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FOREWORD

This repcrt was prepared by Hughes Alrcraft Company, Culver 1
City, Caliiornia 90230, under Air Force Contract No. F33615.68-C. -
1322. The contract was initiated under Project Nr. 7340 ""Nonmetallic
and Composite Materiale,' Task Nr. 734007 "Coatings for Energy
Utilization, Control and Protective Functions.”" The program was q
administered under the direction of the Elastomers and Coatings Branch, f
MANE. Nonmetallic Materials Division, Air Force Materials Laboratory,
with Captain August H. Birke, Ph.D., serving as project engineer.

This report was submitted by the authors for publication as an

AFML Technical Report in March 1969.

The principal investigator on this program was Dr. Norman Bilow,
Hughes Senior Staff Chemist and Head of the Polymer and Chemical
Technology Group of the Materials Technology Department. Professional
assistance was received from Dr. Abraham L. Landis, Phillip Crepeau,
Salomon F. Reifer and Kenneth L. Rose. Dr. L. J. Miller provided
consultation on polymners and Mr. Bert Gerpheide provided consultation
on electrical wire properties. Wire insulation was wrapped at the

Microdot Corporation under the supervision of Mr. Richard Holizhauer. !

This report covers work conducted between February 1, 1968 and
February 1, 1969 and is the first interim annual report on this two year

contract.

This technical report has been reviewed and is approved.

I
WARREN P. HNSON, Chief
Elastomers and Coatings Branch
Nonmetallic Materials Division
Air Force Materiala Laboratory
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ABSTRACT

The purpose of this research waes te develop new and improved
polymeric coatings for electrical wire which are stable to temperatures
above 500°F (up to 800°F) for use on future high speed (greater than
Mach 3) aircraft and missile systems,

Polyimidazopyrrolone ('"Pyrrone''), perfluorocalkylenetriazine,
silicone carborane, bisbenzimidazolebenzophenanthroline (BBB),
polyphenylene, two polyimides, polyphenylsilane, carborane modified
polybenzimidazole, and polyxylylene were investigated as potential high
temperature polymeric wire coating materials. '""Pyrrone’’ and the two
polyimides were found to be excellent adhesives for Kapton polyimide
film, whereas the silicone carborane and perfluoroalkylenetriazine
showed poor adhesion for Kapton, Polyphenylene (Abchar 412) also
showed excellent adhesion for Kapton but lost this adhesion under high
temperature thermal aging.

"Pyrrone,’'' perfluoroalkylenetriazine and silicone carborane all
had very good dielectric properties, ''Pyrrone' has been successfully
used «s a Kapton sealant and wires containing this combination have
survived 28 day humidity tests at 95 percent RH at 185°C without peel-
ing, Such wires nad poorer dielectic properties when wet, but regained
their properties when redried, Dielectric properties of the "Pyrrone’ -

Kaoton combination depended upon the cure process used; however. a

g--od reproducible cure cycle has been Javeloped.

A new cure process for perfluornalkylenetriazine elastcmer was
discovered which functions at amhient temperature or higher., Cures
were achieved in 2 days a' 25°C, in 2 to 3 hours at 50 to 60°C or almost
instantly at 150°C, The curing agent is terephthalonitrile-N,N'.dioxide
and is effective in concentrations of 1/4 to 2-1/2 percent, Elastomer
cured by this curing agent is far more resistant to moisture than the
tetraphenyltin cured elastomer. lInvestigation of the triazine polymer

cured by this improved proc=.s is continuing.
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1. INTRODUCTION

The evolution of aircraft operating at cpeeds in excess of Mach 3
has resulted in markedly increased temperatures to which aircraft hook-up
wirce are exposod, Temperatures around 550°F are commonly experi-
cnced on cottemporary aircraft, while temperatures up to 800°F and
poksibly Figher will be experienced in future hyprrsonic military aircraft,
These temperatures are contiderably in excess of those that existing
aircraft hook-up wires can safely withstand under sustained conditions.

The high temperature hook-up wire currently specified for military
aircraft has a thin (3-mil maximum}, tough insulation and is procured
against specification MIL-W-B8138],"Wire, Electric, Polyimide Insulated,
Copper and Copper Alloy. " The insulation on this wire is constructed
from tapes that are composites of polyimide and FEP {luorocarbon
polymer. This wire has a continuous service temperature rating of only
292°F, When it is subjected to temperaturcs slightly above 460°F, the
FEP fluorocarbon sealunt exceeds its yield strength. As a resu!t the
inksulation loses its scalant properties, and o general reduction in
mechunical properties is observed, Thus to improve the thermal thresh-
old of hook-up wire, it would be necessary to utilize & sealant that could
be substituted for the FEP layer of the wire ineulation and that has a
scrvice temperature equal to or better than that of the polyimide film
aione,

Many high temperature polymers that warranted evaluation as
scalants in this progrum have been under development at luboratories
throughout the country. Polyimides, silicone carborane (Dexsil®
elastomere, nolyphenylenes, perfluoroalkylenetriazines, "Pyrrones,"”

BBB resins, polybenzothiazole, poly(terphenylene oxide) ond PBI-
Quinazouline were selected as primary candidate sealants because of

the high probability that they would meet the high temperature insu-

lation requirements. Furthermore, several of these polymers were

"Olin Mathieson Chemical Corp, trade name,

o

i i
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available in research quantities and consequently their evaluation was
feasible within the scope of this program. Other rarer prospective
polymers also exist and warrant screening in subsequent

investigations,
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I, POLYMERIC WIRE COATINGS DEVELOPMENT

A, "PYRRONE"

"Pyrrone'' resins are condensationpolymers lerived from aromatic
dianhydrides and tetraamino aromatic compounds. Bell and Pezdirtzl
originally referred to these polymers as polyimidazopyrrolones, whereas
Colson, Michel, and Pau.fler2 described them as polybenzoylenebenzi-
midazoles. Dawans and Marvel3 have also investigated these polymers
but used no general! terminology to name them.

Typically, the "Pyrrone'' resins are derived from a dianhydride

gch as pyromellitic dianhydride or benzophenonetetracarboxylic
¢ anhydride, and a tetraarmine such as 1, 2, 4, 5-tetraamincbenzene,
© 3.3'-diaminobenzidine, or 3, 3',4. 4’-tetraaminodiphehyl ether. Altypical

polymerization is illustrated below:

"Pyrrone'' polymers prepared from aromatic dianhydrides are
infusible and ccmpletely intractable materials, and consequently they
have found no application as molding materials, laminating resins,

extrusion compounds, etc.
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Subsequent to the work of Bell and Pezdirtz; Colson, Michel and
Paufler; and Dawans and Marvel, the Hughes Aircraft Company, under
NASA contract NAS 1-6287 studied methods of processing the '""Pyrrones."
In the conrse of this study, the condensation of tetraethyl
benzophenonetetracarboxylate and 3, 3' -diaminobenzidine was investi-

gated. The reaction is illustrated below:

(o) 0 0
|| ” C| . H,N NH,
C,H,0—C c 28
+ H,N NH,
C,H,0—C C-0C,H,
o) o) ﬁ
I I I
/° \
N N
\ 7/
c c
7 N
N N
n

The polymer structure illustrated is theoretical. In actual practice,

it is evident that other functional groups are also formed. Thus, the
cured polymer probably contains benzimidazole moieties, imide groups
and even some amide groups, and consequently, the term "Pyrrone,'"as
originally used by Pezdirtz and Bell, is not really appropriate termi-
nology. Benzimidazole groups can be expected to form via the loss of
CO2 from the carboxyl substituted imide intermediate when the cure is
conducted above 250°C.

Evidence for the variation in composition at the different cure
temperatures is obtained from elemental analyses. For example, the
following analytical data was collected on polymer cured at 300°C (572°F)
and 350°C (662°F).

[P SRR §
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Percent Percent Percent Percent
C H N (o]
at 300°C 73.69 3.49 11.32 10.69
at 350°C 74.91 4.12 11.59 9.24
calc. for 75.00 2.60 12.06 10,33
C29H1203N4 :

The benzophenonetetracartoxylic acid tetraethyl ester based
polymer has shown excellent thermal stability, and has a major advan-
tage over other"Pyrrone' res.n2 in that it is easily processed. The
prepolymer is readily soluble in dioxane and chloroform. It is also
thermosetting. Consequently, polymer "'lacquers'' or 'varnishes' can
be prepared from the prepolymer which can be applied to substrates by
spraying, brushing, or dipping, and can be dried and cured subsequently
to provide useful composite struciures. For these reasons, this
specific "Pyrrone' was rated as an important candidate electrical wire
insulation,

The first approach to utilizing '"Pyrrone'" resin was to evaluate
the polymer as an adhesive for Kapton* polyimide film., Chloroform
solutions of the '"Pyrrone' prepolymer (0.33 g./<c) were sprayed onto
6 inch by 12 inch by 5 mil Kapton and 2-ply laminates were subsequently
formed and press cured at 100 psig. T-p=el samples 1 inch by 12 inches
were then cut from the larger shests and were tested on the Instron
Universal Testing Instrument using siandard ASTM procedures, The
Jaw separation rate was set at 10 inches per minute. Measurements at
800°F were carried out by heating the specimens between two banks of
30 kw quartz lamps. Such heat lamps were preferred to the environ-
mental chamber for these tests because test temperatures could be
reached almost instantly with them, whereas with the chamber a signifi-

cant warm-up time was required each time a new specimen was inserted,

%
E.I.duPont deNemours & €o. trade name.
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since the chamber cooled significantly when opened for sample change.
Three thermocouples mounted near the specimens were used to monitor
temperatures in three positions simultaneously. Photographs of two

typical tests are shown in Figure 1.

a, Before Test-During Heatup b. During Peel Testat 800°F and 600°F

Figure 1. Typical High Temperature Tensile Peel Tests Using
: ‘ the 30 KW Quartz Heat Lamps

Samples tested at ambient temperature {75°F, 24°C), without
thermal aging, or with thermal aging for 2 hours at 600°F (316°C) or
2 hours at 800°F (426°C), failed in the Kapton substrate rather than
peeling. Similar results were observed in 800°F tests on unaged
samples as well as thermally aged (2 hours at 600°F or 2 hours at
800°F) specimens. Samples were tested in triplicate and in only two
series of sa'\mples was peel observed in one of the set of three. In both
cases these were samples which received the 2 hours heat soak at 800°F,
From the results of these tests, it was quite apparent that "Pyrrone"
resin bonded very well to Kapton polyimide film and consequently its

other electrical and physical properties also warranted evaluation,
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"Pyrrone'" prepolymer cures via the elimination of both ethanol
and water. Conscquently, considerable care is required to produce
E laminates with void-free interlayers. This problem is, of courge, also
observed with the polyimide adhesives described elsewhere in this
report, although the problem appears to be less serious with the "Pyrrone."
To take advantage of its thermosetting character, efforts sub-
i sequently were made to deterniine the degree to which the resin had to i
be "advanced' prior to bonding the '"Pyrrone’' coated Kapton substrates.
1 As the "Pyrrone’ resin is "advanced, " the volatile byproducts are

evolved; therefore, the further the resin advances prior to sealing,

the greater is the probability of producing continuous void-free inter-
layers. However, as the degree of polymerization increases the
required molding pressures and/or temperatures increaae. Since

the "Pyrrone'' resin is to function as a sealant for wire wrapped insula-
tion, relatively low wrapping pressures would have to be utilized and
thus relatively low molecular weight prepolymers would be required
for processing.

After the preliminary screening tests were completed, a series
of "Pyrrone'' coated Kapton specimens were prepared and subsequently
B-.staged in nitrogen at 200°C for (1) 15 minutes, (2) 30 minutes,
(3) 45 minutes, (4) 60 minutes, and (5) 120 minutes. Each of these

" coated films was then cut into 3 inch by 6 inch samples which were

bonded together and cured at 200°C under pressure using the conditions
shown in Table I.

From the results of these tests, it was apparent that the
"Pyrrone' resin did not seal well at 260°C (392°F) if it was B-staged

longer than 45 minutes. It was necessary, therefore, to reexamine
the sealing characteristics at significantly higher temperatures and
efforts thus were subsequently made to bond specimens at 2580°C
(482°F) and 300°C (572°F) using a prepolymer which was B-staged
for 1 to 1-1/2 hours,

Figure 2 shows photographs of three typical "Pyrrone' bonded
Kapton laminates obtained from this series of tesis. They demon-

strate the relative ratio of voids in the "Pyrrone' interlayer. The
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Table I. Test Conditions Used in Bonding Kapton Film Spray
Coated With "Pyrrone" Prepolymer

specimen| 2508 Commenta | L0
E2259 miuuto’u Tin.e, hours Contact . Content,
Pressure, psi percent
ZAl 15 16 0.4 Good bond
ZAZ 15 16 1.3 Good bond 10
213l 30 16 0.4 Good bond 10
ZBZ 30 16 1.3 Good bond 30
ZCI 45 64 0.4 Good bond Bad
ZCz 45 16 1.3 Good bond 15
ZC3 45 16 4.0 Good bond 20
ZDl 60 64 0.4 No bond -
ZD;: 60 16 1.3 Poor bond 3¢
- 2D3 60 16 4.0 No bond -
‘* 2D, 60 16 11.0 No bond -
| ZEl 120 16 4.0 No bond -
ZEZ 120 16 11.0 No bond -
8
_ i - :‘ —_— T . -

e S - —_— . ——
CUPYST RS S-S maw;-wh‘ - e RS . . - -




AFMI.-TR-69-111

B - stage: 15 minutes b, B- stage: 30 minutes ¢, B-stage: 45 minutes
Cure: 16 hours, 0.4 psi Cure: 16 hours, 0,4 psi Cure: 16 hours, 1.30 psi

Figure2. 'Pyrronc’ Bonded Kapton Laminates

bonding conditions are specified beneath each photograph and in all
illustroted cases the B -staging and cure were at 200°C (392°F).

Twenty-one T-peel tests were conducted on the series of samples
described in Table I. These tests represented seven different time-
temperature cure proccsses since they were conducted in triplicate.
All samples were heated at 427°C {800°F) for 2 hours pricr tec testing
at 800°F. In all cages the Kapton film failed at the bond line rather
than failing in the adhesive. Samples varied in the amount of B-
staging whichthe "Pyrrone' resinreceivedas well as in the pressure
used for sealing. Resin B -staged for greater than 45 minutes failed
to bond at 200°C (392°F), although excellent bonds were achieved at
300°C (572°F) on samples B- staged for 60 minutes at 200°C (392°F).
Cure conditions used on those specimens tested at 800°F (472°C)

are shown in Table II.
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Table II. Peel Tests on Various "Pyrrone"
Bonded Kapton Laminates — 800° F

;ix:ldf‘;::glt:c'h Adhesive 2022&3‘?;” 1 Pi"e".‘::;e

Eaess- Average of Thx;l;;l:u. Period, During

Highs™ minutes Cure, psi
Zl\l 0.84 0.9 15 0.4
2A, 1.45 0.9 15 1.3
2B, 1. 37 0.8 30 0.4
ZBZ 0.79 0.6 30 1.3
ZC1 1. 44 0.5 45 0.4
2C, 0.72 0.5 45 1.3
2C, 0. 84 0.7 45 4.0

*ln all cases the Kapton subétrate failed rather than the adhesive.

Since the thermal oxidative stability of th> Kapton film appears
to be the limiting factor in the "Pyrrone' bonded Kaptonlaminates, peel
tests subsequently were conducted at lower temperatures, namely,
316°C (600°F) and 371°C (700°F).

Dielectric properties of a 1.9 inch diameter by 1/8 inch thick
"Pyrrone'' specimen were also determined at ambient temperature.
This specimen was prepared from a polymer dried and advanced for
60 minutes at 177°C (350°F) and subsequently molded at 1000 psi for
1 hour at 260°C (500°F) followed by 1 hour at 316°C (600°F). The
following results were obtained:

10
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Dielectric constant
Dissipation factor
nsulation resistance (ohma)

Volume resistivity {ohm cm)

AFML-TR-69-1i!

3.2 (at | kHz)

1.2 percent (at 1 kHz)
5 x 1012 (at 500 vdc)
2,8x 104

Lamninates B- staged for 60 to 90 minutes at 200°C (392°F) under
f nitrogen and thereafter cured at 300°C (572°F) for 4 hours at 100 psi
were found to produce void-free adhesive interlayers. (The B-stage
period varied somewhat with the resin batch,) Samples B-staged

for 60 minutes at 200°C (392°F) and subsequently cured at 250°C
{482°F) and 100 psi had a small percertage of vo'ds in their adhesive

interlayers, and it appeared that zt this lower temperature the
"Pyrrone" adhesive did not flow adequately, although good bond strength

was observed.
Although satisfactory conditions were found for coating Kapton 1

I film and advancing the "Pyrrone' to a stage where it could be cured ]
»

without producing interlaminar voids, it was subsequently realized that i
these conditions would be impractical to utilize in coating wire wrapping P‘{

tapes berause the tapes would hive to be passed very slowly (1 hour)

‘ through an inert atmospherc oven.
To achieve more practical conditions, the "Pyrrone' prepolymer
was polymerized to the point whare it was on the border line of becom- i
ing insoluble in chlorofor . Polyvmerization periods thus had to be

extended for about 60 to 90 minutes. When the reaction period was

'R extended by an additionai 105 minutes, the prepolymer lost its solubility

and was not suitable for use in sprayable lacquers. i
Other expecriments were conducted in which coated Kapton films !

were B -staged at 250°C (482°F) for 60 minutes and at 300°C (572°F)

for 30 minutes., With either of these pretreatments, good adhesive
bonds could then be obtained subsequently at 350°C (€62°F).

These more advanced prepolymers were, as noted above, soluble
in chloroform. However, when chloroform solutions were applied by
spraying they tended to deposit in a dry particulate form rather than

) in the smooth {ilm that was achieved with the less advanced prepolymer.

11

I 4 e e —— . mia — s .



AFML-TR-69-111

This was an indication of excessively rapid drying. New prepolymer
lacquers then were prepared using a mixture of 80 percent chloroform
and 20 percent chlornbenzene, and the coated Kapton {ilm obtained
then was dried and further advanced under nitrogen at 200°C (392°F)
for 5, 10, 15, or 20 minutes. Each two-ply laminate wag cured at
350°C (662°F) for 4 hours at 100 psi. These cured samples all hed
voids, and it was assumed that this was duc to the presence of truces
of residual chlorobenzene which volatilized during cure., The chloro-
benrene did, of course, serve to prevent excessively rapid drying of
the lacQuer and thus provided uniformly coated films; however, the voids
which it promoted were certainly undesirable. Subseqguent experiments
with a solvent mixture comprised of 95 percent chloeroform and 5 percent
chlorobenzene were more succeosful in that uniform coatings and void-
iree adhegive interlayers were achieved,

Three sets of void-free ''Pyrrone’ bonded Kapton laminates were
lLieated at 71°C (160°F) in a 95 percent relative humidity chamber for
periods of 96, 146, 157, and 264 houra. When T-peel tests were con-
ducted on these specimens at 316°C (600°F) adhesive failure did not
occur; however, those samples which received the 157 hour and 264 hour
exposures did blister and delaminate. These peel tests were
conducted under conditions where the temperature was raised from
ambient to 316°C (600°F) in several seconds; however, in subsequent
testa described later, where the exposed saamples ware allowed to
redry adequately before testing, blistering did not occur. The blister-
ing can, of course, be attributed to the sudden vaporization of trapped
moisture. However, because such a rapid heat increase was not likely
to be encountered in practice, a subsequent series of humidity tests
was conducted. For this new series of tests a 3 inchbyéinch void-free
“"Pyrrone' bonded Kapton laminate was prepared using "Pyrrone'
resin which hzd‘ beeq_‘ B - staged under nitrogen for 90 minutes at
200°C (392°F) after being applied to the Kapton. This specimen was
cured at 100 psi and 350°C (662°F) for 4 hours and was then cut into
three 1 inch by 6 inch strips. These strips were exposed to 95 percent
relative humidity at 160°F for 146 hours. Specimens were then dried

12
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for: (1) 4 hours at 75°C (167°F), (2) 4 hours at 100°C (212°F}, and

{3) 4 hours at 150°C (302°F). Then they were placed directly into a
316°C (600°F) oven for 30 minutes. The sample diied at 150°C {302°F)
did nut blister, although the other two did.

These results appeared to indicate that the moisture pickup was
a physical absorption since it could be reversed akt 150°C (302°F), a
temperature much below the cure temperature, A T-pcel test was
carried out at 316°C (600°F) on the redried void-frce specimen, and
adhesive failure did not occur. Here also the samplc failed at the
bond line.

Quantitative moisture absorption tests were also carried out,

For these tests, 2-1/4 inch by 2 inch sheets of Kapton film (5 ril)
were spray-coated on both sides with "Pyrrone' resin. The resin was
subsequently B - staged under nitrogen for 90 minutes at 200°C (392°F)
and then cured at 350°C (662°F) for 4 hours under argon. Samples
were dried for 5 hours at 60°C (140°F) under vacuum and weighed.
Uncoated specimens were used as controls.

One coated sample and one control sample then were set over
water for 16 hours at ambient temperature and subsequently dried under
vacuum at 120°C (248°F). 'n addition, one sample of each type was
exposed to 95 percent relative humidity for 146 hours at 70°C (160°F),
then dried under vacuum at 120°C (248°F). Weight changes which were
noted under the various conditions are shown in Table III.

These tests demonstrated that the 'Pyrrone’ resin adsorbs
water to a slightly greater extent than Kapton f{ilm. Furthermore,
in the elevated temrerature high humidity tests it will be noted that
there was a net increase in weight (40,70 percent) after redrying the
""Pyrrone'' coated substrates,whereas the uncoated Kapton showed no
net water retention and actually a slight loss (-0. 16 percent), Thus,
it appears that in this environment Kapton adsorbs water physically,
whereas the ""Pyrrone'” may be irreversibly absorbing water, presum-
ably through hydrolysis. It should be noted, however, that a redried
two-ply laminate which received this type of humidity test withstood
peeling at 316°C (600°F) and thus adhesive failure did not occur even

13
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Table III. Water Absorption in ""Pyrrone' Coated Kapton Film

"Pyrrone'' Coated Uncoated
Kapton Kapton
Percent Percent
Test Conditions Weight Weight
Change Change
Samples dried only -1, 68 -1.29
After = 75 percent +1,51% +1, 30%
RH — 16 hours at
23°C
Redried -0, 12% -0. 06*
After 95 percent +3. 95% +2, 19%
RH — 146 hours at
71°C
Redried +0, 70% -0. 16*
* .
Weight changes calculated on the basis of the original dried
substrates,

though trace hydrolysis apparently had occurred, Furthermore, a
similar sample showed no significant change in dielectric properties as
a result of the humidity test. On the contrary, redried samples actually
had slightly better dielectric properties in many cases.

Isothermal weight loss studies were made o '""Pyrrone'' prepolymer
to determine the rate of polymerization on '"advancement' 1n argon at
250°C (482°F), 300°C (572°F), and 350°C (662°F) and the results of
these studies are illustrated graphically in Figure 3. It is evident
from these experiments that at 250°C (482°F) the polymerization
continued throughout the entire 10 hour period as shown by the continu-
ing weight loss. In contrast, the weight loss ceased after 4 lLours at
300°C (572°F) and after 3-1/2 hours at 350°C (662°F). The total weight

14




AFML-TR-69-111

PREPOLYMER £i706-32
350°C (662°F)
2 ( ; ) 30°C 572K 1
* ¥
o 2ok . 25%°C (482°F) -
g . .
a
S
§ 18 |~
H
12 - .
~ 't"
8 1 1 S L L i - 1 L RN :
0 1 2 3 4 5 é 7 L] 14 10 i
TIME, HOURS
Figure 3. ''Pyrrone' Prepolymer Weight Loss as a Function j
of Temperature ’
’ loss was different in each of these cases; thus, at250°C (482°F) the ' ™
maximurm loss was 19 percent, at 300°C (572°F) the maximum loss !.
: was 23 percent and at 350°C (662°F) it was 26 percent, One 'may con- ;
clude from this data that the structure of the cured polymer varies to i

some degree with cure temperature and this would imply a variation
in the ratio of the various functional groups as suggested earlier.

Prcpolymer used in this study had the following characteristics:

Inherent viscosity 0.46 (2.5 g/100 ml of
dimethylformamide)
Equiv. percent free CO,H 1.5

The initial polymerization conditions were: 120 * 10 minutes at
172 £ 5°C (342°F).

Dielectric properties of a "Pyrrone" bonded Kapton laminate also

were measured. The sample was one prepared from "Pyrrone' resin
which had been B- staged under nitrogen for 90 minutes at 200°C
(392°F) after being applied by spraying (from a chloroform solution)
onto 5 mil Kapton film., Furthermore, it was cured at 350°C (662°F)

for 4 hours at 100 psi and was subsequently exposed to 95 percent

15
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relative humidity at 71°C (160°F) for 146 hours, then redried for 4
hours at 150°C (302°F). Although trace hydrolysis presumably occurs .
during the humidity exposure, the redried laminate had excellent

dielectric properties as shown below.

Dielectric constant (23°C, 1 kHz) 2.6
! Dissipation factor (at 500 vdc) 0.1 percent
. Volume resistivity (ohm-cm at 500 vdc) 7 x 1014
Insulation resistance (ohm-cm at 500 vdc) 4 x 1012

For comparison, the dielectric properties of ""Pyrrone' and

i Kapton film alone are shown below:

'Pzrrone" Kapton Film
Dielectric constant 3.2 3.6
: Dissipation factor 1.2 0.1 percent
Volume resistivity 3 x 1014 1ol8

i {at 125 vdc)

Insulation resistance >1013 —-

It is quite apparent that the bonded laminate s. owed no significant

: deterioration of its dielectric properties relative to the limiting param-
eters of its two constituents. Its dielectric constant actually appears

.10 be better. The bonded laminate thus withstood heat and moisture

very well.

After demonstrating that "Pyrrone' was an excellent adhesive
for Kapton film and that it had very good dielectric properties and
water resistance, an apparatus was assembled for the continuous coat-
ing of 3/8-inch wide 3 mil thick Kapton tape with '""Pyrrone' prepoly-
mer lacquer. The tetraethyl benzophenonetetracarboxylate based

"Pyrrone' resin was used for these studies also and dioxane was

L. selected as the lacquer solvent. A schematic of this apparatus is

shown in Figure 4 and a photograph is shown in Figure 5. Tape speeds .
varied from 2.5 to 3.5 minutes per foot, and consequently it required
5 to 7 minutes for the coated tapes to pass through the 2-foot long oven,
Argon was passed through the oven continuously during this drying and

B-staging period, The oven temperature varied from center to end

16
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TAP: COATING DEVICE SCHEMATIC

/ OVEN

1C NO.

1 _TCNO.2 1CNO.3

MICRO
SWITCH

FOOT COUNTER
GAS '
CONTROLLED AGON
1O 2 SCFH

tackup”
WHEEL

Figure 4, Tape Coating Device Schematic

Figure 5,

DRIVE

TC NO. TC NO. 1C NO.
1 2 3

MOTOR

Tape Coating Device
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H and in the initial studies was 230°C (445°F) in the center while the

entrance and exit temperatures were near 170°C {(338°F). The argon
entrance port wag built into the center of the oven to provide the most
uniform atmosphere distribution and minimize exposure to air. An
argon gas flow rate of 2 cubic feet per hour was used,

A foot counter comprised of a micro switch and electronic counter
served to determine the number of feet coated. A free falling tension
device, with a felt rider, was used to provide constant tension on the
roll and to control backlash. The pull force on the take-up wheel was
adjusted to approximately 40 grams (which was later found to be too
low).

Lacquers of various concentrations were investigated, and it was
found that those containing less than approximately 28 percent resin
solids provided '"Pyrrone' coatings that were too thin. Solutions in the
28 percent solids content range (g/ml) provided coatings approxi-
mately 0.5 mil thick on each side of the Kaptcen substrate, and this
was the film thickness desired. Furthermore, coatings were excep-
tionally uniform in appearance when they exited the B- stage oven.
The "Pyrrone'" was applied to the Kapton tape by drawing the tape
through the lacquer and predrying with a heat gun prior to passing
the coated tape through the B- stage oven.

Wire wrapping was subsequently carried out at the Microdot
Corporation under subcontract to Hughes using the wrapping machine
illustrated in Figure 6. Heat lamps were mounted to provide the
required heat of fusion,

In preparing the first roll of "Pyrrone' coated Kapton tape the
Kapton film (3/8 inch wide and 3 mils thick) was coated with "Pyrrone"
prepolymer which had been advanced for 25 minutes at 200°C (392°F)
under nitrogen after the resin was dissolved in dioxane to give a 28
percent solids content lacquer. Approximately 150 feet of tape then
was coated and subsequently passed through a drying oven at 230°C
(446°F) (center temperature). End temperatures were 150°C (302°F).
The tape speed was 3 minutes per foot or 6 minutes total dwell time

in the oven, and the '"Pyrrone' resin was 0.5 mil thick on each eide.

18
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Figure 6. Wire Insulation Wrapping Machine

Multistrand silver coated copper wire (20 gage) was then machine
wrapped with this tape, The wrapping temperature was approximately
300°C (572°F). Part of the coated wire wis subsequently passed through
a series of curing ovens at 260°C {500°F), 316°C (600°F), and 427°C
(800°F) at a rate of 35 feet per minute (i0 seconds at each temperature).
It was discovered during the wrapping process that more tension was
needed in the spools of tap: wrapped at Hughes if uniform wraps were
to be achieved,

Modifications thus were made in the Kapton tape coating device
in order to provide more tightly wrapped tapes. The tension was
about 30 to 40 g in this first roll and was inconsistent. Greater tension
(to 200 g) was achieved by replacing the friction drive originally used
with a direct drive using an 80 to | gear reduction connected to the
motor.

Studies on possible fast post-cure conditions for the "Pyrrone'"
coated Kapton were next carried out to establish the feasibility of
using short duration cures at temperatures of 316°C (600°F), 371°C
(700°F),427°C (800°F) and 482°C (900°F). Test conditions are shown

in Table IV,
19
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! Table IV. Results of T-Peel Tests Conducted on
' ! Quick-Cured "Pyrrone' -Kapton Tapes
¥ Cure T mC:::t Tape T-Peel
; Time amp ure Speed™ Test Results
: Sample minutes °F *‘C feet/minute at 700° F**

¢ — — T — e

! 1 240 600 316 0.06 BLF

' 2 120 | 600 | 316 0.3 BLF

3 60 600 316 0.25 BLF
4 30 600 316 0.50 Peeled at
0.03 1b/in
5 15 600 316 1.0 No seal
: 6 60 700 371 0.25 BLF
K 30 700 371 0.5 BLF
8 15 700 37} 1.0 BLF
9 15 800 427 1.0 BLF

; ‘0 5 800 427 3.0 BLF

i
| 11 5 900 482 3.0 BLF
B
& 12 2 900 482 7.5 BLF

} . ,

i 13 1 900 482 15. Peeled at
1 0.19 Ib/in
i ‘Calcula.ted speed at which tape would have to be paésed through
\ the Microdot Corporation curing oven to achieve these

conditions.
"’BLF = hond line {ailure, substrate failed rather than the
adhesive.
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On the basis of these tests it was evident that a minimum of &0
minutes at 316°C (600°F), 15 minutes at 371°C (700°F), 5 minutes
at 427°C (800°F), or 2 minutes at 482"C (900°F) was adequate for cure.
However, subsequent dielectric tests on the '"'Pyrrone''- Kapton
insulatsd wire showed that the 427°C (800°F) and 482°C (900°F) cures
were undesirable even when the inculated wires received a postcure.
These observations are discussed subsequently.

A ;econd batch of '"Pyrrone' prepolymer (E1516-97H) was
"advanced' at 200°C (392°F) for 25 minutes in nitrogen, during which
time its inherent viscosity increased from 0,46 to 0,56. The viscosity
determijnation was made in dimethylformamide at a conceatration of
2.5 g/100 ml. The polymer then was dissolved in dioxane (50 g/180 ml)
to yield a 28 percent solids content lacquer and this was subsequently
used to coat 134 feet of Kapton tape (3 mils). One hundred thirty-
four feet of coated tape was prepared and B - staged for 5 minutes in
argon at a temperature maximum of 280°C (536°*F). This was taken
up on a roll with a tension of 150 to 200 g. A second roll of tape was
B-staged to a maximum of 350°C (662°F), also for 5 minutes.

The 280°C B -staged tape was wrapped on multistrand silver
coated copper wire using a taping head speed of 140 rpm and a line
speed of 2.5 feet to 3.5 feet per minute. The wrapping temperature
was about 349°C (660°F) and the heat was directed at the location of
the bend of tape around the wire inside the wrapping spindle. No
crazing or uneven surfaces were produced.

The 350°C B - staged tape was wrapped using a head speed of
120 rpm and a line speed of 2.5 feet per minute., All wires were
wrapped with an overlap in excess o1 75 percent. Samples of this

wire were inferior to the former due to a variation in tension on the

tape on the roll (part of the tape had been wrapped by hand because a

kink formed during the initial B - staging and necessitated rewrapping).
Sections of wire were run through the curing oven under the

different conditions shown in Table V.,

21
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Table V. Cure Conditions Used in the Preparation of
"Pyrrone''-Kapton Coated Wires

B-Sta Tem(;:::ture Total Cure
-Stage Tape Speed, Time,
Temperature *F | °C feet/minute minutes
Wire I Maximum 230°C 500 | 260 35 10 seconds
600 | 316 35 10 seconds
800 | 427 35 10 seconds
Wire II | Maximum 280°C
Ila 700 | 371 1 15
b 800 } 427 3 | 5
lc 900 | 482 3 5
Wire III}, Maximum 350°C
illa 700 ] 371 1 15
un 800 | 427 3 5
lc 900 | 428 3 5

Postcures were subsequently carried out on all of these wire

samples. Wire I (E2259-32) had been wrapped with too little tension

as mentioned previously. Three foot samples of tho Wire I were
postcured in air at 316°C (600°F) for 1/2, 1, 2, and 4 hours as well
as at 371°C (700°F) for 1/2, 1, and 2 hours. All of the Wirel samples
were soaked in water for 4 hours and then tested. All failed the insula-
tion resistance test and consequently further electrical tests of Wire I
were not made.

Samples of Wire II and III were also postcured as shown in
Table V and subsequent dielectric tegt results are also shown in
Table VI. These dielectric tests were made on wire soaked in water
at ambient temperature for 16 to 24 hours. (MIL-W-81381 specification

requires a minirnum soak of only 4 hours.) Results of these tests show

22
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Table VI, Electrical Propertiss of Wires Postcured
in Argon Under Varicus Conditions !
tnitisl Cure Post Cute Insulation | Dielectric Btrength . L
Resistance
. Wire Test Time, Temperature, | Time. | Tempersture, | Megohms 1 Minute | Mazimum
Number | Number | minutes ‘r minutes °r lnlOOVDC 2300 VAC VAC
280°C B -Stage Wire®
: e 12 1s 700 ) T00 1062 10° | Passed |
! 1} 13 100 4 700 1.79x 108 | Paesed
: ] T 700 % ©00 126 % 10% | Pasned
; 9 18 e 60 600 0.67x 10% | Passed 10 8 KV
| 10 18 700 120 600 1 00 x 10° | Paserd
uv 1 s 800 13 700 2.00 x 162 | Pasoed
l 1% s 800 49 700 62.% Passed
16 S 800 30 600 124 Paseed 10,0 KV
17 s 800 60 600 2 28x10%| Paceed 1.0 KY
18 s 800 120 600 2 06 x10° | Passed
19 ] 800 2aL 600 2 00x 10% | Passed
tic 20 s 900 13 700 0 247 Passed 10.0 KV 4
21 s 900 . 100 FETT) Passed ,Aq
22 s 900 30 L00 0 8yy | Pussed ;
. 23 s 900 50 600 0.250 ! Passed "
g 24 s 900 120 600 0. 247 Paveed ~‘}
. 25 ) 900 240 00 T}
350°C B -Stage Wire'® l BRI
: Illa % | 1 700 15 700 0. 385 ,
27 15 200 4 700 0 bbb Pasved i
28 1S 700 30 600 0.333 Pasecd t )
2y 15 ?00 60 600 0.294 Passed 4
30 13 700 120 600 I Passed 11 0 KV
31 15 300 140 £o00 o een Pazszed : i
Ul 1 s 800 15 700 0 67 Passed 1
' 33 s 8OO 4 700 0.3 Paseed
37 5 800 W 600 021 Passed :
3 5 802 60 600 .11 Passed K
35 S 800 120 600 0.096 Passed 3.8 KV
) s 800 240 $00 0. 11 Passed
e 1 s 900 15 700 0.12% s0
seconds !
39 s 9¢0 45 700 o 1s7 Passed :
40 s 900 30 600 0 146 Puseed | ;
4l s 900 60 600 0 11} Passed 1,
@ [ 900 120 600 10143 Fassed :
43 5 960 240 60U o 167 Passed 1
*Sample £2259-38A. {
. **Sample E2259-38B.
! |
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that the wire ecasily meeots the dielectric requirements. Insulation
rasistance of the better wires was 1 - 2 x 106
higher) at 500 vdc and dielectric strength was 10, 000 - 11, 000 volts.
The best wires were those B -staged up to 280°C (536°F), cured at
371°C (700°F) for 15 minutes, and postcured in argon for 4 hours at
316°C (600°F) or 371°C (700°F). Wire which was B -staged at 350°C
(662°F) probably did not flow sufficiently well to seal effectively and

wire cured at 482°C (900°F) probably was porous due to the excessively

Megohms (10lz ohmas or

rapid evolution of condensation volatiles.

The ingulation resistance of the cured ""Pyrrone"-Kapton coated
wires was determined as a function of temperature, using (1) dry wire,
{2) water-soaked wire (16 hours), and (3) wire which had been exposed
to 95 percent relative humidity at 85°C (185°F) for 28 days.

"Pyrrone"- Kapton insulated wires evaluated in this study were
postcured under argon in the apparatus illustrated in Figure 7.

Similar tests were conducted on FEP- Kapton wire from Have~
Corporation. Results of these tests are illustrated graphically in

Figure 8.
A l .
_GIOUN0 Ly
GLAS SN 1000 WATY OVIN
1FT LONG
4

tur
Casuts 4

INNER SUPPORT FOR INDIVIDUAL ARGON

MERCURY WIRE SAMPLES AND THERMOCOQUPLL [T V1]
WNLER

T~E THERMOCOUPLE WAS PLACED IN TrE MIDOLE TUM

CF TRt INNER SUPPORT AND THE Wil SAMPLES IN THE

$ X SURROUNDING TUBES

Figure 7. Wire Post-Cure Oven
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Figure 8. Effect of Temperature on Insulation
Resistance of "Pyrrone'"- Kapton Insulated Wire
as Comparcd to FEP- Kapton lnsulated Wire

The Haveg wire had better water resistance at ambient tempera-
ture, However, the abrupt drop in the insulation resistance of this
wire from 149 to 204°C (300 - 400°F) shows that the glass transition
temperature of the sealant has been exceeded and consequently the FEP
sealant propertins are lost, Furthermore, although its insulation resist-
ance is slightly better than that of "Pyrrone"- Kapton wire from
204 to 316°C (400 - 600°F), adhesive failure would very deleteriously
affect the physical properties of the Haveg wire. In contrast, the linear
drop in insulation resistance of the "FPyrrone'- Kapton insulated wire
demonstraies that the '""Pyrrone" has not exceeded its glass transition
temperature. This supports the previous observation that adhesive
failure is not observed at 316°C (60u°F) or higher, It is also important
to note that the water -soaked "Pyrrone'- Kapton coated wire regains
its properties when redried above 149°C (300°F) and this is also shown in

Figure B.
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i : ' Humidity tests on "Pyrrone'-Kapton coated wires were carried
out by exposing samples of wires to 95 percent relative hur idity at 85°C

- (185°F) for 28 days. Tests were conducted on wire which was cured

o, under the various conditions previously described. Althcugh no visible

| change in the wires was noted, and in no case had adhesive failure

occurred, there was a very significant variance in the insulation resist-

ance depending upon the cure cycle which the wire had received. Results

l
E of these tests are shown in Table VII.

E o # These tests indicated that the wire B-staged at 280°C (536°F),
-} cured at 3719C (700°F) and postcured at 316°C (600°F) was significantly
better than all others. ' .

Wire samples No. 10, 19, and 24 were thea retested after remov-
ing them from the aqueous surfactant solution. Tests were conducted at
] 24°C {75°F), 93°C (200°F), 149°C {300°F), and again at 149°C (200°F)
after heating for 1 hour. Results ¢f these tests are shown in Table VIII.

The significance of these teets can best be seen by examining

Figures 9 and 10, Here the affect of redrying can be seen. Further-

more, the insulation resistance of an unexposed wire is also shown,
for comparison to the redried humidity tested wire,
Eiforts were subgequently made to improve the "Pyrrone''-Kapton

wrapped wire bv overcoating it with cured perfluoroalkylenetriazine

- elastomer.* To acccinplisk this objective, a solution of perfluoro-

alkylenetriazine clastamer in bis(irifluoromethyl)benzene (20 g/152 ml)

N N'-dioxide (6.026 g} and the mixture was stirred for 1 hour to achieve
- solution.

Two samples of optimally cured, post-cured '""Pyrrone''-Kapton

I W e T T ST T T I

wrapped wirs were then coated with the perfluoroalkylenetriazine solu-
tion and,after air drying for 2 1/2 hours, the perfluoroalkylenetriazine
was cured for 2 hours at 150°C (3029F).

R

*This elastomer is discussed in detail elsewhere in this report.

26
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Tested '"'Pyrrone''-Kapton Wire
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Table VIII. Insulation Resistance of '"Pyrrone''-Kapton Insulated
Wire After 28 Day Humidity Tests
Temperature, °F Sample 10 Sample 19 Sample 24
75 7x 10! 5 x 1011 7 x 1010 !
200 2 x 10'° 1x 10! 8 x 10°
300 2 x 1010 2 x 10!° 5 x 107 !
300 (1hour) | 1x 102 8 x 10° 6 x 104} |
1
*All insulation resistance values in ohms. |
IO“ i
SAMPLE 10 :
‘01, - ‘
'0” - )
]
5 .
2 mll |
&
§ no'° -
s
2
r4 R a
w0 - \
= HUMIDITY TEST WIRE AFTER *
REDRYING AT 300°F
108 | == = = HUMIDITY TEST WIRE IN THE
PROCESS OF DRYING
s e WIRE PRIOR YO 28 DAY HUMIDITY TEST \
10 1 1 | 1 1 J
38 9 149 204 280 318
TEMPERATURE, °C
L 1 ] 1 1 —_— - »
[} 100 200 300 400 500 600
TEMPERATURE, °F
Figure 9. Insulation Resistance of Humidity )
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REDRYING AT J00°F
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HUMIDITY TEST
‘07 1 L i L
38 n 149 204 260 N6
TEMPERATURE, °C
1 L ! 1 1 ) ) i
0 100 200 300 400 500 400 . .
TEMPERATURE, °F S
Figure 10, Insulation Resistance of Humidity .
Tested "Pyrrone" - Kapton Wire ]
i One of these 3 foot long wires was sovaked in aqueous surfactant ;_ ’
solution for 16 hours. Then both wires were tested to evaluate their Lf
j E
: insulation resistance. Results of these tests are shown in Table IX. It ' ?
is quite evident from these tests that the water resistance of the '"Pyrrone''- i
' Kapton insulated wire was significantly improved by the perfluoro- I »
alkylenetriazine coating. The improvement is best illustrated in i
. Y
Figure 11, A comparison of the overcoated dry wire with '"Pyrrone''-
‘ Kapton wrapped wire is shown in Figure 12. There appears to be little
! advantage gained in dry tests by overcoating with perfluoroalkylene-
E triazine, whereas there is a significant advantage noted when one w
examines the aqueous surfactant soaked wires,
|
|
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Table IX. Insulation Resistance of Perfluoroalkylenetriazine
Coated "Pyrrone"-Kapton Wire
Temperature Insulation Resistance, chms
‘F °C Water Soaked Dry
75 24 5 x 1012 3 x 1012
300 149 5x 1041 3 x 1012
400 204 5 x 1010 3 x 1010
500 260 3 x 10° 2 x 107
600 316 3 x 108 3 x 108
IO'J
10'2 |
2
x
°
g W E
N
& oof \\
H \
3 -- \
r4 —— WATER SOAKED (16 HR) PERFLUOROALKYLENE - \
IO’ | :;:5;:‘; S&AKD *PYRRONE" - KAPTON
== a::i:eSDO;:(:‘D {18 HR) “FVRRONE™ - RAPION \
w0 1 1 L 1 L 1
® 9 149 204 260 s 372
TEMPERATURE, °C
L } ! 1 ! l 1 J
Q 100 200 300 400 500 600 200

Figure 11,

TEMPERATURE, °F

Insulation Resistance of

Perfluoroalkylenetriazire Coated-
"Pyrrone ''-Kapton Wrapped
Wire — Wet Tests
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108 1 L L )
k'] 93 149 Hel 160 Ne
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1 1 —1 i J
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Figure 12. Insulation Resistance of
Perfluoroalkylenetriazine Coated-
"Pyrrone"-Kapton Wrapped
. Wire — Dry Tests

Synthesis of Tetraethyl Benzophenonetetracarboxylate (D1516-96)

Benzophenonetetracarboxylic acid dianhydride (193 gm, 0.6 mole)
was slurried in absolute ethanol (800 ml), and concentrated sulfuric acid
(28 ml) was added dropwise to the mixture. The reaction mixture then
was heated to reflux and stirred for 24 houvrs. The crude product was
concentrated by distilling off ethanol (550 ml). Benzene (400 ml) was
added, and the mixture was heated to reflux for 96 hours to remove
water of condensation by azeotropic distillation. Fresh ethanol was
added periodically to the reaction vessel.

The final crude product, in benzene, was washed several times
with fresh water, and shaken with saturated sodium bicarbonate solution
to remove the partially esterified acid. The benzene solution of tetra
ester then was dried over anhydrous magnesium sulfate, and the solvent

was removed by vacuum distillation. The product weighed 224 grams
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{79 percent of theoretical) and had 1,5 equivalent percent free

carboxyl groups by analysis.

Synthesis of "Pyrrone' Prepolymer (D1516-97E)

The benzophenonetetracarboxylic acid tetra coster (141.1 gm, -
0.30 mole) was heated under argon to 190°C, and solid diaminobenz-
idine (64.2 gm, 0,30 mole) was added to the hot stirred tetra =ster.
The reaction mixture was stirred under argon at 180°C for 80 minutes
while the vessel was periodically evacuated to remove ethanol formed
by the reaction (9.5 ml of ethanol were coilected in the cold trap). The
preduct was then cooled rapidly in an icc bath, and ground to a fine
powder in a mortar. It had an inherent viscosity of 0. 49 (taken in

dimethylformamide solution at a concentration of 2. 5 gm/100 ml),

B. PERFLUOROALKYLENETRIAZINS

Perfluoroalkylenetriazine elastomers have been under develop-
ment at Hooker Chemical Company, Dow Chemical Company, Air I'orce
Materials Laboratory, and the University of Florida for several years.
Samples of the Hooker synthesized polymer [No. 2572-17-1, prepared
under AF 33 (615)-1636)], were received from T. L. Graham of the

-‘\ . . - »
“electrical wire insulation.

The elastomer is soluble in hot big(trifluoromethyl)benzene and

consequently sprayable or brushable lacquers can readily be prepared
using this solvent., Extensive research also has been conducted at
Hooker Chemical Company aimed at the development of an optimum
cure process; as a result of that research tetraphenyltin was reported
to be the best catalyst for achieving this objective. Solutions of the
elastomer containing 5 percent by weight of tetraphenyltin were pre-

pared for the wire insulation studies using the following procedure.

1.  Mill the raw polymer for 5 minutes on a rubber mill.
2, Dissolve the polymer gum in m-bis(trifluoromethyl)benzene
{0.2 g/ml) at 93°C (200°F), :
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Decant the solution from the insoluble polymer.

4, Add a solution of tetraphenyltin in isopropyl acetate

(0. 01 g/ml) sufficient to provide a 20:1 welght ratio of

elastomer to curing agent,

5. Repeatedly brush coat substrates, evaporating off solvent

between applications, until the desired polymer film thick-

ness is achieved,

6. Cure the drizd polymcr for 24 hours at 177°C (350°F),

With tetrapheayltin as the catalyst, cure proceeds through the

trimerization of pendent nitrile groups, resulting in the formation of

new triazine rinys as illustrated below:

-
N
/ \
—-(CFZ-)3—— C (|3 —
N N
\/
(C|F221 Csn

N

Q)4Sn

-

B _ ]
N
7/ \
oy T
N N
\C/ N
. /7
- (CEC Cr—
| |
N N
\./
| | dm
—(CFZ)n

This cure process was described in AFML Reports TR-64-249,

Parts III and 1V.

Perfluoroalkylenetriazine lacquer containing 5 percent tetraphenyl-

tin was brush coated onto sheets of 5-mil thick Kapton polyimide {film

{sodium etched), and after drying, 2-ply T-peel laminates were pre-

pared and cured as noted praviously.

The lacquer required heating

periodically to 100°C to prevent the formation of needle-like catalyst
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crystals., This lacquer also was used to prepare a dielectric test
specimen by brush coating a 2-inch diameter aluminum disc and
repeating the process with intermittent drying until a suitable {ilin
(13. 5 mil) was obtained. Ambient temperature dizlectric properties
of the cured perfluoroalkylenetriazine elastomer then were determined

using this film with the following results.

Dielectric constant at 1 kHg 1.8
Dissipation factor 0. 63 percent
Volume resistivity (ochm-cm at 500 vdc) 3x 10lz
Insulation resistance (ohm) 1 x 10M

These results indicate that perfluoroalkylenetriazine is an excellent
dielectric material.

Kapton polyimide T -peel specimens were completely transparent
and the adhesive interlayers were completely free of voids. Specimens
cured for 60 hours at 177°C (350°F) had better peel strengths than
those cured for 24 hours at this temperature. Higher temperature
cures (24 hours at 400°F) did not appear to provide additional
improvement.

Samples which were thermally aged fcr 4 hours at 600°F and
tested at 600°F had very low bond strengths, whereas samples aged for
1 hour at 800°F and tested at 800°F were significantly better, although
they could not be rated good.

Ambient temperature peel tests indicated that a cure period of
60 hours at 179°C (350°F) was significantly better than the Hooker
recommended 24-hour cure at thistemperature. However, itis possible
that the differences observed were due to a variation in the adhesive
thickness in the specimens. All specimens tested at 600°F after 4 hours
of aging at this temperature had lower bond strengths than the specimens
tested at ambient temperature. Samples which received the 800°F
1-hour post cure all showed "high" values of 0. 58 - 0. 84 pound/inch of
width, although their median values were in the range of 0. 18 to 0. 35

pound/inch. Results of these peel tests are shown in Table X.
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Subsequent tosts were conducted by preparing a solution of
perfluoroalkylenetriazine in m -bis(trifluoromethyl)benzene and adding
a solution of tetraphenyltin in ethyl acetate to provide a 5 percent by
weight catalyst composition similar to that used in the iacquer described
previously, Sheets of 5-mil Kaeton polyimide (ilm t} en were coated
with these solutions, and after drying they were bonder. together to
provide 2-ply laminates. These laminates (6 x 3 inchis) were cured
under a pressure of 3.6 psi using the following cure schedules.

Cure
Temperature
Specimen Time, Adhesive
Number Hours *F *C Trickness
A1 through AlO 64 350 177 0.740,1
Bl through BIO 124 350 177 0.8 20,1
2 through clO 240 350 177 0.6 20,1
L

After cure, four se Jlesfrom each of these groups were post~
cured at 600°F for time intervals ranging from 1/4 to 4 hwrs, :ll
were found to have developed interlayers full of voids; con-”q';-'. itly,
two temperature programmed postcure schedules were estabiished

" 2.t - RS I ) R B 3
for the remaining samples. ln one of

these new schedu
were sequentially postcured for 4 hour intervals at each of the
following tempereztures, 400°F, 450*F, 500°), 550°F, and 600°F.

No problems were encountered at 450°F or iLclow; however,
once the specimens reached 500°F gas bubbles formed in the adhcsive
interlayers, and significant reductions in the interlayer thicknesses
were noted, Degradation at 500°F and above o iously was

occurring.
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To study further methods of preventing void formation, a new
series of specimens way prepared and cured at 177°C (350°F) for
periods of 64, 120, 240, and 500 hours. Peel tests were then made
on l.inch wide strips of these specimens and the results are shown in
Figure 13. On the basis of these 1osts it appears that optimum peel
strengiths were achieved after approximately 250 hours of cure (at
350°F) and that deterioration of the adhesive bond vccurred thereafter,

-It is to be noted, however, that the sample that was cured for 500
hours was not prepared at the same time as the others and the possi-
bility exists that its reduced peel strength was a reflection of an

unrecognized parameter other than time, .

0.8 A__
& e

i

/

PEEL STRENGITH AT I9%,
FOUNDSINCH OF WIDTH

0.2 —

[ x 1L ) 1% 20 %0 300 % «% 4an =
CURE TIME (W, AT 35Y)

Figure 13. T-Peel Strengths of Perfluoroalkylenetriazine
Bonded {apton Polyimide Laminates

The relatively unsatisfactory adhesive performance of the tetra-
pPhenyltin cured perfluoroalkylenetriazine led us to search for an
alternate cure process. One approach to achieving this objective was
to synthesize terephthalonitriledioxide and evaluate it as a curing
agent. Its synthesis was achieved by the following sequence of

reactions.
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l t;
H—CO—C—H + NHZOH-HCl —— N=C—©-—é=N :
m ' ! 1
OH (II) OH
II-I I'-I Cl Cli
1;1=c-< )-c=1l\1 + NoOCI %:;r' N=JI—®—(':=N «
I I
OH OH OH {IiI) OH
}
Cl Cl 6
[ | CH,OH - %+ — 6+ 8-
T-C—O—C:T + (C2H5)3N E—— O*N=C—< />—C EN-0O
O OH (IV)
!
: 6- 6+ &+ 5 &+ 6- I - &+
O"N-C—@—C_:N—'O - O:N:C—O—C:N:O K
> !
L Terephthalonitriledioxide is 2 nonclassical meso-ionic compound
‘ . which can be considered as consisting of the three resonance hybrids
i shown abnve. When heated at 100°C for 24 hours the compound has been i - ,{
- : reported to homopolymerize as shown below.? A
i ~ - B
0 o ] o
‘ \
- , 4
No N_
100° - <
24 hours 4 | = | I
N—O O -—N
L 4n L <m *
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It has also been reportedthat, ina solution of dimethylformamide,

1 - polymerization of IV takes place at ambient temperature; however, the
H polymer is reported to have a structure different than that of the thermally
1 polymerized compound.
i
o
| - 10 1
F
x|
g 25°C Vi
¥ (Iv) — -—@—C C \;\>-c—- C ——
| dimethylformamide 1 I = Il I
| 20 hours N N N N
E ‘ /I \_/ I N/ N
i L O o B ¢ O O-m

The fact that IV is highly reactive and telomerizes readily accounts
; for the wide discrepancy in its published melting or decomposition

temperatures.

[ . Elemental analyses carried out on the terephthalonitriledioxide
prepared at Hughes have indicated that the compound was contaminated,
presumably with triethylammonium chloride, when first precipitated
from soluiion. The latter is formed as a co-reaction product in the
last step of the preparation, A single methanol wash failed to remove
this impurity and a 5-minute ice waier wash removed only a portion.
Warm methanol-water mixtures gave the highest purity products,

The best analysis results are shown below:

} Element C, percent H, percent N, percent |
Found 59. 05 2.91
Calc. for

t ) C8H4NZOZ 60, 00 2,52 17. 50
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Inadequately purified products were low in carbon (as low as 57, 20
percent), high in hydrogen (as high as 3. 86 percent), low in nitrogen
(8 low as 14, 4 percent), and contained 5 percent chlorine. * Impurities
did not appear to prevent the terephthalonitrile-N, N'-dioxide from func-
tioning asa curingagent, although they did appear to adversely effect
reaction rates.

Thermal stahility tests conducted on the purified terephthalonitrile-
N,N'.dioxide showed that it was explosive if heated suddenly above 140°C,
whereas, when heated slowly to 200°C, no detonation occurred. No
problems were encountered in utilizing solutions or polymer lacquers
containing this material,

Many experimenis were subsequently conductcd to establish the
efficacy with which the terephthalonitrile-N, N'-dioxide promoted cure.

In the first series of experiments, 2.5 g portions of perfluoro-
alkylenetriazine elastomer (Hooker Chemical Company 2572-16) were
dissolved in m-bis(trifluoromethyl)benzene {22 ml), and when complete
solution was achieved, a suspension of terephthalonitrile-N, N' -dioxide
(E2256-41) in an equivolume mixture of bis(trifluoromethyl)benzene and
ethyl acetate was added. The amount of terephthalonitrile-N, N' -dioxide
incorporated was sufficient to provide soluticns with 9.1, 4,8, and 2. 4
percent curing agent based on the elastomer. When these solutions were
heated for 3 Lours at 60 £ 10°C, the sample which contained 2, 4 percent
curing agent gelled to a tough clear solvent-filled gum, A similar
experiment in which the curing agent concentration was 1. 2 percent
also gelled completely in essentially the same time interval,

Five experiments then were carried out, each using 1 g of the
perfluoroalkylenetriazine per 10 ml of m-bis(trifluoromethyl)benzene.

A solution of terephthalonitrile-N, N' -dioxide in dicxane then was added
to each polymer solution. The curing agent concentrations were

0.5, 1.0, and 2. 0 perce.t based on elastomer. When heated for 8 hours

*
Analyses were conducted by the Elek Microanalytical Laboratory,
Torrance, California.
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at 70°C, none of these solutions gelled, andit is speculated that water
in the dioxane was responsible for this failure. ‘

All subsequent experiments were carried out using solutions of the
terephthalonitrile-N, N'-dioxide in bis(trifluoromethyl)benzene-ethyl
acetate mixtures and in every case gelation was observed. Cures were
achieved with 0,25, 0.5, 1, 2, and 2. 3 percent terephthalonitrile-N,N'-
dioxide. In one experiment it was found that 4. 8 percent terephthalonitrile-
N, N'-dioxide failed to produce a cure in 3 hours at 60°C; however, when
this formulation was biended with an equivalent amount of fresh elastomer
to reduce the curing agent content to 2, 4 percent, gelation was achieved
after heating for 6 hours at 70°C and subsequently allowing the reaction
mixture to set over the weekend at ambient temperature, Other freshly .
prepared solutions containing 2. 3, 1.2, 0.5, and 0,25 percent curing

agent successfully gelled within ! to 2 hours at 70°C,

Other solutions similarly prepared contained 2. 4 and 1. 2 percent s

curing agent and formed a tough gel at ambient temperature when allowed

to set over the weekend. These tests evidenced the effectiveness of a l ' ]
second batch of terephthalonitrile-N, N'-dioxide. Two other experiments
were run at 50°C using 0.5 and 0, 25 percent curing agent. The former i
gelled within 2 hours and the latter 'within 3 hours. '

Thus, it has been observed that cures can be achieved with 0. 25 to
2.5 percent by weight of terephthalonitrile-N, N'-dioxide based on the
perfluorovalkylenetriazine elastomer, and that such cures can be achieved

at ambient temperaiure as weil as at 50 and 70°C.
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Studiec on terephthalonitrile-N, N'-dioxide cured perfluoro-
alkylenetriazine were continued to determine if improved adhesion to
Kapton polyimide could be achieved. Three types of treated Kapton
(5 mil thick film) were compared, namely, (1) chloroform washed,

(2) alumina (325 mesh)abraded, then chloroform washed, and (3)

sodium etched and acetone washed. T-peel specimens were cured at

(a) 50°C for 8 hours, (b) 50°C for 8 hours foilowed by 100°C for 4 hours,
or {(c) 138 hours at 75°C. Curing agent concentrations were also varied
and were 0, 25 percent, 0,5 percent, 1.0 percent and 2. 0 percent.
Regardless of the concentration or cure conditions, no major improve-
ments in adhesion were observed. Best results were achieved with

0. 25 percent and 0. 50 percent curing agent. Detailed results are shown

below, Peel tests were conducted at ambient temperature,

Kapton Cure Peel Strength
Sample Treatment Conditions 1bs/in

At 0, 25 percent curing agent

36B1 3 c 0. 11

At 0,5 percent curing agent

29A1 1 a 0. 05
29A2 ' 2 a 0.12
36-1 3 a 0.04
29A1 1 b .0.08
29A2 2 b 0.12
36-1 3 b 0.18
36Bz 3 c 0.11
42
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Kapton Cure Peel Strength
Sample Treatment Conditions ibs/in

At 1.0 percent curing agent

30B 1 1 a 0. 09
30B2 2 a 0. 08
36-2 T3 a 0. 06
30B1 1 b 0. 10
30B2 2 b 0.07
36-2 3 b 0.08
36B3 3 c 0.04

At 2,0 percent curing agent

34B1 1 a 0.03
34B2 2 a 0.03
36-3 3 a 0,05
34-B1 1 b 0.03
34-B: 2 b 0.07
36-3 3 [ 0. 09
36-B4 3 c 0.07
I_:".xperimental

Preparation of Terephthaldioxime (E2256-41). To a 3-liter round

bottom flask fitted with a stirrer were added terepbthalaldehyde (30 grams,
0. 224 mole), hydroxylamine hydrochloride (150 grams, 1. 76 moles)

and water (1000 ml). A 10 percent sodium h -droxide solution (1000 ml)
was added to this mixture, which'was stirred for s'evpral hours. At the
end of this time complete solution of the reactants was noted. The

dilute basic solution then was acidified with hydrochloric acid and this

precipitated the dioxime. After the dioxime was collected by filtration and
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air dried, it was recrystallized from ethanol to yield 24 grams of

! purified product, m, p. 207-208°C (65 percent yield).

i Preparation of Terephthalonitrile-N,N'-dioxide (E2246-42 and -43),
X The preparation of terephthalobis(hydroxamic acid chloride) is based
on the work of Rheinbolt, et al.> Thus, terephthaldioxime (20 g,

0. 122 mole) was dissolved in diethyl ether {500 ml used directly without
further purification). The solution was cooled to 0°C and gaseous
nitrosyl chloride was passed through the mixture for 1 hour. Then the

ether was removed immediately using a rotary evaporator, . The

solid residue was recrystallized from benzene. yielding 6 grams (24. 5)
' percent of theory) of terephthalobis{hydrexamic acid chloride). The
chloride then was dehydrochlorinated by dissolving it ia dry methanol
(70 g}, cooling the solution to 0°C, and adding dropwise a solution of
triethylamine (5. 08 grams) in methanol (16 g). Upon the addition of
this triethylamine solution a light tan product (5.0 grams) precipitated. !
This product was found to decompose when heated above 200°C, Analysis ‘
of this precipitate showed C, 58, 47 percent; N, 14, 39 percent; H, 3. 86
percent (theory G, 60. 00 percent; N, 17,50 percent; H, 2. 52 percent).

The above procedure was repeated using ether which had been
dried with calcium hydride., Thus, terephthaldioxims {(20.0 g)

; wasg dissolved in 500 ml of dry ether, and a stream of nitrosyl chloride

L gas was passed through the soluiion at 0°C for 1 hour. The ether then

was removed immediately from the reaction mixture by distillation, and

the yellow solid was recrystallized from benzene to give 6, 0 grams of i
product (m, p. 155-165°C). This chlorinated product subsequently was i
dehydrochlorinated to the terephthalonitriledioxide (4. 8 grams) using ‘

thie procedure described previously, The solid had the following

; analysis:

! -+4
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C, 57. 86 percent; H, 3. 30 percent; N, 14.87
percent; Cl, 4, 97 percent

Observed:

Calculated for
nitrile oxide:

C, 60,00 percent; H, 2.52 percent; N,

17, 50 percent

This analyseie is indicative that the terephthalonitriledioxide had occluded
tricthylamine hydrochloride., Washing with methanol did not appear to
remove any significant amounts of the triethylamine hydrochloride as
indicated by a second analysis (C, 57. 20 pcrcent; H, 3,47 percent). A
5-minute ice water wash produced a somewhat bstter product {(C, 58, 28
percent; H, 3. 09 percent) and indicated that a prolonged wash would be
desirable. A subsequent wash in a warm methanol-water mixture (25
percent methanol) yielded a purified product having 59. 05 percent carbon
and 2. 91 percent hydrogen.

C. SILICONE CARBORANE

Silicone carborane elastomers currently are under development at
Olin Mathieson Chemical Corporation and are available in very limited
quantities at a cost of approximately $100 per pound. One of these

elastomers, Dexsil 202, has the structure shown below

1 T 1 - -
[ (|:H3 (|:H3 ‘l:aHs (I:Hs
1 e e y .
S'x CB,oH, (C slx 0 six o si o
| R
CH, CH, C H, C\O/C CH=CH,
1 1L j | BioMio ]
1.0 1.0 0. 003

This elastomer reportedly can be cured with perozide catalysts, although
very little success was achieved at Hughes using the manufacturer's
recommended procedures. The material does cure, however, by pro-
longed heating above 200°C with or without a catalyst; consequently,
extensive thermal cures have been relied upon in Hughes studies even

when peroxide catalysts were incorporated. It is of interest to note that
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benzoic acid also is reported to promote cure, This {s particulurly
significant because benzoyl peroxide, the manufacturer's recommended

catalyst, produces benzoic acid as one of its breakdewn preducte,

@(CO) 00 (CO) @ L 20- co?_-—RE-w) - CO.H +QH + co?_O

Optimum high temperaturc oxidation resistance ie reportedly
obtained from Dexsil 202 when it i8 compounded with ferric oxide, and
this compound thus has been used as a filler in many of the formulations
prepared for this study.

Preliminary cure studies were performed ona 10g samp.e of
Dexsil 202 (lot no. X-180) that remained from a prior program. The
history of this sample indicated that it did not cure to a solid state under
the conditions initially recommended by Olin Chemicals. This sample
was divided into three equal quantities, which were then used in subsequent
formulations in an effort to establish a satistactory cure proceés.

In contacts with Olin Chemicals it was learned that Dexsil 202
cures at 600°F without the addition of catalyst or uaccelerator
and at 300°F if titonium dioxide is compounded into the polymer. In the .
first few cxperiments there was no indication that cure proceeded below
600°}; cven with the peroxide catalysts. This initial cure study was per-
formed in order to compare the curing process of the uncatalyzed material,
the peroxide catalyzed matcrial, and tho tituniz filled, thermally cured
material.

The formulations used are as follows:

Parts by Weight

Dl. Dexsil 202 (83 percent in 120
methyl ethyl ketone)
Mapico Red No. 297 iron oxide 10
{Columbian Carbon Co.) :
Min-U-Sil silica (5 micron) 80
(Pennsylvania Glass Sand Corp.)
Luperco CS1 (dichlorobenzoyl 2 .

peroxide) {(Wallace & Tiernan Inc.)
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Parts by Weight

D3, Dexsil 202 (83 percent in inethyl 120
cthyl ketone)
Mapico Red Nn, 297 iron oxide 10
itanox — TiO, (Titanium Pigment 200
orp. 2

D4. Dexsil 202 (83 percent in methyl
ethyl ketone)

The cure schedule for these formulations was:

Formulation *F/Hours Remarks
Dl. 165/1 To drive off the methyl ethyl
ketone sclvent
250/1 No polymerization
300/8 No polymerization
600/8 No polymerization
600/16 Materi: 1 sclidified to a flexi-
ble m. s
D3, 165/1 To remove solvent
300/0.5 No polymerization was noted

although Olin has reported
cures at this temperature

600/8 No polymerization
600/16 Material solidified to a flexi-
ble mass
D4 ‘ 16571 Solvent removal
600/8 No polymerization
600/16 No polymerization

It appeared from these data that under the conditions uiilized, a
catalyst cr accelerator was required to promote cure, Thus, a satis-
factory curing agent was not found which would polymerize the material
at temperatures substantially lower than 600°F,

Conversations with Olin Chemicals personnel indicated
that some of their customers have found that silica was a useful poly-
merization accelerator. Formulation D], hocwever, contained Min-U -Sil,

a silica, and nc promotion of the cure rate was observed,
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It was decided to evaluate the ecalant propertics of formulations
D1, D3, and D4, using the long term clevated tempe vature required to
cure the polymer, A parzllel effort was initiated to continue investigat- 1
ing techniques for decreasing the time-temperature relationship.

Once a larger sample of Dexsil 202 became availabla three formu-
letions were prepared i order to evaluate the T-peel strength of Dexsil
bonded Kapton f{ilm, These formulations were the same as those
described earlier as D1, D3, and D4. The three Dexsil 202 systems
were too viscous to apply by spraying so they were rcduced to a sprayable
viscosity using benzene as a thinner.

The formulations were applied to the Kapton substrates,and T-peel
panels werc formed and press cured at 100 psig and 350°F for 2 hours,
then 405°F for 2 hours, and finally at 600°F for 16 hours, In addition.

other T-peel panels were formed, then cured in a forced air oven, rather

than in a hydraulic press, wilh the sume cure times and temperatures.
Adhesion was too poor to warrant quantitative evaluation,

Since Dexsil had not provided gnod adhesion for Kapton film at

high temperatures in any case, an cffort was made to improve its adhesive |
properties. Several experiments were conducted in which dimethyldi-
chlorosilane and dimethyldiethoxysilane were used to treat the Kanton
film with the expectation of modifying the film surface and making it
more receptive to the Dexsil, Neither of these treatments functioned in
this capacity. Etching the Kapton film with sodium-napthtlalene-
tetrahydrofuran emulsion also failed to provide improved adhesion,
Subsequently an ""additive, ' Dexsil 176, was provided to Hughes
by an Olin representative. This additive reportedly could improve its
adhesive properties and reportedly was a mucn higher molecular weight
gilicone carborane. It was formulated with Dexsil 202 as recommended

and the formulation was as follows:

Dexsil 202 40 g :

Dexsil 176 10 g |

Fe203 0.5¢g j

HBO, 2.5¢g i

Luperco CST 0.5¢g 3

Xylene 100 ml !
48
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The peroxide v-as first dissolved in the xylene and then both Dexsils
werce added; Dexsil 176 did not dissolve. Thc suspension thus

was nct suitable for epray application, Ferric oxide and boric oxide
subsecqucntly werc added and the mixture was beated to near boiling for
3 hours in an cffort to dissolve the Dexsil 176,but to no avail, The
mixture then was concentrated to a viscous state and was blended on a
paint mill to achicve a more homogenecous mixture. The blended elastomer
was used to coat Kapton film in subscouent work,

Other Dexsil 202 formulations which wers tested are

49A -1 Dexsil 202 (100 pbw)
Mapico Red (Fe,0,) ( 10 pdbw)
Min-U-Sil (Si0;) ( 80 pbw)
Luperco CST { 2 pbw)
(50 percent 2,4-
dichlorobenzoyl peroxide)

49N -2 Dexsil 202 (100 pbw)
Mapico Red (k“cZOS) { 10 pow)
Min-U-8il (51’.02) (100 pbw)
luperco CST ( 2 pbw)

49A -3 Dexsil 202 (100 pbw)
Mapico Red ( 10 pbw)
Titanox (TiOZ) (100 pbw)

19 Dexsil 202 {100 pow)
Luperco_C_SI { 2 pbw)

Filled compositions were milled on a rubber mill and subsequently
diluted with benzene to achieve a sprayable consistency. Two-ply Kapton
laminates then were prepared and cured for 2 hours at 350°F, then for
4 hours at 425°F, and finally 16 hours at 600°F, Tensile peel test
results on these specimens are tabulated in Table XI.

These results show that Dexsil formulations generally provided
poor adhesion. The two best samples (49A2 and 494.3) in ambient temper-
ature tests showed median values ranging from 0. 03 to 0. 1 round per

inch with maxima of 0. 48 and 0, 76 pound per inch, respectively, Values
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¢ Tablz XI. Results of T-Peel Tests on Silicone Carborane
) . 1 yr . S . . .
- : (Dexsil 202) Bonded Kapion Polyimide Film
H
INTE Peel Teats, peunde per grch ROCTE Peel Trate, pounds per inc:
. Kajte Vinage! Axed . - Aped -
; ‘xl'l:n" 13K — Ko Uyl Aped
; (Substrare) ¢ honrs ¢ heurs ? houre ¢ heare
H Pesail 20y T ke aw at ooty a1 Hevtd . BEULLOTN
Tornmiation rele High | Medion] High [Medisn] 1hgh | Median| High | Median af Migh [ Medran
F— = —- Peiatior Sy ol e & . o -
FERVY 5 vl ORTE a, ¢y o, ¢l 1 - l A
v 4917 s o 48] oo [UNE] 0.0¢
4902 9 Ty Lol
498 El EAe DI Toee] o.o04 DGl G, 03 92.0] 0021 9,02 a2l 6,eg
498 un dimethyidichlaro % 181 0,05 1 0.0 ©og3 noga)l o 03 G D4 G.U5) U.us
=ane trrated K“I"“"

dropped to near zero in the 8U00°F tests, however, even without high
temperature aging.

Formulations which performed best at ambient temperature were

those filled with titenium dioxide (approximately 50 percent by weight)
: and ferric oxide (™5 percent by weight) or with silica (=47 percent by
weight) and ferric oxide (™5 percent by weight). Unfilied Dexsil pro-
'ded the poorest adhesion. The latter formulation was also used in

experiments with Kapton film pretreated with dimethyldichlorosilane,

v e e

dimethyldiethoxysilane or sodium etch. Not all of these specimens
were tested, however, because the adhesion often was too pcor to war-
rant quantitative evaluation. Improvements thus were not achieved as
a result of these pretreatments.

. : Several subsequent experiments were carried out in which additives,

i

{ which were incorporated into the Dexsil 202 silicone carborane formula-
: tions, were expected to improve adhesion. These additives included . 3
vinyltriethoxysilane (Union Carbide A-151) and y-methacryloxypropyl-
trimethoxysilane (Union Carbide A-174), Formulations that were pre-
pared follow:
1. Silicone carborane, Dexsil 202 11.9¢
Vinyltriethoxysilane, A-151 0.63 g
Fe,03, Mapico Red 297 1.25¢

3 Chlorobenzoyl peroxide, 0.25¢g
: Luperco CST

Si0,, Min-U-Sil ' 10,0 g

Benzene 50 ml

ios o s e e Eo ey cui oy
= Bl v

P
¥




- v EETT e e e B

SN R e e W S e - S e sem e

AFML-TR-69-111

2. Silicone carborane, I' _sil 202 11.9¢g
Methacryloxypropyl- .63 g
triethoxysilsne, A-174
Fc¢03, Mapico Red 297 1.25 ¢
Chlorobenzoyl peroxide, 0.25¢g
Luperco CST
Silica, Min-U-** 10,0 g
Benzene 50 m!

3. Dexsil 202 11, 1 g
A-151 0.6g
Mapico Red 297 l.z2g
TiO, Titanox 11.7¢
Benzene 50 ml

4, Dexsil 202 1l.1g
A-174 0.63 g
Mapico Red 297 l.2 g
Titanox . 1.7¢
Eenzene 50 ml

Dried Kapton polyimide sheets that had been pretrezted with sodium-
naphthalene-tetrahydrofuran emulsion wzre¢ subsequently spray coated
with these formulations and, after drying, two ply laminates were pre-
pared and cured at 316 °C (600°F) for 24 hours, None of these com-
positions provided adhesive bonds sufficiently strong to warrant quantita-
tive testing on the Instron,

Sheeted experimental Dexsil formulations of other types were
received from Olin for scrcening. These silicone carborane formulations
were referred to as elastomeric adhesives and contain Dexsil
151 and Dexsil 176. Their exact composition was not provided; however,
they undoubtedly contain HBO,; which is added to improve adhesion.
Furthermore, all of these composites except sample X-431 contained
Fe?_O3 as evidenced by their color,

The Dexsil sheets subsequently were rolled on a small hand mill to

a thickness of 10 to 12 mils and then were used to bond together tae plies

of sodium etched Kapton film, The 2-ply laminates then were placed under

a pressure of 5 psi and heated sequentially for 10 minutes at 38°C, 15
minutes at 150°C, 2 hours at 260°C, and 16 hours at 315°C. This cure

schedule was recemmended by the Olin Chemicals
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x represeatative, Much of the clastemer squeezed out in this process; con- ;
g sequently, the adhesive imerlayers were much thinner than the initial 10

; to 12 mils,as noted in Table XII[, T-peel teste were conducted on the cured M
; laminates and the results are also shown in Table XII. The data is com- '
! pared to the results of tests on a laminate obtained from Olin (¥-430), It .

‘ should be noted thattheOlinprepared specimenhad 1321 mils of adhesive

; (between two plys of 1 mil Kapton) whercag our specimens had 1 to 2 mils of ‘1

adhesive (between plys of 5 mil Kapton). The much thinner adhesive inter-

‘ layers were coasidered essential for practical commercial anplication,

Table XII. Peel Strengths of Various Silicone Carborane
Bonded Kapton Polyimide Films

400°F (20°°C),
1bs/in of width

73%F (23°C),

are A Adhesive
lbs/in of width Apparent pparent esive

Maode of Maoae of Thickness,

i . il LB
Failure High Low Median Fuailure m.ls

— =7
X-430 0.99 0. 85 0. 92 Adhesive 13 %]

High Low | Median

X-417A] 0.24 0.01 0.08 Adhesive | 0.17 0.08 0.1z Cuhes:ive 1

X-4178B - - Nil Adhesive - - Nil Adhesive 1

X-417C| 0.03 0.02 0.02 Adhesive ] 0.03 | 0.02 0.02 Cchesive 1

‘ X-417D] 0.03 0.0l 0.02 Adhesive| 0.02 | 0.0! 0.0} Adhesive | 2 %1

1 —_—

i X-431 0. 05 0.0} 0.03 Adhesive | 0. 02 | €. 01 0.0l Cubz=sive 1 1.5#%0.5
t

1t will be noted that at 40G*} three uf the specimens appeared to exhibit cohesive failure
rather than adhesive failure whereas at 73°F the failure was adhesive 1n 21l cases.

. 5 Dielectric properties of the silicone carboranes were very good at ﬁ

i ambient temperature, and are shown in Table XVII,

In summary it has been found that silicone carboraney, namely i
i
1 Dexsil 202, Dexsil 176, and Dexsil 151, are poor adhesives for Kapton
P polyimide film even when the film surfaces are abraded or sodium etched,

o Silane type additives failed to improve adhesion. In a few cases adhesiou

was ''satisfactory' at ambient temperature, but failed almost completely

at temperatures of 200°C or above,
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D, BISBENZ/IMIDAZOLEBENZOPHENANTHROLINE (BBB)

Bisbruzirridazolcbenzophenanthroline resin(M-BBB-2, 62 g) was
obtained fron: Dr. Van Deusen of the AFML Pelymer Branch, The

polymer reportedly has the following structure

N\'\\ I
\/U\Nf “

C
I Nn
. O
n

Its synthesis it accomplished by reacting 3, 3'-diaminobenuzidine with
1, 4, 5, 8-naphthalenetetracarboxylic dianhydride in pulyphusphoric scid,
Polymer used in this study had an inherent viscosity of 2. 0, and conse-
quently it was rather high in molecular weight.

Two pulyrner specimens (3/4 inch diameter x 1/4 inch thick) were
molded at a pressure of 40, 000 psi. Moulding temperatures were 425°C
(BO0°F) and 454°C (850°F), although unly the latter temperature produced
a satisfactory looking specimen. Attempts to mold a satisfactory speci-
men at 40, 060 psi and 370°C (700°F) were unsuccessful,as were attempts
tuv mold at 825°F and only 8000 psi.

The bigh pressures and temperatures required for molding would
almost certainly eliminate this resin as a potential extrudable coating
for electrical wire. Significantly lower molecular weight polymer would
be needed if extrusion were to be a feasible processing technique.

Dielectric prupcsties of the molded peilets were measured and
are shown in Table XIIi.

Sample 1 was molded at 454°C and sample 2 was the same molded
specimen after heating for 24 hours at 100°C and subgequently cooling.
Sample 3 was the specimen which was molded at 425°C. The dielectric
constants and dissipatiuon factors were very high and the insulation
resistance and volume resistivity were relatively low. Although the

insulation resistance and volume resistivity are not low enough to
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Table Xill,  Diclectric Projpertias of
Molded BBB Pcollets

v omr e e

: — 1
; ] Insulati Dieleciric | Dissipation Volume
? . n:,‘g _“w“‘ Counstant at Factor at Resistivity
Sample | Resistance g oy | ) KMz and | 500 vde-60 sec X
at 25°C-ohms 25" C 25°CG percent ohm-cm

i

) 1.8 x 100 13. 8 23,1 5.4 x 10'°

2 2 x 1010 20.4 23.3 1.4 » 10M!

3 2.3 x 101 19.4 21, . 1.4 x 101!

eliminate BBB resin as a potential clectrical insulation material, the
high dielectric vonstant and dissipation factors would be restrictive,
It is important 1o note, however, that the relatively unsatisfactury

electrical propertics of BBB may not be characteristic of the resin per

se, This polymer is synthesized in polyphosphoric acid and thus it is
quite possitle that it cuntains a trace of residual acid in spite of the
precautions taken to remove it in its entirety. This would drastically
affect its electrical properties.
Efforts also were made to produce BBB {ilms. In these experi- .
i ments the polymer was dissolved in concentrated sulfuric acid to give

a 4-5 percent by weight solution, The suspension wag stirred for 2 days

until svlutivn was complete. Glass squares coated with this solution
i were subsequently inunersed into diluted sulfuric acid (25, 50, or 75
percent by volume) in an effort to precipitate the polymer in {ilm form.

The following immersion sequence was used,

Sample
b 75 percent acid 50 percent acid 25 percent acid water rinse
i hour 30 minutes 90 minutes 3 hours
2 50 percent acid 25 percent acid  water rinse
2 haours 30 minutes 3 hours .
] ) 3 25 percent acid water rinse
1 hour 16 hours
54
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Each of these immersion sequences resulted in the formation of
BBB filinys which readily pecled off the glass substrate, . Furthermore,
these films were relatively tough although they shranka great ueel when
dricd. Although no attempt was made to carry out an alkali leach, such
a treatment would be necessary to re.. “ve residual acid. A process of
this type appears to be fecasible for preparing BBB filins., Such films
could be vricented upon completion of the washing processes and such
orientation would probably be necessary to obtain optimum physical
properlies.

Additional work on BBB {ilms has not been carried out primarily
because such [ilims would still require a sealant in order to make them

useful as wirz insulaticn materials.

E, POLYPHENYLENE

Polyphenylenes developed at Hughes Aircraft Company during the
past five years are one of the classes of materials which warranted
evaluation as poteuntial high temperature wire insulation, These thermo-
sctting polymers fall into two classcs, namely, the xylylene glycol cured

volymers and the aryl polysulfonyl chloride cured polymers. Structures

of Loth types are illustrated below:

n

Sozcx_Jm

Type 1 Type 1l

The first type has been scaled up to a 50 pound/lot pilot plant under
a Manufacturing Technology Division sponsvred program cunducted

Jointly by Hughes Aircraft Company and Allied Chemical Company. Type

I resins have been designated Abchar 412, 413, and 414 depending
upon the polyphenylene: xylyiene glycol weight ratio.

55
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Type U resine are designated Abchar 912 and 913 also depending

upon the polyphenylene: curing agent weight ratio, Type 1 resine,
not itlustrated, are cured with 4, 4'-biphenyldigulfony! chloride and are

designated Abchar 1112 and 1113,

Folyphenylene studics reported herein were Limited to the Type ]

resins and buth Abchar 412 and 414 woere examined. Nine chloroform

lacquers were preparcd, These consisted ofd

1. Abtchar 412

2. Abchar 412 whercein 5 percent of the pulyphenylene was
replaced by polyshenylene uxide

3, Abchar 412 wherein 10 percent of the polyphenylene was
replaced by polyphenylene oxide

4. Abchar 412 wherein 20 percent of the polyphenylene was
replaced by polyphenylene ovxide

%. Abchar 412 wherein 30 percent of the polyphenylene was
replaced by pelyphenylene oxide

6. Abchar 412 wherein 5 percent of the polyphenylene was
replaced by polystyrene

7. Abchar 412 whercein 10 percent of the polyphenylene was
replaced by pulystyrene _

8. Abchar 412 wherein 20 percent of the polyphenylene was
replaced by polystyrene

9. Abchar 414

Abchar 412 prepolymer contains two parts by weight of branched
fusible polyphenylene having a nmielting range of 160° to 220°C and a
mmean molecular weight of 900 # 100 per part of xylylene glycol, whereas
Abchar 414 contains four parts by weight of this fusible polyphenylene
per part of xylylene glycol. In blends with polyphenylene oxide or
polystyrene, the percentage of the latter was based only on the poly-
phenylene fraction and not on the total polyphenylene-xylylene glycol
portion. Percentages, based on the blended resin, would be lower,

The polyphenylere oxide and polystyrene were added in simall quantities,
hopefully to provide improved {ilmi forming characteristics. Further-
more, the polyphenylene oxide and polystyrene copolymerize with the

polyphenylene and thus are not presert as plasticizers,
56
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All of the pulyphenylone lacquuers were aprayad onto abraded

Kapton polyimide filim for cvaluation using a Yarsche air brush,
pton poly 8

Cuated substrates then were air driced for approximately 4 hours
at 125°F and T -peei specimens were formed by taking two of the coated
substrawes and bonding them with vace cooted surfaces together, A
3-inch length of cach substrate was allowed to remain uncuated in order
to leave an arca which could be gripped by the jaws of the Instron
Universal Testing Instrument,

T-peel specimens were then placed between glases cloth reinforced
silicone rubber slip sheets and placed between the preheated platens of
a hydraulic press at 350°F. A pressure of 100 psig was applied to the
substrates and this pressure »ud temperature were maintained for
2 hours. Keeping the pressure at 100 poig, the temperature was
increased to 350°F and maintained for 2 hours, then increased to 600*F
and maintained for 16 hours. Ieaters on the platens were then turned
off and the laminated T-pecel panels were left under pressure in the press
until the temperatures returned to 100°F, At this point the T -puel panels
were removed from the press, cut into stripe 1 inch wide by 12 inches
long, and submitted to the mechanical test laboratory {or the determina-
tivn of T=-puel strengths., Results of these tests are shown in Table XIV.

Abchar 414 e¢xhibited much puvorer adhesion than Abchar 412 at
both ambient and eclevated temperatures. The former adhered better at
800°F than at 70*F which may have indicated {fuirther resin advancement
at BOO° k',

Abchar 412 exhibited the highest measurable peel strength of all
resins tested at B0O0°F, This value dropped drastically with thermal
aging, however, Efforts were also made tu provide greater toughness
to the polyphenylene by incorporating polyphenylene oxide or polystyrene.
With both polystyrene and polyphenylene oxide there was an immediate
deterioration in adhesion both at ambient and high temperatures, as

shown on page 59.
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Table XIV.

Kesults of T-Feel Tests on Polyphenylene (Abchar 412)

Bonded Kapton Laminates

Peel Strength, . .
1b/in width Kapton Film
Sample Thickness,
Number] Initial | High Low | Median mils Remarks
at 75° F
-1 - 1.84 — - 5 No peel—substrate
failed tirst
-2 0.305)0.550| 0.200| 0.30C 3
-3 C.37210.248,;0.120| 0.175 3
-4 0.300 |0.680;0.265] 0.450 3
-5 0.435 | 0.855;0.365| 0.475 2
-6 £.37510.89510 405 0.600 3
laverage| 0.358 [0.845]0.271{ 0.400
at 500° F
-1 1.02 5 No peel—substrate
failed first
-2 1.88 5
-3 2.04 5
-5 1.02 5 "
-4 1.0z 3 "
!
i-6 1.76 3
3 mil 1.39
average
5 mil 1.49
averagel
58
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Median Values

At 70°F At 800°F
‘_x}ir;lx_a_r_q_l_z' 0.02 0. 30
Abrchar 412 Exceeds 2.9

Substrate

Strength
Abchar 412 4+ 5 percent polystyrenc 0.84 1.5
Abchar 412 4+ 10 percent polystyrene 0.17 0. 44
Abchar 412 + 20 percent polystyrene 0.17 0.10
Abchar 412 + 5 percent polyphenylene oxide C. 17 0,21
Abchar 412 + 10 percent polyphenvylene oxide n0.21 0.18
Abchar 412 + 20 percent polyphenylene oxide 0.18 0
Abchar 412 + 30 percent polyphenylenc oxide 6.21 0

It is neteworthy that 5 percent polystyrene did not have as deleterious
an effect as the addition of 5 percent polyphenylene oxide, although hoth
additives reduced the adhesive bond strengths significantly.

The excellent adhesive bond strength of polyphenvlene (Abchar 412)
observed at 800°F was not observed after thermal aging for 2 hours at

either 6C0 or 800°F 2: shown below:

Median Values Median Values
Tested at 70°F Tested at 800°F
After 2 hours Aster 2 hours After 2 hours After 2 hours
at 600°F at 800°F at 600°F at 80C°F
0.25 0. I5 0.14 0. 19
rmmanms

Dielectric tests conducted at ambient temperature on cured poly-
phenylene (Abchar 412) showed a dielectric constant between 2. 5 and
2.9, an insulation resistance of over 1013 ohms and a volume resistivity
of over 1013 ohm-cm= and a dissipation factor of less than 1 percent.

This data is shown in more detail in Table XVII,
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Thus, although Abchar 412 has good dielectric properties at
E ambient temperature and good adhesion at 830°F, its loss of adhesion
under high temperature aging reduces its potential value as a wire

insulation, Further work is required to resolve this problem,

F. POLYIMIDES

Two types of polyimide, namely, Pyralin 4701 (E.I, du Pont

de Nemours & Co.), and Thermadite 17 (Marmco Materials Division,

b et it i~

polymer has the same structure as that of Kapton film when properly

cured and this structure is shown below:

O o]
. : il ] .
i /C N c\
' ~c c”
} ) I I
! e o]
| ' n

I The structure of Thermadite 17 cannot be specified with certainty;

: however, itis analogous to the Pyralin 4701 polyimide.
E o A third polyimide precursor, Skykond 700 (Monsanto Co.),

is believed to have the structure shown below, derived from

benzophenonetetracarboxylic dianhydride and diaminodiphenyl oxide.

- { o o 9 i

i ; K |

Co N\ l l N—< >—O —
i f O (o]

This latter resin was not evaluated during the course of our investigation

.
o -———- e

since it was expect:d to be similar to the other polyimides in outgassing,

moisture sensitivity, and adhesion,

60
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Whittaker Corp. ), were evaluated during this period. Both prepolymers

i are polyamic acids which yield polyimides when cured. The Pyralin 4701
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As reccived, Pyralin 4701 was too viscous to apply to the Kapton
polyimide film by spraying; therefore, it was reduced to a sprayable
viscosity using the manufacturer's recommended golvent system, namely,
two parts by volume of freshly distilled N-methylpyrrolidone to one part
of xylene. The sprayable solution contained 18 g of Pyralin 4701
prepnolymer per 42 ml of solvent,

This candidate sealant was sprayed onto the Kapton polyimide
substrates (6 inches by 12 inches by 5mils)and T -peel panels were
formed and press cured at 100 psig in accordance with the procedure
previously described for the polyphenylenes. Subsequent T-peel tests
conducted on 1 inch by 12 inch laminates at temperatures up to 800°F
showed that the adhesive bond strength was sufficiently yreat that failure
did not occur prior to the failure of the Kapton substrate.

The second type of polyimide prepolymer, Thermadite 17,

was also rated as a good prospective candidate sealant since prior

Hughes work had indicated that this material was a promising high
temperature adhesive for bonding Xapton polyimide filn: in another
application, This prepolymer was satisfactory for spraying as received,
and was applied in this manner to the abraded sheets of film.

T -peel panels were then formed and press cured at 100 psig as previously
described. Tests conducted at temperaturss up to 500°F showed that

the adhesive bond strength of this polyimide also equalled or exceeded

the cohesive bond strength of the Kapton film.

Thermadite 17 and Pyralin 4701 are sold as uncyclized polyamic

acid prepolymers containing both amide and carboxylic acid groups.
The Pyralin 4701 is derived from pyromellitic dianhydride and

4, 4'-diaminodiphenyloxide and has the following structure prior to cure.

prepolymer
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During cure, water is liberated and the polyimide is formed. The
cured resin properties depend to a high dcgree on the efficiency with
which the water can be eliminated, and the degree of success which one
achieves in preventing void formation.

The large amount of water vapor evolved during cure constitutes
the major probler: in the utilization of polyimides as secalants, Lami-
nates made from these resins invariably contain a large percentage of
voids because the gaseous condensation products cannot escape
completely during cure. Consequently, laminates having completely
void free adhesive interlayers were not achieved.

Both polyimides exhibited excellent adhesion ror Kapton film at
ambient temperature as well as temperatures as high as 800°F,
Furthermore, in most cases polyimide bonded specimens failed in the
substrate rather than in the adhesive bond, although in several cascs one
of a set of triplicate samples in a set was observed to peel. In 800°F
tesis, this was primarily due to embrittlement and oxidative degradation of
the Kapton polyimide substrate, whereas the adhesive interlayer was
relatively proiected from exposure to air and thus was subjected
Primarily to thermal degradation alone during the brief test period.

Dielectric properties of Pyralin 4701 are reported to Be the same as
those of Kapton polyimide film, since the former is the precursor or
prepolymer of Kapton; however, the adhesive must be cured completely
if comparable properties are, in fact, to be achieved.

T -peel strengths of various polyimide bonded Kapton laminates
(2-ply) were determined using both 3-mil and 5-mil thick Kapton
films. Tests were conducted at ambient temperature as well as at
500°, 600°, and 800°F. The Kapton substrates were initially 6 inches
by 12 inches and the tests were conducted in accordance with ASTM test
method D1876-61T. Substrates were prepared either by wet-scrubbing
their surfaces with a éponge and industrial grade Ajax cleanser or were
etched in a sodium-tetrahydrofuran emulsion. Following thorough
scrubbing, substrates were rinsedintapwater, then in deionized water,
and examined for a water break-free surface. Those panels exhibiting

water breaks were recycled through the cleaning process until they
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were water break-free, Substrates were then dried in a forced air
oven for 16 hours at a minimum temperature of 400° F and were stored
in a forced air oven at 250° F until they were coated with the various
candidate scalants,

Test panels were cut into 1 inch by 6 inch strips in accordance
with the ASTM test method. An Instron Universal Testing Instrument
was used and the jaw separation rate was set at 10inches per minute,
A portable oven was used to determine T -peel strengths at 500°F, and
the radiant heat source on the Instron was used for measurements at
800° F, Results of tiie T -peel strength tests at 75°F and 500°F are

-presented in Table XV.

Table XV. T-Peel Strength of Polyimide Bonded Kapton

Peel Strength,
1bs/in
“HIGH" Kapton
F‘xim
Polyimide at 75°F | at 500°F|] Thickness Remarks
| ——

Thermadite 17| 1.49% | 0.19* 5 No peel — substrates
failed in all but one
specimen

Pyralin 4701 1. o1**| 0, 23%* 5 No peel — substrates
failed in all
specimens

#
Average of 5 results
*Average of 6 results

Tests were also perforn ~d at 315°C (600° F) and 427° C (800° F).
In the ambient temperature and 500° F tests, specimens received no
heat aging other than the normal post cure, These preliminary screen-

ing tests showed that at ambient temperature the Therinadite 17 and

Pyralin 4701 both formed bonds which were as strong as the Kapton
film. In subsequent tests, specimens were aged for 2 or 4 hours at
600° F or for | to 2 hours at 800°F, In the 800°F tests on unaged samn.ples,

failure invariably occurredinthe Kapton substrate rather thaninthe adhesive,
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On the basis of these tests it was evident that both of the polyimide
adhesives tested were goud high temperature adhesives for Kapton film;

however, since both the j.‘hermadite and Pyralin are polyimides cimilar

or analogous in chemical structure to Kapton itself, they could not be

expecied to provide improved moisture resistance if used as a sealant.
This fact,coupled with the fact that void-free adhesive interlayers cannot
be achieved readily (at pressures suitable for electrical wire insulation
wrapping) make the polyimides somewhat less attractive, Results of
pecl tests at 75°F and 800°F on thermally aged polyimide bonded
Kapton films are shown in Table XVI.

Table XVI. Results of Peel Tests on Thermally Aged
Polyimide Bonded Kapton

T
75°F ‘leats, pounds per inch 800" F Tcests, pounds per inch
Aged Aged
Kapton 2 Hours 2 Hours 2 Hours 2 Hours
Filn Unagea at 600°F at BOO' F Unayed at 600" ¥ at BOO' F
Thickness,

Sealant mils High| Median | High| Median| High| Median | High| Median High | Median | High | Median
Pyrelin 4701 L} = « © - » = 1,0 ® - - -
Thertmadite 17 L] - * & - 0.76| 0.40 0.60% * x ® 0.33] 0.21=
e ———
®Kapton substrate fuiled rather than «dhesive. In several cases pecl occurred on only one of the three samples

tested as indicated by both a peel value and «n asterisk,

G. POLYPHENYLSILANES

it has previcusly been demonstrated at Hughes that polyarylsilanes
such as tetrakis(biphenylyl)silane* and diphenylbis(biphenylyl)silane*
can be converted into thermosetting polymers by reaction with benzenetri-
sulfonyl chloride and other polysulfonyl halides. The reactions proceed

as follows:

Ar S Ar
| 0:¢1 -HC1, -S0, Are§
-u o—— —————. e Sje
ATowm SjemAr + 300-250°C |1 A
S C Ar
Ar CIOZ SO2 1 SO_Cl

2

*This compound was obtained from Dr. Leonard Spialter of the
Aeronautical Research Laboratory, Wright-Patterson AFB.
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L}
One sample of this type of polymer was prepared from an equi-

molar mixture of diphenylbis(biphenylyl)silane and tetrakis(bi, henylyl)

silane, and an analysis of the prepoiymer gave the following resuits:

73.28 percent C, 4,48 percent H, 3.74 percent Si, 9.49 percent C},

6. 95 percent SOZ (by difference), Kdn 1285

This analysis suggested the following structure:

§
Q

R

AL D AT

”
Cl

/

s0,C1

2 2

The Q_\bserved analysis corresponds to C92H67Si;ClZ’4(SOZC1)l‘6. which

may also be expressed C9ZH67Si2C14Sl 603 2 The structure

illustrated has the empirical formula

C96H665i2C13SZO4' m.w. 1509

The diference between the observed and theoretical analysis is

attributed to the authenticated loss of biphenyl during the reaction
(thus lowering the C and H content) and a partial loss of the romaining

502Cl groups., It ehould also be noted that some chlorination occurs
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- in the process. This resuits from the coupling of aryl and chloro

radicals during the 802 elimination process as illustratad below

£.¢-50,C1 —» Ar+ + 50, + Cl: — ArCl + 50, f

A sample of the polyphenylsilane dissolved in chlorofurm was
sprayed onto Kapton (5 mil) film, and sheets were then bonded together by
curing the polymer at 100 psig and 350°F for 2 hours, then 450°F
for 2 hours, and finally at 600°F for 16 hours.

Peel atrengths on these opecimens were too poor to warrant quanti-
tative testing. Consequently, a new batch of tetrakis(biphenylyl) silane
prepolymer was prepared. Thisbatchof prepolymer wasdivided into three
equal portions, and excess benzenetrisulfonyl chloride was added to
serve as 2 croselinking agent and hopefully to increase the molecular
weight of the cured resin by chain extension, To one portion 10 percent
by weight of additinnal benzenetrisulfonyl chloride was added (based on

the initial benzenetrisulfonyl chloride uged),to a second portion 20 percent

excess was added, and to the third portion 40 percent excess was added.

Kapton polyimide laminates prepared fron: the blended re sins
were cured at 260°C (500°F) for 16 hours. However, bond strength of
these laminates was also too low to warrant quantitative testing. Too
little is known about the polymer synthesis procedure to permit the
selection of proper cure conditions, and it is quite apparent that the
synthasis process must be studied more comprehensively before the
polyphenylsilanes can be evaluated properly. It is quite possible that
the polyphenylsilane adhesive interlayer simply was too thin or that

ioo large an excess of benzenetrisulfonyl chloride had been used,

Experimental

102813-51). A solution of 1, 3, 5-benzenetrisulfonyl c}doride (7.5 g,
0. 02 mole) and tetrakis(biphenylyl)silane (12.8 g, 0.02 mole) in
chloroform (100 ml) was heated at reflux for about 16 hours. Solvent
then was removed and the reactants were heated,under argon, from
205 to 245°C over a 70 minute pcriod, then at 210° % 10°C for 7 hours,
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and finally at 230’ & 5°C for 8 hours. The polymeric product weighed
12,3 g. Biphenyl (0.6 g) sublimed from the reuction mixturc.

(C28:3-51). A solution of tetrakis(biphenylyl)silane (14.1 g, 0.022
mole), diphenylbiphenylylsilane (3.9 g, 0, 008 mole), and benzenetri-
sulfonylchloride (11.2 g, 0. 03 mole) in chloroform (150 ml) was
heated at reflux for 16 hours and then the solvent was removed under
vacun:n, The dried reactants were heated to 235 &£ 5°C and stirred
continually under argon for 24-3/4 hours. The polymer weighed 16,3 g
and the sublimed biphenyl weighed 0. & g,

e e e e L e 1t il am

13, CARBORANE MODIFIED POLYBENZIMIDAZOLE

A sample of carborane modified polybenzimidazole prepared at the
Thiokol Chemical Corp, was obtained from AFML as a 2 perceant
solids lrcquer. This lacquer was applied to clean Kapton
polyimide film by spraying. Coated specimens then were bonded

together to yield T-peel sandwiches which were press cured at 100 psi

in accordance with the schedule described for the polyphenylenes
elsewhere in this report,
This polym.r has been reported to be highly superior to conven- *::
tional polybenzimidazole in thermal degradation studies conducted in L
air at temmperatures over 500°C. .
Its structure may be illustrated as follo s: %
\ .
\N: : j :
H,
IOHIOCH CBmHmCH4
k-
"4
The cured T -peel specimens prepared as described exhibited very
poor adhesion, However, this may be due to a resin deficiency since {

very little polymer was available for evaluation. Furthermore, too
little material was available to permit subsequent experiments and an

investigation of suitable cure procedures,

67




o — —

AFML-TR-69-111

{. POLYXYLYLENE

Polyxylylene is a pulymer derived {rom xylylene glycol. A
telomeric precursor of this compound is the iutermediate vsed in
curing Abchar 412 type polypheunylenes. Polyxylylene is prepared by

the reaction of xylylene glycol with toluenesulfonic acid, as illustratec

ao-cnz-O.cuzoa + HSCO—SOSH

CHC-l‘3 1 64°C

H3C0-3020 -(CHZO-CHZ-O ’» SOZ-{>-CH3 telumer

’ 150-200°C

CH CH
z m Zﬁ cured
polymer
-~
CH, CH,
n

‘The prepolymer was evaluated as an adhesive because its relative

below:

stability in cured polyphenylenes suggested that it might have good high
temperature properties by itself.

Dielectric properties were not measured on the resin becauee it
failed to exhibit useful adhesive properties at either ambient temperature

" or 800°F. Results of T-peel tests on polyxylylene bonded Kapton

polyimide film are shown below:
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¢ 800°F Posl Teota,
T0° ¥ Puel Tests, pounde per inch pounde per inch
Aged od
L)
Kapton 2 Houre 2 Hour e 2 Hours 2 Hours
Film Uneged at 600°F at 900°' W at 600°rF at 800°F
thicknecs -
Realart miln High MCdl.ﬂ[\ h | Median | High| Median | High | Median h ! Medisw

Pulyxylylene 0.04 0.27] 0.20 0.22] 0.1} 0.17] 0.C8 0.07] 0.04
-
L ]
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I, ELECTRICAL PROVERTIES MEASUREMIINTS

Py e g e

Electirical propertices of the vurious high temperature polymere

investigated heremn are sununarized in Table XVIL Date on pulyphenylear
{Abchar 412, Hughes Airceraft Company), "Pyrrone” resin {type I, Hughes
Adrcraft Company), bisbenzimidazolebensophenanthroline (BBB, AFML
Po!ymer Branch) and perfluorealkylenctriazine (Hooker Chemical Co, )
were determined at Hughes, whercas the propertics of "Pyrrone” resin
(types [T and [11) were obtained from NASA Laugley, and the propertics

of periluoroalkylenetriazine (Dow Corning), Kapton polyimide (du Pont),
Dexsil 202 (silicone carborane, Olin Chemicals) and Pzrulin 4701
{polyimide prepolymer, du Pon!) were collected {rom AFML reports,
from manufacturer' & data sheets, or verbally {rom manufscturer’s
representatives. Pyralin is a prepolymer which cures to a polyimide having

the same structure as Kapton film, and conscquently its diclectric prop-

erties are reportedly the some as those of Kapton film.provided, of course,
E .o that complete cure is achieved. Wheo used as an adhesive for Kepton
filmi, water of condensuation cannot necessarily be removed completely,

; . and consequently the dielectric properties of the interlayer can be inferior
to the Kapton film itself.

Standard ASTM procedures were used in all tests carried out at
Huzhes. Hewever, the recommended sample sizes could not be used in
& few cases. Dielectric constants and dissipation factors were deter-
mined by ASTM procedure D150, For these tests  1.9-inch diumeter by
1/B-inch thick specimens are recommended and such samples were used
for the 'Pyrrone’ resin., BBB resin cnuld not be molded to this size because
of the combined high temperature (454°C, 840° F) and high pressure
{40, 000 pri) required; consequently, a 3/4-inch diameter by 1/4-inch
thick specimen was tested, Insulation resistance and volume resistivity
were deternuned by ASTA! procedure D257

A comparison of the diclectric property data indicates that BBB

resin had the poorest diclectric properties of any of the materials studied,
R As noted in the discussion of the BEB resin this may not be character-

istic of the resin per s¢, but may be an indication that the reein was
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Table XVII. Electrical Properties of Various Polymers

Pol lnsu:a:'ion )Rosi;)lgnce Vol:umv Re:i:sti.v(i:ly Dielectric | Dielectric Power FI::::::P“Z?:\C
olymer ohms) at ohm cm at ¢ . St th ‘Factor ’
vde -25°C 500 vdc Constant 25°C reng acto Percent
Polyphenylenc >1013 >10l3 2.5t02.9 at 0.1t 0.7
{(Abchar 412) 1 kHz
ﬂuggc: Kircraft
Company
se
! Pyrrone (Type 1% >10l3 1 x 10148 3.2%% 1.2
! this type was used .
i in the T-peel tests I
i
' Pyrrone (Type 11)* 1016 6.5 at 102 to |10bvolts/cm|0. 002 at
! (NASA -Langley) 105 Hz at 25°C 30 to0 150°C
i 104 Hz
Pyrrone (Type 2.3 at 20 to 0.002 at
anes (NasA- 300° C 10¢ 20 10 140°C
: Langley) to 105 Hz. 104 Bz |
{ M-BBB-2 2 x 100 1.4 x 10! 18 22 f
I {AFML-polymer |
; branch) R
! !
i %Fm film 1018 a¢ 25°¢C 3.6 at 25 to  |3000 volts/ 0.11t00.2at
. TBupont) 1037 at 100 C 300°C mil 25 to 25° to 200°C
: : 1014 a¢ 200°C ,200°C:1500
' i 1011 a¢ 300°C volts/mil at
e i {allat 125 volts) 300°C
-
: {
i; Perfluoroalkvlene-| 2 x 1013%%¢ 2,070 363 voits/mil 1,532
‘eeaazine (Type 1} (227 after !
! iDow Corming) 24 hours in I
H H,01 )
: |
 Perfluorcalkylene- 9 x 1013%2% 2.4%%% 433 voltamil 2. 0%
; trwzine {Type 11} (216 after
i {Dow Corming} 24 hours in
H,0!
Perfluoroalkylene- 3 x 1012 1 x 1014 1.8 0.6
triazine (Hooker
| Chemical Co. )
. 15 14 .
Silicone carborane Sx10 1.5 1500 volte/mil 0.6
{Dexsil 201) on 1 mil film
Polyimide 1018 3.6 3000 volts/ 0.1t00.2
{ (Pvralin 4701) mi! at
L 25 to 200° T

i

”'Thi- value probably is erroneous,

\ .UD-dved {rom pvromellitic dianhydride and diaminobenzidine.
..‘No significant change after 24 hours in water at 25°C.

’Derived from benzophenonctetracarboxylic dianhydride and 3, 3' -diaminobenzidinc.

*Derived from tetraethyl ester of benzophenonetetracarboxylic acid and 3,3'-diaminobenzidine,

**No significant change after setting 1 days over water or after 60 hours (2-1/2 cycles) at a 95 percent relative
humidity and a temperature cyrle ranging from 75 to 160° F. '
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contaminated with atrace of phosphoric acid, the solvent used in its
synthesis. All other resins had volume resistivities over 1013 ohm-cm.

Dielectric constants of Dexsil silicone carborane (1.5) and
perfluoroalkylenetriazine (1.8} were exceptionally low. The latter value,
determined on the Hooker Chemical Co. polymer, is somewhat lower
than, but rather close to, that reported by the Dow Corning Corporation
on its type I perfluorozlkylenetriazine,

Dissipation factors (loss tangents) were lowest on polyphenylene
and Pyralin 4701 polyimide, although the Dexsil silicone carborane
and perfluoroalkylenetriazine were rather close. 'Pyrrone' resin (type I)
and the Dow Corning perfluoroalkylenetriazines were in the range of
1.2 to 1.5 percent,which is certainly within a useful range. Only the BBB
resin value was excessive,

Dielectric properties of"nyrone"— Kapton insulated wire depend
upon the processing conditions, and the reader should refer to the section
of this report which discusses '""Pyrrone' for wire data.

Three dielectric specimens were prepared from Epon 828 (Shell
Chemical Companyj and triethylenetétramine (10.7 percent by weight) in
order to determine the effect of sample size on properties. Samples were
cured 4 hours at 70°F, then postcured 2 hours at 165°F (74°C), This
data was desired to prov2 that sample size was not a significant variable

in our test fixture. Caly minor variations were found as shown in
Table XVIIL.
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Table XVIII,

Dielectric Properties ot an

Epoxy Rcsin Relative to Sample Size

L]

Speciimen Number and Size - ;
Property l 2 3 1‘
14" x 1" /4" % 1.9 | 0.075"x1.9" |
diameter diameter diameter l
|
Tested without greane or aluminum fotl coaling 1
Dielectric constant 3.96 89 3.96
Dissipation factor, percent 0.90 0,87 0.91
1
Insulation resistance, ohms | 5 x lOlZ 5 x lOlz 5 x lO12
Volume r=sistivity, ohms-cm| 4.28 x 1013 1.7 x lO14 4,68 x lO14
Coated each side of the specimen with aluminum foil - !%
Dielectric constant 3.89 3.92 4.00 %
| ]
Dissipation factor, percent 0.92 0.86 0.90 ‘
Insulation resistance, ohms 5x 1012 5 x 1012 5x lO12 v}
Volume resistivity, ohms-cm| 4.28 x 1013 [ 1.37x 10'% | 4.68x 10"
8 i
Coated with a film of silicone grease and aluminum {foil
Dielectric constant 3.96 3.92 4.04
Dissipation factor, percent 0.90 0. 86 0. 89 i
Insulation resistance, chms 5 x lO12 5 x lOl‘2 5x lO12 :
Volume resistivity, ohms-cm| 4.28 x 10!3| 1.37 x 1014 | 4.68x 104 i
:
3
m -
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