. The testing techniques involved mechanical evaluation,
subjectlve evaluations based on observations, and thermal gravi-
metric analysis.

a. Phase 1 (Continuous) Exposure

Phase 1 exposure consisted of a continuous and complete immersion
of the test specimen in JP-5 fuel refluxing at 325°F. To a limited
extent, a modified Phase 1 exposure was included which incorporated
temperatures of 200 and 250°F,.

The exposure was conducted in glass flasks with condensers to re-
tain as much of the refluxing fuel as possible. The flask and
the JP=5 fuel were heated by immersion of the flask in an oil
bath maintained at the desired temperature. A photograph of this
setup 1s shown. in Figure 2.

The Phase 1 cycle was a continuous exposure over a seven-day week at
the specified temperature.

b. Phase 2 (Thermal cyeclic) Exposure

Phase 2 exposure was set up to simulate a flight temperature pro-
file in JP=-5 fuel. The exposure was conducted in a manner identi-
cal to the Phase 1 exposure with the exception that the specimen-
filled flasks were transferred in their entirety to the various

temperature oil baths for specific periods of time (see Figure 2).
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The test cycle was set up to provide a temperature profile which
represented two flights per day (or cycles), and an overnight expos-
ure at ambient. The particular exposure conditions were:

(a) 30 minutes at 150°F

(b) 20 minutes at 250°F

(¢c) 10 minutes at 325°F

(d) 20 minutes at 250°F

(e) 30 minutes at 150°F

(f) 130 minutes at 75°F

(g) repeat (a) through (f)

(h) 18 hours at 75°F
The sequence of (a) through (h) was considered to be two cycles
(see Figure 3) and was repeated on a five-day week bas!s. Thus a
total 10 cycles per week were accumulated. The specimens were

removed at intervals of 10 cycles exposure for their physical
property characterization (new specimens each time).

c. Physical Testing Technigues

The physical testing of the materials investigated involved mechan-
ical stress-strain, visual (photographics), and thermal gravimetric
analysis. All mechanical testing was conducted at TU°F (23°C)

and 50% RH., Materials under test are shown in Figure 4.

The foam materials were tested using 2 x 2 x 1 in. specimens
according to ASTM Method D1621 at a crosshead speed of 0.1 in./min.
The load deflection curves were recorded and are reported. The
failed specimens were photographed.

For the thermoplastic materials, tenslle testing was conducted
using dog-bone type speciméns in ASTM Method D638 at a cross-
head rate of 0.05 in./min. The load compression curves were
recorded and the specimens photographed.

The thermal gravimetric analyslis was conducted in an American
Instrument Company TGA apparatus using approximately 200 milli-
grams of unbroken specimen. Measurements were conducted 1in both
air and helium, at a heating rate of approximately 5°F/min
(3°C/min) from ambient to 1832°F (1000°C) (or until all weight
was lost). A continuous recording of welght as a function of
temperature was made and is reported.




Once the specimens were tested, they were not reused for any purpose.

2 THE =-RESISTANT FOAMS

Both coated and uncoated foams were evaluated on their ability
to retain their mechanical properties upcn exposure to Phase 1
and Phase 2 type environmental exposure.

The coated foams all consisted of the 1l0-pore per inch reticulated
urethane foam coated with various high-temperature polymers. These
polymers included nylon 11, polyimide, and polymer 380. The uncoated
foams consisted of the l0-pore-per-inch retizulated urethane foams
(as a reference), a polyester fiber foam, and polyimide foams.

Since it was most important for the fuel tank application, all foams
investigated were quite porous ard for the most part had large open
cells.

Of significance to the coated urethane foams was the fact that their
modulil were orders of magnitude greater than the original reticu-
lated urethane. This 1s 1llustrated in Figure 5. In fact, while
the original reticulated urethane foams would be considered flexi-
ble, the cocated urethane would be considered rigld. The materials,
therefore, would not be able to sustain any significant amount of
deflection, followed by recovery. While not proven, doubt would
have been placed as to whether the rigidized foam would perform

any where near as well as the uncoated foam as a fire and explosion
suppressant material.

The coated foams were all much more friable than the original ure-
thane. The edges, therefore, could be readily broken causing the
production of small pleces of material in the fuel tank.

The polyester fiber and the cured polyimide foams both exhibited a
modulus near the range of the original l0-pore-per-inch reticulated
urethane, It was felt that this was quite advantageous, since it
would not preclude their utility as a fire and explosion suppressant
material, while providing integrity at the elevated temperatures in
the fuel environment.

a. Coated Foams

The concept behind the coated foams was to provide a thermally-
resistant polymer to the surface of the urethane foam structure,
which would partially protect and as a minimum maintain its
structural integrity upon expecsure to JF-5 fuel at elevated
temperatures.
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These foams were all prepared by the Scott Paper Company by
undisclosed methods, which provided for approximately 100 weight
percent of application (based on the urethane substrate) of each
of the various high-temperature materials. The samples prepared
consisted of urethane foams coated, respectively with a single
dip of nylon 11, a double dip of nylon 11, American Cyanimid's
8692-192A polyimide, and 3M's polymer 380. It had originally
been anticipated that nylon 66 would be investigated; however,
Scott was unable to prepare a suitable sample. The results of
the exposure of these coated foams under Phase 1 conditions are
shown in Figures 6, 7, 8, and 9. As 1s readily shown, the mech-
anical performance of these foams degraded rapidly and for the
most part integrity was sustained for no more than one week. The
decomposition of these foams is also 1llustrated by the photographs
in Pigure 10.

Since the above mentioned coated foams did not perform well when
subjected to Phase 1 exposure at 325°F, a determination of the
limits up to which these foams may be useful was attempted.
Therefore, Phase Z type isothermal exposure at both 200 and 250°F
was conducted. This modiflied exposure was conducted on the nylen 11
and polyimide~coated urethanes and the results are shown in Figures
11, 12, 13, and 14. A summary of these data showing mechanical
performances as a function of both time and temperature are shown
in Pigur2s 15 and 16 for the nylon il and polyimide-coated urethane.

Since the nylon ll-coated urethane sustained the least degradation
of any of the coated foams upon exposure to Phase 1 testing, it
was investigated under Phse 2 exposur2a. The results of this

Phase 2 exposure on the mechanical properties of this material

are shown in Figure 17 and are summarized in Figure 18.

Some improvement in the performance of the coated foam was shown,
as would have been expected, due to the less severe Phase 2 thermal
exposure. It was desirable that the coated foam hold up for a
period of at least 100 cycles. This condition, however, was not
met and the coated foam could not qualify for the desired
application.

In order to demonstrate the welght-loss characteristics as a
function of temperature, all the coated foams were treated by
thermogravimetric analysis, as described in section III.l.c.
Each speclimen was run individually 1in both air and helium atmos-
pheres. The results of these analyses are shown in Figures 19
and 20.
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What is demonstrated in these thermal analysis curves is the
original degradation of the urethane at approximately 250°C
followed by the decomposition of the various coatings at the
higher temperatures relating to their thermal integrity. The
1mprovement in retention of weight due to the addition of the
various coatings is shown which 1s significant within the S-hour
time frame of the test.

b. Uncoated Foams

In this portion of the program we investigated various uncoated
foams, which included the 1l0-pore-per-inzh reticulated urethane,
3M's polyester fiber foam No. 1l458~1, and various types of foams
based on Monsanto Company's RI-7271 polyimide.

The uncoated reticulated urethane foam was examined primarily
for reference and to establish the degree of thermal resistance
available to it alone. The polyester fiber foam and the poly-
imide foam were reported to have excellent thermal resistance

in the presence of aviation fuels and therefore were of interest.

The l10-pore-per-inch reticulated urethane foam was evaluated under
regular and modified Phase 1 type isothermal conditions at 325°F,
200°F, and 250°F. The results of these exposures on the mechanical
performance of the foam are shown in Figures 21, 22, and 23, and
illustrated in Figures 24 and 25. For reference the color change

of the JP-5 fuel is also thown. As the urethane foam was completely
degraded after one week exposure to Phase 1 conditions at 325°F,

1t was necessary to evaluate this foam on a daily basis. It was
shown that the foam was completely degraded (in terms of mechanical
stability) within three days. The urethane foam was also evaluated
under Phase 2 conditions; the results of this are shown in Figure 26.

The polyester filber foam was supplied by the 3M Company as their
Sample No. 1458-1. It consisted of a white, bulky, felt material.
The fact that the material was a felt and rather bulky hindered
our testing of the material in compression and resulted in a
greater deviation of results. However, this fact did not detract
from the performance of the fiber foam in the Phase 1 and Phase 2

type exposure.

The retention of the mechanical perfcrmance of the polyester fiber
foam No. 1458-1 is well demonstrated in FPigures 27 and 28, and illus-
trated in Figure 29 for periods of i0 weeks exposure at 325°F

(Phase 1) and thermocyclic exposure from ambient to 325°F (Phase 2).
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A polyimide foam was made available from Monsanto Company. It
was designated as sample RI-7271, and consisted of a fine-celled
foam (approximately 40 pores per inch) in densities of 1 and 6
pounds per cublic foot. While these foams were not directly
suitable for the intended application (since the flow of fuel
would be restricted), it was felt that the establishment of
their mechanical performance as a function of Phase 1 and

Phase 2 type exposures would be excellent and should be proven.

Both the l- and 6-pound-per-cubic foot polyimide foams were
exposed to Phase 1 and Phase 2 type conditions. The results

are shown in Figure 30 and 31 and illustrated in Figure 29,

In essence, little degradation of mechanical properties occurred
over a period of ten weeks or 100 cycles.

Thermalgravimetric analysis data for both the polyester fiber and
polyimide foams in air in an irert atmosphere are shown in Figures
32 and 33.

In an attempt to prepare a polyimide foam that would be more use-
ful for the intended fuel tank application, polyimide foams were
prepared using a salt ball extraction technique., This consisted
of packing a container with spherical sodium chloride salt balls,
filling the container with a weighed amount of polyimide foaming
powder, foaming this powder under appropriate temperature-time
cycles and dissolving away the salt, Foams so prepared are

shown in Figure 34, The foams had large holes the size of the
salt balls and, while suitable connecting holes did not result,
the feasibllity of preparing foams by this technique was determined.
Most importantly, the modulus of this foam was close to that of
the reticulated urethane foam (which was not the case in the
polyimide-coated urethanes).

The large-celled polyimide foams were evaluated under Phase 1

and Phase 2 type exposure and the results of this exposure on

the mechanical performance are shown in Figures 35 and 36. Again,
the excellent retention of properties for this material was
demonstrated.

3. THERMAL-RESISTANT THERMOPLASTICS

Thermoplastics, both filled and unfilled, were evaluated for thelr
ability to retailn their mechanical properties upon exposure to
Phase 1 and Phase 2 type environments.

The filler for all the thermoplastics was glass at a loading of
15% or 30%. The filled thermoplastics consisted of two different
glass~-filled nylons, and glass-filled polyester, polychlorotri-
flucroethylene, polyvinylidene chloride, polycarbonate, and
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polytetrafluorocethylene. The glass was all in a short fiber
form. The unfilled thermoplastics conslsted of polyimide,
nylon 66, polymer 360, polyphenylene oxide, and polysulfone.
It was anticipated that some of these materials, such as poly-
carbonate, would not be effective in this particular applica-
tion, but these were briefly screened to demonstrate the
problem.

The purpose 1in investigating these thermoplastics was for their
anticipated use in injection molding of hollow, perforated
spheres. About midway through the program, however, the Air Force
indicated a lack of interest in the hollow, perforated spheres
for the fire- and explosion suppressant applications. Therefore,
less emphasis was placed on these materials. Importantly, how-
ever, some of these materials were investigated, 1.e., polyimides,
polymer 360, and the nylons, to establish their utility, prior

to their inclusion as a coating rfor the foam-type materials dis-
cussed in section III.2. Because of the aborted interest, the
filled and unfilled thermoplastics were exposed only to Phase 1
type conditions.

W Filled Thermoplastics

The reason for investigating the filled thermoplastics was their
reported stability at elevated temperatures (+300°F) in aviation
fuel environments. However, i1t was not anticipated that the

glass filler would contribute any improved thermal or fuel resist-
ance to the polymer. But the contribution of the glass to the
modulus of the material was expected and proven to be useful in
retaining the geometric integrity of the various specimens in the
Phase 1 type exposure. It is most important to consider that the
testing of the thermoplastics was done at 74°F (23°C) and not at
the temperature of exposure.

The specimens were all cbtalned from the manufacturer, for the
most part in the form of molded ASTM-D-638 dog-bone tensile speci-
ments, The specific materlals that were investigated included:
LNP Corporation glass-filled (30%) nylen 66, No. RF-1006; DuPont
glass-filled (30%) nylon 66, Zytel 7010-33; LNP Corporation glass-
filled (30%) polyester, WF-1006; 3M Company glass-filled (15%)
polychlorotrifluorcethylene, KF-6066; and Pennsalt Company glass-
f11led (15%) polyvinylidine chloride, Kynar 315MRN; glass-filled
polycarbonate; and glass~filled polytetrafluorocethylene.

The mechanical performance of the first five materials, as a
function of Phse l-type exposure at one week increments, 1is
shown in Figures 37 thru 41. The tensile strengths, modulus

of elasticity, and percent elongation as a function of exposure
time for the nylons and polyester are shown in Table I. Photo=-
graphs of the falled specimens following the various exposures

10
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are shown in Figures 42 and U43. This includes the glass-filled
polycarbonate and Teflon, which could not be tested after exposure.

As shown in Figures 37 and 38 the glass-filled nylons exhibited
excellent retention of properties as a function of exposure time.
The glass~filled polyester exhibited considerable decrease in
tensile strength in just one week exposure, and the polyvinyli-
dene chloride, the polychlorotrifluorcethylene, and the polycarbon-
ate all lost their initial geometry in the exposure so that no

more mechanical performance tests could be conducted.

b. Unfilled Thermoplastics

The unfilled thermoplastics were investigated both for thelr poten-
tial interest by themselves and as coatings for the reticulated
urethane foams. Since coating of the urethane foam with various
materials was not exactly straight-forward, and since the mate-
rials wers not off-the-shelf, 1t was advisable to first qualify
the coating material. Specifically, testing of the polyimides and
the polymer 360 were conducted for this purpose.

The unfilled thermoplastic materials investigated consisted of
American Cyanamid Company's polyimide 8692-192A (XPI-MC154);
Union Carbide Company's polysulfone P; 3M Company's polymer 360;
General Electric Company's polyphenylene oxide PPO; and a com-
mercial grade (Cadillac Plastics) nylon 66 sheeting. The results
of the exposure of two of these materials to Phase 1 conditions
on mechanical performance are shown in Figures 44 thru 46. As
demonstrated, both the pclyimide and the polymer 360 exhibited
excellent retention of mechanical properties as a function of
exposure time under Phase 1 conditions.

The lack of retention of physical geometry of the polysulfone,
polyphenylene oxide and nylon 66 are shown in the photographs

(Figure 46).

11
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Figure 1.
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Best Available Copy

Foam Type Structures which Showed Promise for

Use at 325°F in JP-5 Fuel for Extended Periods
of Time.
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(b) Specimen Container

Environmental Baths Used to Expose Candidate
Materials in JP-5 Fuel at Temperatures up to 325°F.
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Figure 4.

(a)

(b)

Test Configurations and Arrangements Used To
Characterize Candidate Foam and Thermoplastic

Materials.

Compression Test

Tensile Test
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Figure 5.

URETHANE

POLYIMIDE COATED

URETHANE

Photograph Illustrating the Modulus Characteristics
of the Coated and Uncoated Foams.
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Figure 24. Reticulated Urethane Foam Following 1 Week
Immersion in JP-5 Fuel at 325“F (Phase 1 Exposure).
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Figure 25. Photographs of Uncoated Urethane Foams Following
Exposure to JP-5 Fuel at Elevated Temperatures.




s B L TR W Y ST Log e MLR S o

*S3T94) Of a0J BurTohoowasayy] 2 asevyd JupMoTTOd

Weog 3UBY3SJIN PIJBRINOTISY Pajeoduq J0J uofsgaadwo) SA §S8J3IS  *9Z 2anITg

SYDUL ‘uoTI09TJaq SATESOIAWO)

enﬂ ﬂo ”o h- .Wo m- 'c ‘Mo 2 . ...H-
T I 1 | "1 1 T ¥ T 0
O -comecem z°
(] — ‘utw/°"ut 1°0 - 938Y peIYsLoI)
dohl = -dway 383} :
wWeod SUWIYII( PIJeTNOTIAY I:
02 cmemem : . Aueduoy Jadeg 33008 :1BTIIIBH .._1 .
i Surtofoomaayy 2 aswyy /: L
1] — il o
. ;o e
- ° — -~ - - oy Wo "
s \\0 . -
891040 2 oswyg A | o
-/ | R
e O, ]
- .\y\.\\ N - 8"
Ko of 7 . .
*kd> 02 t\. ..~
/ .
ks o JRTIoy 1
0"‘."‘.. ‘..l /o l. - °‘H
- ‘e !
.\.\- “ N
l\.. .c‘ ..
& ¢ .\.. /...\
pe
K 89T0A0 02 J93J%@ -22°1
ko oy’ pu® 3® orqQetJd
1 2 4 i A i A A 1 Jo-t

- W AL e A Vs e e

et e A s w4 A el s okttt e bem A s

42

¢




A BRIV 0 s 0 .

o

*§)39M JNnog J0J aansodxdy

T #8%YJ BUTMOTTOJ WeRO4 J3qQT4 J9389LT04 Jo uorssaadwo) SA €s2J9S L2 2an3T4d

89YoUuT ‘u0T3991J9p aAalssasdwo)

.0t 6°0 8°0 L0 90 S0

8°0 £°0 20 o

o .l...l SROIN
-eom ENIOA
ﬁ T aeesm SADOA
—— RIN

. ' — NIIN
oW(3 { @9%yd

n 33721 0°2 :£318Uag 7/
(gSyT)wEo4 J9Q14 J33sahrod 5
Auvdwo) Nt :1BTIIEK 7/
doyl :odnjuladuadl 383L K]
ufE/uf [°0 :93Wy peayssoag /7
. ‘up T X \
U 2 x “uf 2 TUUTWOpN:ayduws

T T T T

L3

t8d ‘ssaaig




¢ 9seyd IJurmorrod

SaYOUT ‘uoT310aTJIp sArssaxdmo)

*(s®9am uajl) sa1ohk) 00T J0J aansodxq
Weo J9qQTd J93S3L10d JO uoyssaaduo) sa §89a15 g2 2anBL4g

Ouﬁ Qo @.
v ¥
T0I3u0)
-
sat1245 01
-
L £’ -
821945 02 ’s
N $91242 0OY l
21245 0f
b —
s OO.H ®ee o snone -
oa —-—-—s
o ow S emmas o L
Oh —manes
-t OW - ampam o -
Om o s om0
= Off wmmcorem =
0f cmecowm
d 0C e=comwoem -
0] =—e==—
- [ J— l
’ €910A0 ¢ asedqd
'} 1 ] 1 1 1 q 9 1

1sd ‘ssagig

01

1t

(44

£t

LA

Ly




Flgure 29.
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EXPOSURE; CONTINOUS IN 75,3 FUEL AT 3735 F

Photographs of High Temperature Foams Following
Exposure to JP-5 Fuel at Elevated Temperatures.
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Figure 34. Large Celled Polyimide Foam Prepared
From Polyimide Powders by Salt Ball
Extraction Technique (Density 2.4 1b/ft3).

50




BuimoT104 sweog SpTWTATOd PITT9)

*8)99M anog aoJ aansodxy I aseyyd

*Gf oanI1yg

?3aw] J0J uogpssaadulo) sA $898Jd99
S3Youy ‘uolq20a1JIp sarssaadwo)d
0"t Oo O. L 0. m. N M- 2 T 0
| i R ¥ ) A L ' 1
p—
o
= v
(22
=
®
(4]
ul ]
o
w
o -
=
R sX59M § - -~ £€
ﬁ / 1043U00 —— -4 9¢
- (13
[ [ 1 [ 1 L 1 [l 1 | 24

51



OO 1. s et n e men e e

. *(s}o9mM u93) sOTOLD 00T a0; @ansodxd g aseud
BUTMOTTOd sweod 9pTWIATOd PITTo0) 23a®] J0J uorssaadwo) SA sSaa9g

sayout *ucy3darJop aagrssaadwo)
°O.ﬂ mc wl NO w. mo Q—- m- No

*g9¢ mg:wﬂm.

\ S81940 001

\ sa1940 0g
831942 09

~ sat124) O
831040 02

I

w m \ Toa3u0)
L
[

ot

139

9¢

6t

(4]

18d ¢ssaaas

N

52




22.5

20.0

17.5 Specimen: 308 Glass Pilled

Mo. RP=-1006

o Crosshead Rate: 0.05 in/min
/C’ Test Temperature: TROP
A Test Method: AST D=638
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Exposure « Continucus 325°F
in JP=-5 Fuel
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Figure 37. Tensile Stress vs Strain for Glass
Filled Nylon 66 Following Phase 1
Exposure for Four Weeks.
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Figure 38. Tensile Stress vs Strain for Glass

Filled Nylon 66 Following Phase 1
Exposure for Eight Weeks.
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Stress, 103 psi
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Soecimen: 308 Glass Pilled
22.5 Polyester No. WP-1006
Crosshead Rate: 0.05 in/min
Test Temperature: 74°p
Test Method: ASTM D-6138

Exposure = Continuous at 325°F
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Figure 39. Tenslle Stress vs Strain for Glass
Filled Polyester Following Phase 1
Exposure for Four Weeks.
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Figure U40. Tensile Stress vs Strain for Unexposed Glass

Fllled Polychlorotrifluoroethylene.
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Specimen: Pennsalt Chemical Co.
Kynar Grade 315 MRN
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- Test Method - ASTM D 638
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Figure 41. Tenslle Stress vs Straln for Unexposed
Polyvinylidenechloride.
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Pigure 42. Photographs of Glass Filled Thermoplastics Following
Exposure to JP-5 Fuel at Elevated Temperatures.

58



Reproduced From S
Best Available Copy

Figure 43. Photographs of Glass Filled Thermoplastics Following
Exposure to JP-5 Fuel at Elevated Temperatures.
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Figure 44, Tensile Stress vs Strain for Polymer
. 360 Following Phase 1 Exposure for
Four Weeks.
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Figure 45.
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Tersile Stress vs Strain for Thermo-
plastic Polyimide Following Phase 1
Exposure for Four Weeks.
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Figure U6.

Photographs of Thermoplastic Materials Following
Exposure to JP-5 Fuel at Elevated Temperatures.
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