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ABSTRACT 

The purpose of this program was to develop high temperature 
resistant electrical insulation coatings for aerospace or hook-up wire 
for use on advanced high speed Air Force systems.    Perfluoroalkylene- 
triazine,   polybenzothiazole,  polyterphenyleneoxide,   silicone XR-4083, 
P13N polyimide,   polyimidazoquinazoline and two types of "pyrrone" 
polymers were investigated as potential electrical wire coatings.    All of 
these materials have good electrical properties at ambient temperature 
although zinc oxide filled polybenzothiazole has a high dissipation factor 
and the insulation resistance of perfluoroalkylenetriazine drops some- 
what more rapidly with increasing temperature than several of the other 
polymers.    Polyterphenyleneoxide had exceptionally good electrical 
properties but was too brittle to use as a wire insulation.    Polyimidazo- 
quinazoline was also too brittle.    All of these polymers were evaluated 
as adhesives for Kapton polyimide tape in an effort to utilize them in 
wrapped insulation.    In this respect the perfluoroalkylenetriazine,   poly- 
terphenyleneoxide and silicone XR-4083 were especially poor,  particu- 
larly at temperatures over 260oC (500oF).    Materials which failed to 
provide adequate adhesion for Kapton polyimide tape were evaluated as 
overcoats for "pyrrone" bonded Kapton insulation.    A large portion of 
the research effort was devoted to the study of HR-100 "pyrrone" and 
P13N polymide because these materials provided excellent adhesion for 
Kapton as well as excellent long term thermal stability and good dielec- 
tric properties.    It was determined that "pyrrone" (HR-100)-Kapton or 
P13N-Kapton combinations can provide useful wrapped insulations for 
multifilament connector wire which is to see temperatures of up to 
3710C (700oF). 
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SECTION I 

INTRODUCTION 

The operation of aircraft at speeds in excess of Mach 3 has 

resulted in markedly increased temperatures to which aircraft hook-up 

wires are exposed.    Temperatures around 550   F are commonly experi- 

enced on contemporary aircraft,  while temperatures up to 800  F and 

possibly higher will belxperienced in future hypersonic military air- 

craft.    These temperatures are considerably 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 mili- 

tary aircraft has a thin (3-mil maximum),  tough insulation and is 

procured against specification MIL-W-81381 "Wire,  Electric,   Polyimide 

Insulated,   Copper and Copper Alloy. "    The insulation on this wire is 

constructed from tapes that are composites of polyimide and FEP 

Teflon fluorocarbon polymer.    This wire has a continuous service 

temperature rating of only 392  F.    When subjected to temperatures 

slightly above 400  F (204 C),  the stresses generated exceed the 

yield strength of the FEP fluorocarbon sealant.    As a result the 

insulation loses its sealant properties,   and a general reduction in 

mechanical properties is observed.    Thus,   one way to improve the 

thermal threshold of hook-up wire would be to utilize a sealant that 

could be substituted for the FEP Teflon which has a service tempera- 

ture equal to or better than that of the polyimide substrate film alone. 

Many high temperature polymers that warranted evaluation as 

sealants in this program have been under development at laboratories 

throughout the country.    Polyimides,   silicone carborane (Dexsil) 

elastomers,   P13N polyimide,  polyphenylenes,   perfluoroalkylenetri- 

azines,   "pyrrones, " BBB resins,   polybenzothiazole,  poly(terphenylene 

oxide),   and polyimidazoquinazoline were selected as primary candidate 

sealants because of the high probability that they would meet the high 

temperature insulation requirementn.    Furthermore,   several of these 

polymers were 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 studies. 

i 
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SECTION II 

POLYMER EVALUATION 

1.    PERFLUOROALKYLENETRIAZINE 

Perfluoroalkylenetriazine was evaluated as an insulation both by 
itself and in a perfluoroalkylenetriazine overcoat for "pyrror?" (HR- 
100)-Kapton coated wire.  The perfluoroalkylenetriazine overcoated 
"pyrrone"-Kapton overcoating is discussed on pages 15,   18 - 20, and 
87  - 96. 

For this study a solution of tflrephthalonitrile N.N'-dioxide 

(0.26 gram) and perfluoroalkylenetriazine (20 grams) in a 1:1 mixture 

of bis (trifluoromethyl) benzene and ethyl acetate was prepared.    The 

solution was used to coat a 20 gage tinned copper wire.    The wires 

were then air dried and cured for 4 hours at 50  C.    Insulation 

thickness was 5-6 mils.  The insulation resistance    at 500 Vdc was 

measured between 7 50F and 600  F and the results are shown in 

Table I.    This data is graphically illustrated in Figure 1.    From this 

Table I.    Insulation Resistance of Perfluoroalkylenetriazine 

Temperature Insulation Resistance, Ohms 

oF oc 
Unsoaked 

Wire 
After 16 Hour Soak 

in Wetted Water 

75** 

75 

200 

300 

400 

500 

600 

23 

23 

93 

149 

204 

260 

316 

SxlO12 

3 x 109 

5 x lu 

3 x 108 

3 x 108 

Shorted 

2 x 109 

3xl012 

Shorted 

30 inch wires were used throughout this program. 
** 

Sample tested in water. 
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Figure 1.    Insulation  resistance of perfluoroalkylenetriazine 
insulated wire 

graph it is quite apparent that,   although perfluoroalkylenetriazine has 

excellent insulation resistance at ambient temperature,  its much 

lower insulation resistance at 93  C (200  F) or above,  and its total 

failure between 500° and 600  F indicated that this polymer was unsatis- 

factory insulation for use at temperatures above. 500-600  F.    Subse- 

quent tests,  however,  showed that total failure need not occur below 

600OF. 

Before it could be rejected,   however,   it was necessary to 

ascertain if the cure conditions were really adequate.    Consequently, 

several similar wires containing 1.3 percent curing agent were 



prepared with a 5 mil insulation thickness and these were cured as 

follows: 

16 hours at 50oC in air 

16 hours at 100oC in argon 

16 hours at 150oC in argon 

A second perfluoroalkylenetriazine  solution was prepared con- 

taining 20 grams of the perfluoroalkylenetriazine and 0.52 gram 

(2. 6 percent) terephthalonitrile N,  N'-dioxide,    Coated wires were 

again prepared having 5 mils of insulation and ther.e were cured under 

the same three cure conditions.   Insulation resistance measurements 
were then made over the temperature range of 23-427 C (75-800 F) 

and these data are presented in Table 11. 

It was quite evident from these subsequent tests that the 4 hour 

50oC cure initially used was not rufficient to provide cured polymer 

with optimum electrical properties.    The perfluoroalkylenetriazine 

containing 1.3 percent terephthalonitrile N, N'-dioxide shorted 

between 204 -260oC (400 -500oF) when it had the 16 hour cure at 50oC 

(1220F) but survived to 260 -3160C (500 -600oF) with the 16 hour 

150oC (302oF) cure. 

A somewhat similar situation existed with the triazines which 

contained 2.6 percent terephthalonitrile N, N-dioxide as the curing 

agent.   In this case the polymer cured for 16 hours at 50 C (122  F) 

survived to 260 -3160C (500 -600OF) and both polymers cured for 

16 hours at 100OC (2120F) or 16 hours at 150oC (302OF) survived to 

over 700OF. 
Thus,  it is apparent that as far as insulation resistance is con- 

cerned the perfluoroalkylenetriazine can withstand temperatures to 

371   C (700 F),  at which point its insulation resistance was about 
9 * 

10    ohms  , for short time intervals. 

Polymer with 2.6 percent curing agent exhibited optimum proper- 

ties when cured at 100 C (212 F) for 16 hours whereas that with 

1.3 percent curing agent required a cure at 150  C (302 F) for 16 hours. 

30 inch long wires, 



Table n.    Insulation Resistance of Perfluoroalkylenetriazine 
Insulated Wire 

Tempe rature Insu ation Resistance* Ohms 

oF 0C 
16 Hour 

50oC Cure 
16 Hour 

100oC Cure 
16 Hour 

150OC Cure 

1.3 percent Terephthalonitrile N.N'-Dioxide 

75 24 IxlO13 IxlO13 2xl013 

200 93 2xl010 3xl010 5xl010 

300 149 2 x 109 2 x 109 2 x 109 

400 204 Ix 108 2x 108 2x 108 

500 260 Shorted 1 x 108 8 x 107 

600 316 Shorted 7 x 107 

700 371 1 x 109 

800 427 Shorted 

2.6 percent Terephthalonitrile N,N'-Dioxide 

75 24 8xl012 IxlO13 2xl013 

200 93 IxlO10 2xl010 7xI010 

300 149 8x 108 1 x 109 3 x 109 

400 204 2 x 108 3x 108 3 x 108 

500 260 Ix 108 Ix 108 1 x 108 

600 316 Shorted 6 x 107 8x 107 

700 371 8 x 108 8x 108 

800 427 Shorted Shorted 

* 
30 inch lenj 5ths. 

6 



Results of these insulation resistance measurements are 

illustrated graphically in Figures 2 and 3.    All three of the wires which 

survived 600oF showed an increase in insulation resistance before 

failing.   No explanation for this phenomenon is obvious although it 

may be an effect of swelling. 

Moisture resistance of the perfluoroalkylenetriazine was 

appraised by investigating the effect of a 95 percent relative humidity 

28 day 85  C (185  F) exposure on perfluoroalkylenetriazine overcoated 

"pyrrone" (HR-100)-Kapton wires.    Results of these tests are dis- 

cussed in the section on wire evaluation (pages 87 - 95). 

Thermal soak tests were also conducted on samples of 

perfluoroalkylenetriazine overcoated "pyrrone'^HR-100)-Kapton insu- 

lated wires.    For these tests the wires were tightly wrapped in alumi- 

num foil and placed in an oven and insulation resistance measurements 

were made periodically.    The soak temperature was 260oC (500oF) 

and the time was 120 hours.    Results of the test are shown in Table III. 

Table III.    Insulation Resistance of Perfluoroalkylenetriazine 
Overcoated "Pyrrone'^Kapton Insulated Wire 

as a Function of Thermal Aging 

Tempera- Insulation Resistance,  Ohms               | 
ture Time, 

hours 
30 inch lengths 

Perfluoroalkylenetriazine 
Overcoated "Pyrrone"-Kapton #56-3      | 0C OF 

24 75 -- 2xl012                                  j 

260 500 4 1x101° 

260 500 24 1 x IQlO                                  j 

260 500 76 2x1010                                  \ 

260 500 120 3x1010 

24 75* -- 2 x 1013 

*The second am 
of the thermal 

bient temp 
soak. 

erature test was run upon completion 

■ ■iw;i.—.p^ ■ 
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Figure 2.    Insulation resistance measurements on 
perfluoroalkylenetriazine coated wires —1.3 

percent terephthalonitrile N,   N'-dioxide 
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Figure 3,   Insulation resistance measurements on 
perfluoroalkylenetriazine coated wires — 2.6 

percent terephthalonitrile N, N1 -dioxide 



It was quite evident from these data that the triazine had good stability 

at 260oC (500OF). 

The polymer would have to exhibit much higher temperature 

stability than this before it could be rated as a good prospective insu- 

lation for the purposes of this program. 

2.    "PYRRONE" (HUGHES HR-100) 

"Pyrrone" resins generally are condensation products of aromatic 

tetracarboxylic acids or their anhydrides with aromatic tetraamines. 

However,  the specific "pyrrone" Hughes HR-100 used in studies 

described herein was derived from the tetraethyl ester of benzophenone- 

tetracarboxylic acid and 3, 3'-diaminobenzidine.  Results obtained with 

this polymer are not representative of those whicli would have been 

obtained from "pyrrone" resins derived from the free tetracarboxylic 

acids or the corresponding dianhydrides.  The conventional "pyrrones" 

have grossly different solubility and processing characteristics.    The 

theoretical structure of the polymer is shown below;  however,  elemental 

analyses demonstrate that HR-100 does not undergo complete ring 

closure. 

Prior Hughes work on "pyrrone" wire insulation was described in the 

first annual summary report on this contract*. 

N.   Bilow and K. L.  Rose,  High Temperature Electrical Wire 
Coatings, AFML-TR-69-111,  Parti,  May 1969, 
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An isothermal weight IOMM MtuHy wa» niaHr on Ihr MR-100 

prrpolymrr to drtermine its rate of advantement in argon at 350 C 

(662   F) and the results are compareH in Figure 4 to those obtained 

at 250OC (4820F) and 300OC (5720F),    At this temperature (350OC) 

the polymer appears to reach its full cure in approximately 3 hours, 

whereas at 300 C about 4 hours are required.    On the basis of these 

tests the polymer was generally cured for 3-4 hours at 316   C (600  F) 

in subsequent work. 

It is to be noted, however, that the composition of the cured poly- 

mer varies with cure temperature, as evidenced by the elemental analy- 

ses,  and that its empirical formula deviates considerably from theory. 

Percent C Percent H Percent N Percent O 

At 300eC 73.69 3.49 11.32 10.69 

At 350oC 74. 91 4. 12 11.59 9.24 

Calc.   for C29H1203N4 75.00 2.60 12.06 10.33 

Five hundrc ! feet of 3 mil thick Kapton polyimide tape (3/8 inch 

wide) was coated with "pyrrone" (HR-100) from a dioxane solution and 

was B-staged by passing the tape through a 2-foot long oven,   under 

argon,   at such a rate as to provide a 5-minute heating period.    The 

oven temperature (at the center) was 280oC (5560F). 

Silver plated multifilament copper wire (20 gage) was then 

wrapped with the coated tape.    Wrapping was conducted at the Micro- 

dot Corp.   using a tape temperature    of   3150-3710C (600-700OF). 

The tape was cured at 371   C (700   F) for 15 minutes and postcured 

under argon for 4 hours at 315   C (600  F). 

This is an apparent temperature measured with a thermocouple 
placed near but not on the tape.    The actual tape temperature is unknown 
but is assumed to be within 50-100oF of the observed value. 

11 
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Figure 4.    "Pyrrone" prepolymer weight loss as a function of 
cure temperature 

Insulation resistance measurements showed that this wire was 

essentially the same as a smaller sample previously prepared.    Results 

are shown in Table IV. 

These results are presented graphically in Figure 5.    Also 

shown in Figure 5,  for comparison, is the insulation resistance data 

on the "pyrrone" (HR-100)-Kapton wire prepared a month previously. 

The wires appear to be equivalent. 

Similar tests were conducted on FEP-sealed Kapton wire from 

Haveg Corporation and the results of these tests are illustrated in 

Figure 6. 

Althoigh the Haveg wire had better water resistance at ambient 

temperature,  the abrupt drop in insulation resistance of the dry wire 

between 149-204OC (300-400OF) indicated that its glass transition 

temperature had been exceeded.    Loss of its sealant properties as a 

12 



Table IV.    Results of Insulation 
Resistance Measurements 

j          Temperature Insulation 
Resistance,  Ohms         j 

30 inch lengths             ! 0F 0C 

75 

200 

300 

400 

500 

i       600 

23 

93 

149 

204 

260 

316 

6 x 1012 

IxlO11 

1 x 1011                     j 

3x1010 

7 x 109 

2 x 108                       { 

2 x 
0 
UJ I < 

z 
0 
p 
i 
3 z 

200 300 400 

TEMKRATURE. 0F 

Figure 5.    Insulation resistance of "pyrrone"-Kapton 
insulated wire 
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200 300 400 

TEMKRATUM, 0F 

Figure 6.    Effect of temperature on insulation 
resistance 

result of this transition was expected,  and in subsequent work discussed 

in the evaluation section of this report it will be noted that analogous 

FEP Teflon Kapton wires from Milo-Carolina Corp. peel and stick 

together at 2880C (550oF) and above.    Furthermore,   although its insu- 

lation resistance was slightly better than the Type I " pyrrone"-Kapton 

insulated wire between 204-316OC (400-600oF),  adhesive failure 

occurs and very deleteriously affects its physical properties.    In con- 

trast the linear drop in insulation resistance of the "pyrrone"-Kapton 

wire (Type I) demonstrated that "pyrrone" resin had not exceeded its 

glass transition temperature.    This supported the observation that 

adhesive failure was not observed up to 4270C (800oF).    It is also 

important to note that the water-soaked "pyrrone"-Kapton wire (I) 

regained its properties when redried above 1490C (300oF). 

"Pyrrone"-Kapton insulated wires (Type I) evaluated in this 

study were post-cured under argon in the apparatus illustrated in 

Figure 7. 

14 



ARGON 
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THE THERMOCOUPLE WAS PLACED IN THE MIDDLE TÜRE Of THE 
INNER SUPPORT AND THE WIRE WIRE SAMPLES IN THE SIX SURROUNDING TURES. 

Figure 7.    Wire postcure oven 

a. Teflon Overcoated "Pyrrone"-Kapton Insulated Wires 

Thirty-foot sections of the postcured wire (Type I - batch 2) 

were wrapped with 7 mil,   1/4 inch wide,   Teflon TFE tape using a 

50 percent overlap (Type IA) and the Teflon was sintered at 538 C 

(1000  F) for a period of about 1/2 minute.    After sintering,  the TFE 

layer was 4 mils thick.    A second section of wire was double-wrapped 

with TFE also using 60 percent overlap (Type IB).    This double wrap 

was 14 mils thick before sintering and 10 mils afterwards.    Sintering 

was conducted at 1000oF for 1. 1 and 2. 1 minutes. 

One 3-foot section of each of the overcoated wires was soaked 

in water for 16 hours and its insulation resistance was then measured. 

Wires were then removed from the water and tested again at elevated 

temperature.    Results of these tests are shown in Table V below as 

well as in Figures 8,  9 and 10. 

b. Perfluoroalkylenetriazine Overcoated "Pyrrone"-Kapton 
Insulated Wire 

Other  30  inch leigths   of postcured  "pyrrone"-Kapton wrapped 

wire (Type I,  No.  38A) were given coatings of perfluoroalkylenetriazine 

containing 1 percent terephthalonitrile N,   N'-dioxide as a curing agent. 

15 



Table   V.    Insulation Resistance of Teflon Overcoated 
"Pyrrone"-Kapton Insulated Wire 

Tempe rature, 
Insulation Resistance,** Ohms 

Type IA 
(No.   54-1) 

4 mil,   1. 1 min. 

Type IA 
(No.   54-2) 

3.5 mil, 2.1 min. 

Type IB 
(No.   54-3) 

10 mil,   1.0 min. 
oF 0C sinter sinter sinter 

75* 23 7 x 1011 1 x 108 6 x 109 

75 23 3 x 1011 2 x 1011 3x 1012 

200 93 5 x 109 1 x lOlO 2 x 1013 

300 149 2 x 1012 3x 10l2 1 x 1013 

400 204 3 x 1011 1 x 1012 6x 1012 

500 260 1 x 1011 2 x 1011 2 x 1011 

600 316 7 x IQ1** 1 x 1011 6x 1010 

700 371 3x 1010 8x lOiO 8 x 109 

800 427 3 x 109 3 x 109 8x 108 

'"tests i i water. *. "30 inch lengths 

i 
z 
O 
UJ i < 

z o 
i 

300 400 500 

TEMPERATURE, »f 

Figure 8.    Insulation resistance of water-soaked Teflon TFE 
overcoated "pyrrone"-Kapton insulated wire — 

single overcoat -  1 minute sinter 
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Figure 9.    Insulation resistance of water-soaked Teflon 
TFE overcoated "pyrrone"-Kapton insulated wire - 

single overcoat - 2 minute sinter 
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Figure 10, 
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Insulation resistance of water-soaked Teflon 

800 

TFE overcoated "pyrrone"-Kapton insulated wire 
double overcoat - 1 minule sinter 
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The perfluoroalkylenetriazine polymer (20 grams) was dissolved in 

bis(tri£luoromethyl)benzene for the dip application.    Coated wires were 

air-dried for 2-1/2 hours,  then cured for 2 hours at 150oC (302oF). 

One wire was soaked in water for 16 hours before measuring its insu- 

lation resistance and one wire was tested dry.    The results of these 

tests are shown in Figure 11. 

Another perfluoroalkylenetriazine overcoated " pyrrone"-Kapton 

insulated wire (Type ID) was divided into six 3-foot sections and after 

air drying overnight wire pairs were cured as follows: 

Schedule a.      4 hours at 500C 

Schedule b.      4 hours at 100oC 

Schedule c.      4 hours at 150oC 

10" 

x 
O 
UJ 

i 
O    10 

S 
2 

10 

•-* 
^ W 

^-wim 
^^   SOA 

NO. 1225»-. 
K10 IN HjO, 

0-2 
16 MS. 

X > 
\ 
\ 

WI«E NO. 
NOT SOAK 

:M5»-50-l 
ED IN H2O ^ ̂  

v\ 

\ V 
WIRE TYPE ID 

^ 
100 200 300 400 

TEMfWATUHE, "f 

300 too 

Figure 11.    Insulation resistance of perfluoroalkylenetriazine 
overcoated "pyrrone"-Kapton insulated wire 

The perfluoroalkylenetriazine coating was 0, 75 mil thick.    One 

wire of each of these pairs was soaked in anionic wetted water for 

16 hours and subsequently tested for its insulation resistance.    Results 

are shown in Table VI as well as in Figure  12. 
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Table VI.  Insulation Resistance of Perfiuoroalkylenetriazine 
Overcoated "Pyrrone"-Kapton Insulated Wires 

, .. Insulation Resistance, Ohms 
j     xcmperature, 

Perfiuoroalkylenetriazine Cure Schedule              | 

I      0F 0C 4 hours.   150oC 4 hours.   100OC 4 hours.  50oC   | 

1          75* 23* axio12 1 x 107 2 x 108 

75 23 2xl012 2x 108 7 x ID6          1 

1       200 93 1 x 1010 5 x 107 6 x ID6 

300 149 IxlO11 6xl010 2xl010 

400 204 6 x 1010 5xl010 4xlOlÜ 

500 260 Ix 109 1 x 109 8 x IG8 

600 316 Ix 108 Ix ID8 8 x IG7 

700 371 8 x 106 

1 

1 x 107 1 x IG7          l 

*Tests conducted under water.   All wires 30 inches long. 

These results are illustrated in Figure 12. 

One pound of tetraethyl ester based "pyrrone" (HR-1GG,  batches 

E 1706-32-1 and 2),  having 1.5 equivalent percent of free carboxyl 

groups and an inherent viscosity of G. 52, was advanced at 2GG0C for 

45 minutes under nitrogen,  having a flow rate of 95 cc/min,  until its 

inherent viscosity was G. 56.    After cooling,  the polymer was pulverized 

and dissolved in dioxane to yield a 28 percent solids content lacquer. 

This lacquer was used to coat 1 mil and 2 mil thick Kapton tapes in 

order to prepare insulated wires thinner than previously prepared. 

The prior wires had been made from 3 mil thick tape.    The prepolymer 

lacquer was prepared by dissolving 2G8 g of the advanced resin (batch 

E2259-83A) in dioxane. 

19 



r 

10 
14 

10 

z < 
v> 
VI 
Ul 
E 

5 
3 

13 

10 ,12 

10 11 

10 10 

10' 

10' 

106 

 1 1 1 1 1— 
PERFLUOBOALKYLENETRIAZINE CURE SCHEDULE 

|                         A     « MR AT 50° C 

WIRE TV PEIO 
■ 
• 

« HR AT «»PC 

* HR AT ISflPc 
I 

\ i ^ /n \ 

ONSET 0 
DRYING 

OUT OF 
WATER 

f/ 
^ 

L J N \ 1 

J 
_J 7 

\ 
UNüER 
WATER 

\~~-y REFERENCE NOS. 
E226M6-1. 2. 3 

1 

,» I 

100    300    300    400    tOO 
TEMPERATURE, 0F 

J I L_ 
93 

600 700 

140 304 300 
TEMPERATURE. 0C 

316 371 427 

Figure  12.    Insulation resistance of perfluoroalkylcnetriazine 
coated "pyrrone"-Kapton insulated wire 

These conditions are similar to those used previously; however, 

the coating device was modified with a new gear reduction train,  new 

take-up wheels and guides to provide a more uniform feed,  more uni- 

form take-up,  and a tighter wrap. 

Two rolls of Kapton polyimide tape (1 mil x 3/8 inch wide) were 

coated using the 28 percent solids content lacquer. A total of 877 feet 

of tape was produced using the following conditions: 

1. Solvent removal (drying) at 850C for 49 seconds 

2. B-stage oven temperature 270oC 

3. Tape speed 1 ft/75 seconds 

4. B-stage time 2. 5 minutes 

5. Argon flow rate 2 cu.  ft/hr. 

The coated tapes had 0. 75 mil of "pyrrone" resin. 
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These processing conditions differ slightly from those used 

previously.    When we first started to prepare this batch of tape it 

appeared that the resin did not B-stage properly; however,  it was soon 

discovered that the argon flow rate was only one-tenth that used 

previously and consequently the tapes experienced less cooling and 

were actually being B-staged at a higher temperature.    As soon as 

the problem was recognized it was possible to reproduce the tapes 

again. 

One roll (719 feet) of 2 mil x 3/8 inch Kapton tape was also 

coated with the HR-100 lacquer.    Identical coating conditions were 

used.    The wire vas wrapped on the take-up spool at a tension of 

2 pounds. 

Stranded 20 ga.   19/32 inch silver-plated copper wire was subse- 

quently insulated by wrapping it at Microdot Corporation,   using the 

2 mil Kapton tape,   at a wrapping temperature of 420oC (7880F).    A 

50 percent overlap was used.    Heat was applied at the wrapping point 

for the first 400 feet of wire,  but was moved 6 inches downstream for 

the remainder of the wire.    The wire was thrice passed through a 

10-foot curing oven at 3710C (700oF) for a total cure period of 

3 minutes.    The final insulation thickness was 7 mils.    One hundred 

fifty foot lengths of wire were then post-cured in argon at 3160C (600oF) 

for 4 hours. 

Similar wire was insulated with the HR-100-coated 1 mil Kapton 

tapes.    This wire was made with 2 plies of HR-100-Kapton wrapped in 

opposite directions.    Here also the overlap was 50 percent.    The wrap 

temperature at the first head was 400oC (7250F) and at the second head 

was 420oC (7880F).    The wire was passed through the curing oven 3 

times at 3710C (700oF) at a rate of 5 feet/minute,  giving a total 

exposure time of 6 minutes.    The ultimate insulation thickness was 

5.5 mils.    The wire was considerably darker than one made earlier 

in the program and this indicated that the cure temperature may have 

been higher than previously used,   even though the recorded oven 

temperature was not higher.    It should be noted that a different curing 

oven had been used this time.    The wire looked very good,  even 

though dark. 
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Insulation resistance measurements were made on these new 

wires at 500 VDC with tests conducted in a molten metal bath. *   After 

the tests were completed the wires were soaked for four hours in 

anionic "wetted" water and tested again.    Results of these tests are 

shown in Table VII. 

Wire Type I' was the single wrapped wire made from Z-mil 

Kapton.    The HR-100 resin was fused by heating the tape downstream 

from the wrapping point. 

Wire Type II was the double wrapped wire with each layer 

being HR-100 on 1-mil Kapton. 

Wire Type I was the single wrapped wire with HR-100 on 2-mil 

Kapton; however, in contrast to wire Type I1, this wire was fused by 

heat at the wrapping point. 

Table VII.    Results of Insulation Resistance Measurements 

Temperature Insulation Resistance, Ohm s 

;,                   0F 
0C Type V Type II 1       Type I            j 

!            258 125 3 x 1012 7 x I011 3 x 1012          i 

302 150 4 x 1011 i.io11 5X1011 

350 177 3xl010 IxlO10 3xl010 

424 225 4x 108 2x 108 6 x 108           | 

500 260 3 x 107 2 x 107 4xl07 

600 316 3xl06 7xl06 7xl06 

75* 23 4x 10*2 5 x 1012 2xl012 

''Tested under wate r.                   **3C inch lengths. 

Cerro-Tru,  distributed by Peck Lewis Corporation,   Los 
Angeles,  California; 58 percent Bi,   42 percent Sn,  m, p.   2810F {1390C). 

22 



Mi 

Results of these test« indicated that the three types of wire were 

virtually equivalent electrically.    These results are illustrated in 

Figure 13. 

Portions of the postcured HR-100 2 mil Kapton wire (I) and the 

double wrapped HR-100 1 mil Kapton ii sulated wires (II) were returned 

to Microdot Corp. and overwrapped with one layer of Teflon (TFE) and 

subsequently sintered at 1000oF.    The 2 mil by 3/8 inch Teflon tape 

had a 50 percent overlap.    The wire speed through the sintering oven 

was 10 ft/min.   resulting in a 1.5 minute sinter.   This overwrap did not 

sinter as well as subsequently prepared wires, probably due to insuffi- 

cient tension,  and its lower quality wa£ evident in subsequent electrical 

tests conducted after long term thermal aging.    Thirty-second sintering 

was definitely too short a period of time. 

It should be noted here that the HR-100-Kapton insulated wires 

made previously were all fabricated from 3-mil Kapton tape and con- 

sequently were thicker than the new wires. 

100 MO MO 400 MO 

TEMKUTUH, *> 

M0 W 

Figure 13.    Insulation resistance of several 
"pyrrone"-Kapton insulated wires 
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Thermal aging studies,   in air, were carried out on the various 
wires and are described on the following page. 

For comparison a Teflon FEP-Kapton wire from Milo Carolina 

Wire and Cable Co. /(MIL-W-81381/1-20) was also tested and was the 

first to fail.    A series of much longer and more significant thermal 

aging studies is described in the wire evaluation section of this report. 

Tests described on the following page are early results.    Much longer 

term tests on the most advanced wires are discussed in that section. 

Specifically the HR-100-Kapton wires tested were: 

1. Single wrapped (50 percent overlap) HR-100 on 3-mil Kapton 

tape (3/8 inch wide) and overwrapped with 4-mil Teflon TFE 

(1/4 incli wide,   50 percent overlap),    (Type  IA) 

2. Single wrapped (50 percent overlap) HR-100 on 3-mil Kapton 

tape (3/8 inch wide) and twice overwrapped with 3-mii Teflon 

TFE (1/2 inch wide,   50 percent overlap).    (Type IB) 

Insulation resistance measurements were made on wires immersed in 

anionic wetted water after a 4-hour soak period.    Wires were dried 

and tested after 4 days at 3160C (600OF) and after  16 days at 3160C 

(600OF).    The results are in Table VIII. 

Table VIII.    Insulation Resistance of Two "PyrroneM-Kapton-Teflon 
Wires as a Function of Thermal Aging 

1      Wire 
Type 

Reference 
Number 

Insulation Resistancef^Ohms 

In Water 
Before 
Heat 

Exposure 

After 
96 Hours 
at 600oF 

After 
384 Hours        I 
at 600oF 

i        IA E2259-82-la 

lb 

1 x ID7 

1 x 107 

2xl012 

2 x IQl2 

2 x 106             ' 

3 x ID6 

|        IB 2a 

2b 

4x 1012 

5 x 1012 

2 x 106 

3 x 1012 

0.9 x ID5 

6 x 105* 

Milo Carolina 
Wire 

IxlO10 shorted shorted 

*Most of this wire was in excellent condition,  but a small area 
i            showed evidence of breakdown.                                                                         I 
i       **30 inch lengths. 
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Other life cycle tests were also conducted.    For these tests both 

double layer Teflon TFE overwrapped HR-100-Kapton wires (Type IB) 

and single layer Teflon TFE overwrapped HR-100-Kapton wires 

(Type IA) were evaluated.    Wires were heated at 600" i" (316  C) in air 

and at various intervals they were removed from the oven»   cooled,   and 

tested under wetted water.    The best of the four wire samples had an 

insulation resistance of 10      ohms after 167 hours at 600  C.   Other 

test data are shown in Table IX and are graphically illustrated in 

Figure 14, 

Table IX.   Insulation Resistance as a Function of Thermal Aging 

Wirr 
Typr 

Insulation Kpsistanco, Oh ms,   30 Inch LcnKths 

0 hi ur 17 hours 5 1 hours 72 hours 97 hours 120 hours 143 hours 167 hours 190 hours 

IB 6xl0n axio13 BxlO12 6xl012 4xl012 Bx.O12 3 x 1012 4 x 108 

IB bxlO15 Zx^13 IxlO13 6xl012 7xI012 BxIO12 Zx.O8 6 x 107 ! 

LA 7xl01J 5xl0U 5XH)12 4xl012 3xI012 1 x 108 2 x I08 6 x 107 - 

IA 7xl013 
Zx.013 IxlO13 6xl012 2xl012 3x.012 2xl02 4x10" Shorted 

r MUE TVPC IA 
SINGLE LAYER 
TFE TEFLON 
OVEmMMP 

,11 10 

|    1010 

i 
1«^ 

10» 

«KIBE TYPE IE 
OOOELE LAYER 
TFE TEFLON 
OVEmWIAP 

SAMPLES TECTED AT AMWENT TEMPERATURE 
IN ANIONIC WKTTED HATER. COOLING AFTER 
EACH HEATING PERIOD 

J I I I I L 
30 ■0 100 

TIME, HOURS 

1» 140 ISO II 

Figure 14.    Insulation resistance of "pyrrone" 
Kapton insulated wires as a function of 

thermal aging in air at 600oF 
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No significant electrical breakdown was observed in any of the 

wires during the first 97 hours.    After 120 hours one wire showed 

significant breakdown,   after 143 hours two wires had degraded signifi- 

cantly,   and after  167 hours three wires had degraded. 

The TFE overwraps showed fine cracks before the wires 

deteriorated electrically and this is probably due to stresses produced 

as the TFE continues to sinter.    Tests on the more advanced wires are 

discussed later in this  report. 

Samples of the single wrapped HR-100 2-mil Kapton wire (I) and 

the double wrapped HR-100 1 mil Kapton wire (II) were also double 

overwrapped with Teflon TFE using 50 percent overlaps.    In these 

cases,  the first TFE layer was a white 2 mil by 3/8 inch TFE tape and 

the second TFE layer was a virtually colorless 2 mil tape.    This time 

sintering was conducted at 1000  F for 45 seconds (20 ft/min.  wire 

speed). 

Two other types of wire were made from the single wrapped 

"pyrrone"-2 mil Kapton and the double wrapped "pyrrone"-! mil Kapton 

by overcoating with a double wrap of TFE-FEP tape,  again using a 

50 percent overlap.    This tape was 2 mils by 1/2 inch wide.    These 

wires were sintered at 600 F in a 10-foot oven at a tape speed of 

15 ft/min.  (40 seconds total time).    Insulation resistance measurements 

of these overcoated wires as a function of temperature are graphically 

illustrated in Figures  15 and 16. 

Measurements of insulation resistance as a function of tempera- 

ture were made on two "pyrrone " (HR-100)-Kapton (1 mil) wires. 

These include both a double wrapped and a triple wrapped wire. 

Results of these tests are shown in Table X and a graph of the data is 

shown in Figure  17.    These data represent the best HR-100 Kapton 

wires fabricated in this program. 
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Figure 15.    Insulation resistance of Teflon overcoated 
"pyrrone"-Kapton insulated wires as 

a function of temperature 
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Figure 16.    Insulation resistance of Teflon overcoated 
"pyrrone"-Kapton insulated wires as 

a function of temperature 

27 



0 

u 
s 

■w 
at 
u 

I 
£ 
v 
H 

^H 
U-l ..H 

0 g 
c 
11 
'H ^—^ 
■t-t C 
ri 0 
3 10 

a» 

a) 
1 

• •H 

m ^^ 
n) o 

o ID 
U —1 *J 
o 1 id 
c a —< 

S3 (A 
tn s.^* c .rt ». t-> 
7) — 
1) 0) 

c h 
o u 

• iH >s 
4d a. 
^^ 
3 
« 
C 

hH 

• 
X 
V ~* 

J3 
fl) 
H 

t—1 <M m (NJ —» o Ü      2 * 
n) > ~4 ^-< ^ -H ^H a> oo h- 

o o o O o o o O 
»    CO t) -H ^H -H —i ■■* '-, -H ■-< 

O
h

m
 

n
g
th

 a 

in 

X X X X 
IN 

X X X x)     --Sa) 

u |       -D £ 
«J 

^
si

st
a
n

c 
30

 I
n

ch
 

c     -o -U 
Q           .H   .H 

•i2-ll V 

•St: 8,8. OS    •> 
l-H M N fM ^^ O 

at
 io

n
 

10
 V

d<
 1—1 

0) 
a 
>> 

o o O 

X 

o 
—1 

X 

o 

X 

O 

X 

00 
o 

X 

O 

X 
■S ^ o o 
a a) ex a. 

3 m 
co 
C 

H ro r^ (VJ PO m ■"t (VJ ^H 

0    N 
i—i 

to"5  0  0 

**   0) o o 
* TJ O O 
* «Tr 
" c0Ja! 

U ^^ <^ r- Tf rg O NO s *:Sffi 
0 (M rj •<t r- o CO vO -H d   V   (0   10 

V ^H 1—4 »^ (M (M (N CO ^   ä;   4)   V 
u 

S. to   00 60 3 *» p M a a «J 

a 
S a> JS M ^ 

Mri     +J 

H •ö 0 i! 
U* 

* 
m o o o O O o o 

0 r- in o in o in o o < rt 0 
(\j CO m •^ ^ in NO *    u 

28 



U 10 

10' 

JJ 

i    •»" 

h 
z 

to 

10" 

^r s i 
\ 

0 
»PIE WWPP 
»UILE MIA 

10    -TYff 
»PEO -TYPE 

II 
II 

\ N 
\ 

\ 

\ 

\ 

\ 

• Wl 
IE 

«ES FAIKICAl 
ERENCE NO 

ED MARCH : 
C28I3-64 

OTH 

\ 

IM 200 300 400 500 600 700800900 1000 

TIMP«ATU»E, 0F 

Figure 17.    Insulation resistance of double and triple wrapped 
HR-100-Kapton wires as a function of temperature 
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3.    "PYRRONE" (HUGHES HR-300) 

Hughes HR-300 is a "pyrrone" type polymer derived from the 

condensation of 3, 3', 4, 4,-tetraaminobenzophenone with tetraethyl 

3, 3', 4, 4,-benzophenonetetracarboxylate. 

The synthesis is illustrated below. 

5   2 ii || ^   5 fi 

C2H5OH 2150C 

:^a^i-,-^^^ui c 
II 
o 

Prepolymer preparation was carried out as follows (Experiment 1706-62). 

High purity tetraethyl ester (E1706-31,  47, 1 g,   n. 1 mole,   99,6 percent) 

was heated under argon to  180   C and solid tetraaminobenzophenone 

(24.2 g,  0, 1 mole) was added while stirring continually.    Since the 

amine did not melt immediately,  the temperature was raised to 215  C. 

It took 20 minutes from the initial addition before all of the amine 

melted and dissolved.    Stirring was continued for 30 minutes beyond 

this point.    The reaction mixture was cooled rapidly in an ice bath and 

pulverized,   in a mortar,  to pass through a 40-mesh sieve.    After drying 

in a vacuum oven overnight at 65  C,  the inherent viscosity was mea- 

sured and found to be 0,48 at 25  C at a concentration of 2. 5 g per 100 cc of 
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anhydrous dimethylformamide.    It was soluble in dioxane and a 

20 percent by weight solids content solution was prepared in this solvent. 

Kapton polymide tape (1 mil x 3/8 inch x 500 ft) was coated with 

the HR-300 lacquer and subsequently dried by passing it through an air 

oven at 200  C to provide 50 second exposure.    The tape then passed 

through a B-stage oven at 260  C using an exposure period of 150 sec- 

onds.    The atmosphere was predominantly argon flowing at a rate of 

2 standard cu. ft. /hr.    Tape speed was  1 foot/75 seconds.    This resulted 

in a total cojiting thickness of 0. 75- 1. 00 mil (0. 37-0. 50 mils per side). 

Multifilament silver plated copper wire (19/32,  20 gage, 

0. 039 inch diameter) was wrapped with this tape at a temperature of 

800 ±100 F.    (This was indicated by a thermocouple placed near the 

wrapping point.    The actual tape temperature is unknown.) 

Two types of wire were produced.    Type VIII was double wrapped, 

each layer being in the opposite direction and the overlay on each layer 

was about 50 percent.    The other,  Type IX,  was triple wrapped with 

each layer being reversed and with a 50 percent overlap in each layer. 

Each layer added 6 mils to the diameter of the wire or 3 mils to the wall 

thickness.    Thus,  wire VIII had a 6 mil wall (12 mil total insulation) 

whereas IX had a 9 mil wall (18 mil total insulation). 

Wrapped wires were passed through a 10 foot air curing oven at 

600  F (316  C) at a rate of 20 ft. /min.  giving a total exposure period 

of 30 seconds.    They were subsequently postcured in nitrogen for 

4 hours at 600OF (3160C). 

It was too late in the program to evaluate these wires compre- 

hensively.    They were excellent in appearance and were lighter in 

color than the HR-100-Kapton type wires,  thus indicating better 

oxidation resistance. 

Insulation resistance as a function of temperature was deter- 

mined for each of these wires and the results art; shown in Table XI. 

These results are illustrated graphically in Figure 18 and are com- 

pared to results obtained on the HR-100-Kapton insulated wires. 
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Table XI.    Insulation Resistance as a Function of Temperature 
of "Pyrrone" (HR-300)-Kapton Insulated Wires 

Temperature 
Insulation Resistance 

Ohms at 500 Vdc 
30 Inch Lengths 

oF 0C Type VIII Type IX 

75* 24* 3xl012 

4 x 1012 

5xl012 

IxlO12 

IxlO11 

2xl010 

2 x 109 

4 x 107 

4 x 1012 

2xl013 

IxlO13 

Tx^11 

ZxiO11 

3xl010 

2 x lO9           1 

5 x 107 

250 121 

300 149 

350 177 

400 204 

450 232 

500 260 

600 316 

Ambient temperature tests were conducted in anionic 
wetted water whereas all other tests were conducted in 
molten Cerro-Tru Bi-Sn alloy. 
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260 314 »C 

Figure 18.    Insulation resistance as a function of 
temperature of HR-100 and HR-300 bonded 

Kapton insulated wires 

It is interesting to note that the insulation resistance-temperature 

profile differs very little between VIII and IX even though wire IX has 

33 percent more insulation.    The same is true of II and VII. 

Also shown in Figure 18 for comparison is an insulation 

resistance-temperature profile of the HR-100 based wires 11 and VII. 

Although the two curves are rather close,  it is evident that the tetra- 

aminobenzophenone based polymer HR-300 (in Wires VIII and IX) is 

superior to the tetraaminobiphenyl based polymer HR-100.    Thermal 

aging studies on the HR-300 wires are described on page 84. 
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4.    POLYIMIDE P13N 

Polyimide P13N is a product of TRW Systems Corporation.    To 

our knowledge the prepolymer structure is that shown below. 

H 

/"V-T . 
C H H H 

Assuming this structure is correct,  the polymer is derived 

from nadic anhydride [endo-bicyclo (2,  2,   l)-hept-5-ene-2, 3- 

dicarboxylic anhydride J and diaminodiphenyl ether.    It would there- 

fore not be a completely aromatic polymer.    Nevertheless,  it has a 

high degree of thermal stability near 316   C (600  F).    A prepolymer 

of this structure would be expected to cure through vinyl type polymeri- 

zation via the terminal vinyl groups in the cyclohexene rings. 

In the first set of experiments the polyimide was sprayed,  without 

further dilution,   onto 3 by 6 inch sheets of 5-mil Kapton film.    The 

specimens were air-dried for 60 minutes,  then advanced (B-staged) 

under nitrogen at 200  C (392  F) for (a) 30 minutes,  (b) 60 minutes, 

(c) 90 minutes,  and (d)  120 minutes.    Two-ply laminates subsequently 

were prepared and cured at 70 psi and 260  C (500  F) for 60 minutes, 

then postcured for 4 hours at 316   C (600  F) under argon.    Prior to 

postcure the samples were completely free of voids and showed good 

adhesion.    However,  after postcure,  the adhesive interlayers were 

full of voids, 

f In an effort to eliminate the void problem,   a new series of lami- 

nates was prepared using different B-staging conditions.    These condi- 

tions are shown in Table XII, 
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Table XII.    B-Staging Conditions Used on PI3N Polyimide Laminates 

Temperature 
Sample 

(E2259-79) 
Time, 

minutes 0C oF 

1 100 220 428 

2 120 220 428 

3 140 220 428 

4 160 220 428 

5 100 230 446 

6 120 230 446 

7 140 230 446 

8 160 230 446 

9 100 240 464 

10 120 240 464 

11 140 240 464 

12 160 240 464 

These specimens were all B-staged under nitrogen.    The first 

eight were cured at 70 psi and 260oC (500  F) for 1 hour,   whereas 

samples 9 and 10 were cured at 150 psi and 260oC (500oF) for 1 hour. 

Specimens 11 and 12 were too far advanced to provide a bond when 

molded.    Samples 1 and 2 showed good adhesion but many small voids. 

Samples 3 and 4 also showed good adhesioi. and had much lower void 

content.    Samples 5 through 8 qualitatively had poorer adhesion and 

did not show good flow.    Samples 9 and  10,   even with the increased 

molding pressure,   failed to flow sufficiently well to provide any 

degree of adhesion. 
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From these experiments it was apparent that a B-staging 

temperature of 230oC (4460F) for 2 hours was about the optimum.    The 

conditions varied somewhat when the resin was used to prepare insu- 

lated wire,  however. 

In subsequent work,   16 sheets of sodium-etched Kapton film 

(3 inches x 6 inches x 3 mils) were spray coated with the P13N pre- 

polymer lacquer.    After a 30-minute air dry they were B-staged in 

nitrogen as shown in Table XIII.    Subsequently,   2 ply laminates were 

prepared using a 60 minute cure at 150 psi and 3160C (600oF) and an 

8-hour post-cure in argon at 316  C. 

Table XIII.    B-staging Conditions Used to Bond Kapton Film 
Spray Coated with P13N Prepolymer Lacquer 

Sample 
2259-85 

B-Stage Conditions 

Time, 
minutes 

Temperature, 0c                  | 

1 

2 

3 

4 

5 

6 

7 

8 

100 

120 

140 

160 

100 

120 

140 

160 

230 

230                         | 

230                         i 

230                         | 

240 

240 

240 

240                         \ 
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Samples B-staged at 240oC (4640F) all provided poor adhesive 

bonds,   whereas samples B-staged at 230oC (4460F) bonded together 

very well.    In T-peel tests conducted at 3150C (600oF) the specimens 

all failed in the substrate rather than in the adhesive interface.    The 

latter samples had a sufficiently small number of voids in their inter- 

faces to suggest that void-free P13N bonded Kapton insulated wires 

could be achieved. 

After finding conditions which appeared satisfactory for prepar- 

ing essentially void-free P13N adhesive interfaces,   attempts were 

made to coat Kapton tape (2 mil x 3/8 inch wide) with sufficient uni- 

formity to permit wrapped insulation to be made.    In these coating 

studies the P13N lacquer appeared to wet the tape quite uniformly,   but 

when the tape was passed through the drying tower it invariably came 

out with resin thicker on the edges regardless of how the apparatus or 

drying tower parameters were adjusted.    When dioxane was added to 

the lacquer (which normally contains only dimethylformamide),   the 

drying proceeded somewhat better,   although completely uniform thick- 

ness still was not achieved. 

These tapes were B-staged at 260  C (500  F) in argon and then 

two ply laminates were prepared.    The laminates were cured at 344  C 

(650   F) for  1,   5,   10,  and  15 minutes.    They contained many voids but 

the adhesion was good.    Other tapes,   B-staged in argon at 290  C 

(554   F) for 5 minutes,   also were made into two ply laminates and cured 

at 650OF (3440C) for 1,   5,  and 10 minutes.    These all failed to bond, 

showing that the resin was too far advanced.    Other conditions were 

subsequently investigated and were as shown in Table XIV. 

Since dioxane helped to provide more uniform coatings,  a sample 

of P13N lacquer (150 ml) was concentrated by removing a portion of 

the dimethylformamide (50 ml) on a rotary evaporator immersed in a 

60   C water bath.    To the concentrate which contained 65 g solids was 

added dioxane (235 ml) and fresh dimethylformamide (15 ml).    The 

diluted lacquer (374 g) contained 18 percent resin solids by weight. 
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Table XIV.    Subsequent B-staging Conditions for P13N-Kapton Tapes 

Sample 

Drying Oven B-stage Oven 
Observations 

on 2-ply 
Laminates      j Temperature Time, Temperature Time, 

min 0C oF sec 0C oF 

1 

2 

3 

4 

100 

135 

170 

190 

212 

275 

338 

374 

90 

90 

90 

90 

260 

270 

270 

270 

500 

518 

518 

518 

5 

5 

5 

5 

Many voids 

Few voids,          ; 
good flow            j 

Void-free,           j 
good flow 

Poor flow, 
void-free 

Two hundred and six feet of Kapton tape (1 mil) was coated with 

this modified P13N lacquer after first passing the tape through a 

dioxane wash.    The coated tape was dried in air at 200  C (392   F), 

then B-staged in a 260oC (500oF) oven while drawing the tape through 

at a rate of 1 foot per minute.    The resultant coating thickness varied 

from 0.4 to 1.5 mils.    It was more uniform then prior samples; never- 

theless,   it was far from being an ideal tape for producing wrapped 

insulation.    The total drying time was 48 seconds and the B-stage 

period was 2 minutes.    Subsequently the coated tape was wrapped onto 

multifilament silver-plated wire (20 ga. ,   7/28) using a 50 percent 

overwrap.    Heat was applied at the wrapping point.    The indicated wrap 

temperature was between 370-427oC (700-800 F); however the actual 

tape temperature could not be established.    One hundred thirty four feet 

of insulated wire was obtained.    It was cured in part by passing it 

through a 10-foot oven at a rate of 10 ft/min.   at 3160C (600OF),  but 

most of it was passed through at double this rate.    Postcure was car- 

ried out at 3160C (600oF) in nitrogen for 1 hour.    Total insulation 

thickness was 3 mils.    The wire,  designated IV,   looked excellent. 
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A temperature profile of this wire was made by measuring its 

insulation resistance at various temperatures, and the data is presented 

graphically in Figure 19.    Subsequently it was overwrapped with TFE 

Teflon to provide two new types of wires. 

Both utilized a 2 mil x 1/2 inch wide TFE tape for the overwrap;   ' 

however,   in one case two layers of directionally reversed TFE were 

applied (wire IVB) and in one case one layer of TFE tape was applied 

(wire IVA).    In both cases the overlap was approximately 50 percent. 

Wires were sintered at 1000oF (5380C) for 1 minute while passing them 

through a 15-foot air oven.    Wire having the single layer of TFE had a 

6-1/2 mil insulation wall thickness,  whereas the doubly overwrapped 

wire had an insulation wall thickness of 11 mils. 

R 

I 

O IN WATER IVB 

I IN WATER IVA 

IV    P13N ONI Mil KAPTONMH OVERLAP-NO TFE OVERLAYER 
IVA PUN ON I MIL KAPTON SINGU WRAP -50» OVERLAP 

AND A SINGU LAYER Of TFE OVERWRAP ISO» OVERLAP) 

IVB   PI» ONI Mil KAPT0N-SINGLE WRAP-50» OVERLAP 
WITH 2 LAYERS OF REVERSED WRAP TFE OVERWRAP 
(»ft OVERLAP) 

DO 500 MO 

TEMPERATURE, 'V 

1000 

Figure   19.    In§ulation resistance as a function 
of temperature of P13N bonded 

Kapton insulated wires 
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Insulation resistance measurements, as a function of temperature, 

on both types of wires, are tabulated in Table XV and are also presented 

graphically in Figure 19. 

Insulation resistanct- measurements were all made in duplicate. 

In all ambient temperature tests the wires were soaked in anionic 

wetted water for a minimum of 1 hour before testing.    In the elevated 

Table XV.    Insulation Resistance as a Function of 
Temperature of P13N— Kapton Insulated Wires 

|             Temperature Wire IVA,  Ohms 
30 Inch Lengths 

Wire IVB,  Ohms   j 
30 Inch Lengths i    0c 0F 

|       23 75 
8xl013 

8 x lO13 

Ix^14 

7xl013           | 

1     121 250 
® 
© 

2X1013 

^lO13 

3xl013 

3xl013           j 

149 300 
® 
® 

6xl012 

7xl012 

IxlO13 

2xl013            | 

177 350 
® 
® 

3xl012 

3xl012 

4 x 1013            j 

6xlo13        1 

204 400 
® 
® 

5x10" 

6x10" 

2 x 1013 

3xl013            ] 

260 500 
® 
® 

5xl010 

5xl010 

4 x 1012            1 

4xl012            i 

316 600 
® 
® 

2 x 109 

2 x 109 

2x10" 

2x10" 

^ Under water                                                                                                                  1 
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temperature tests the 1 hour soaking periods were also used,   but only 

after the wires had been allowed to recool to ambient temperature. 

TVsts were conducted by applying a 500 Vdc potential between the wire 

conductor and a conductor immersed in the wetted water.    Leakage 

was measured with a Hewlett Packard Model 425A DC microvolt-amp 

meter. 

Another type of P13N-Kapton wire was also prepared.    Similar 

conditions were used except that a double wrap of the tape was used. 

None of this wire,   designated type V was overwrapped with Teflon.    The 

tape used in this wire was from a different batch than that used previ- 

ously.    When preparing this new batch efforts were made to use a P13N 

lacquer which had been made up 2 months earlier.    This effort was 

initially unsuccessful because the polymer had advanced on aging.    Evi- 

dently the polymer has limited shelf life.    A new batch of polymer 

lacquer (84 g) was subsequently obtained,   and after removal of part of 

its solvent,   diuxane was added as in earlier work. 

Kapton tape (1 mil) was coated with this new lacquer to provide 

400 feet of coated tape, which was double wrapped onto 20 ga.  (19/32) 

silver-plated copper wire.    Wraps were in the reverse direction with 

50 percent overlap in each layer.    The wrapping temperature was 

427 ± 280C (800 ± 50oF) and the resultant insulation wall thickness was 

9 mils.    Cure was achieved by passing the tape through a 10 foot curing 

oven in air at 3160C (600oF) at a rate of 20 ft/min.    Total exposure 

time was 30 seconds.    Postcure was conducted at 2880C (550oF) in 

nitrogen for 3 hours.    Results of tests on temperature versus insula- 

tion resistance of the Type V wire are shown in Table XVI.    A graphi- 

cal plot of this data is shown in Figure 20. 

Various evaluations were performed on the Type IV,  IV A,  IV B, 

and V wires.    As a result of these studies it became quite evident that 

the double wrapped wire V was significantly superior to wire IV,   not 
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only in its insulation resistance versus temperature profile,  but 

especially in its long term stability in air at 3160C (600OF).    The 

wires also performed well in high temperature humidity tests and 

cold bend tests.    These results are discussed in detail in the wire 

evaluation portion of this report. 

Table XVL    Insulation Resistance as a Function of Temperature 
of Double Wrapped P13N-Kapton Insulated Wires 

Temperature Insulation Resistance,  Ohms 
30 Inch Lengths                          ' 0C oF 

24 75 6xl013 

121 250 7xl012 

149 300 IxlO12 

177 350 3X1011 

1          204 400 SxlO10 

260 500 IxlO10 

316 600 2 x 10S 
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Figure 20.    Insulation resistance of P13N-Kapton 
insulated wire as a function of temperature 
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5.    POLYBENZOTHIAZOLE 

Polybenzothiazole was also screened as a potential insulation. 

The polybenzothiazole AF-R-2506,  described by Aponyi and Mecum' , 

contains approximately 25 percent by weight of 4-aminophthalimide. 

This reacts with the polybenzothiazole prepolymer to produce a resin 

with pendant carbamide groups,  which serve as latent crosslinking 

sites.    The cured polymer reportedly has the structure shown below. 

This polybenzothiazole was selected as a potential high tempera- 

ture insulation material because structural composites containing the 

resin have been shown to exhibit good strength retention (up to 75 per- 

cent) when heated in air for 200 hours at 3160C (600  F).    Polymer 

lacquers can be prepared using dimethylformamide as a solvent and 

consequently the polymer can be used in impregnations,  as well as in 

coatings and varnishes.    A major problem encountered in processing 

AF-R-2506 is the large amount of volatiles evolved during cure.    For 

example,  as much as 50 percent of the aminophthalimide will sublime 

during cure and the evolved gases lead to the formation of porous 

structures.    Long cure schedules are also required.    Aponyi and 

Mecum,  for example,  describe the fabrication of an AF-R-2506 laminate 

^T.J. Aponyi and W.D.  Mecum,  J.  Composite Materials,   2, 
No.  2,  p.  186, April 1968. 
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in which pressure release was required 20 seconds out of each minute 

the laminate remained in the press, and the total cure cycle was 35- 

60 minutes at 329 * 120C (625 ± 250F).    Furthermore,  the laminates 

required a temperature-programmed postcure of 52 hours,  during 

which time the temperature was raised from 1770C (350oF) to 4540C 

(850oF). 

In the investigation conducted under this program,a suspension of 

AF-R-2506 (10 grams) in dimethylacetamide (28 grams) was used to 

coat sheets of sodium-etched Kapton polyimide film.    The sheets were 

air dried for 30 minutes and then oven dried for 1 hour at 1250C 

(2570F).    A two ply laminate then was prepared and cured at 750 psi 

and 260oC (500oF) for 30 minutes.    However,  the polybenzothiazole 

interlayer was full of voids.    This indicated that   B-staging would be 

required to allow for the escape of gases before the Kapton sheets 

could be bonded together. 

The AF-R-2506-dimethylacetamide dispersion was also used to 

coat a sample of bare copper wire and the coating was dried and cured 

in argon for 24 hours at 260oC (500oF).    The cured insulation was too 

brittle to permit electrical insulation measurements to be made. 

In attempting to use the polybenzothiazole as a sealant for elec- 

trical wire insulation it was considered unwise to add zinc oxide to the 

resin because of the deleterious effect tRis would have on the electrical 

properties of the insulation.    Sealant studies conducted with the poly- 

benzothiazole   (PBT) AF-R-2506   thus utilized polymer which contained 

the 4-aminophthalimide but not zinc oxide.    The zinc oxide is,   however, 

a recommended additive and in studies by Aponyi and Mecum it was found 

to improve the flexural strength retention of thermally aged laminates 

which incorporated it,   as shown below.    However,   the zinc oxide does 

Resin Filler 
Flex Strength of 
AUOOE Glass 

Laminate 

Flex Strength      \ 
After )92          I 

Hours at 600oF   I 

PBT plus 26 percent 
4-amiriophthalimide 

4 percent ZnO 58,700 psi 43, 100 psi        1 

none 71,200 psi 19,400 psi        | 
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not appear to be essential in promoting cure,as indicated by the high 

flex strength which Aponyi and Mecum observed in the laminate without 

zinc oxide. 

Eight 3 by 6 inch sheets of sodium etched 5 mil Kapton film were 

spray-coated with a solution of polybenzothiazole AF-R-2506 in 

dimethylacetamide containing 26 percent solids.    The sheets were air- 

dried for 30 minutes,   tht-n B-staged in argon at 1570C (3150F) for 10, 

20,   30,  and 60 minutes.    Pairs of sheets were then pressed together 

and cured at 70 psi for 60 minutes at 260oC (500oF).    Laminates were 

cooled under pressure but were found to be full of voids,  although the 

one having the longest B-stage period had the least voids.    Qualita- 

tively the bond strength appeared good,   although the samples were too 

full of voids to justify quantitative testing. 

Eight more sheets were similarly prepared.    Laminates pre- 

pared therefrom appeared somewhat better but also contained many 

voids.    These laminates, when postcured at  3150C  (600oF) for 8 hours 

under argon,   had increased void content and qualitatively poor adhesive 

bond strength. 

A third set of laminates next was prepared.    The sheets were 

B-staged at 150oC (302oF) for (a) 10 minutes,   (b) 20 minutes, 

(c) 30 minutes,   (d) 60 minutes,  and (e) 120 minutes.    Two ply laminates 

then were prepared and press-cured at 70 psi and 260oC (500oF) for 

60 minutes.    After press cooling,  all specimens were found to have less 

voids than those previously prepared; sample "e" was completely free 

of voids.    These samples were postcured for 8 hours at 315  C 

(600oF). 

A fourth set of laminates was prepared using B-staging tempera- 

tures of 2250C (4370F),  250oC (4820F),   275c C (5270F),  and 300oC 

(5720F) for a 2 hour period.    Two ply laminates then were molded at 

70 psi and 500   F for 1 hour.    These samples were completely free of 

voids,  but they had poor adhesion.    They were postcured at 600  F 

for 8 hours in argon. 
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In summary it appears that when the polybenzothiazole is 

advanced far enough in the B-stage to give void-free adhesive inter- 

layers,   it is too far advanced to give good adhesion. 

Since little success was obtained with the zinc oxide free polymer, 

further experimentation was subsequently carried out with zinc oxide 

filled resin and is described below. 

Eight sheets of etched Kapton film (3 inches x 6 inches x 3 mils) 

were spray-coated with a lacquer of polybenzothiazole AF-R-2506 in 

dimethylacetamide containing 4 percent zinc oxide by weight.    After a 

30 minute air dry the samples were B-staged in nitrogen at 315  F 

(1570C) for 10,   20,   30,   and 60 minutes.    Two ply laminates were pre- 

pared and cured for 60 minutes at 600oF (3150C) and 150 psi and sub- 

sequently postcured for  8 hours   at the same temperature.    All 

samples contained voids, although they had good adhesion.    In T-peel 

tests at 600oF failure occurred in the Kapton substrate rather than in 

the adhesive.    The samples contained considerably less voids than those 

prepared previously without the zinc oxide. 

A polybenzothiazole AF-R-2506 pellet  containing 4 percent zinc 

oxide by weight also was molded at 600oF.    Dielectric properties of 

this pellet were measured at ambient temperature and 500 Vdc and 

are shown below: 

Dielectric constant 3.4 

Dissipation factor 3.9 percent 
13 Volume resistivity 7. 7 x 10       ohm-cm 

The dissipation factor is obviously high and wou:d he expected to be 

significantly greater at higher temperatures. 

The high dissipation factor was however not unexpected because 

of the presence of the zinc oxide.    It thus appears that although zinc 

oxide provides better high temperature oxidative resistance for the 

resin,   it simultaneously deteriorates the electrical properties. 
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6.    SILICONE XR-4-3083 

Dow Corning XR-4-3083 was also screened as a potential high 

temperature sealant and insulation.    The molecular structure of this 

silicone is unknown to us; thus it cannot be illustrated here. 

Following the procedures recommended for cure,   the XR-4-3083 

silicone was sprayed onto sheets of Kapton polyimide film without 

thinning and was B-staged under mtrogen at 175 C for (a) 3 minutes, 

(b) 5 minutes,  (c) 10 minutes,  and (d) 15 minutes.    Three minutes was 

the recommended period.    After  B-staging, the pairs of samples 

were pressed together by hand and the air voids worked out of the 

laminates until they were void-free.    Sample "a" was postcured in 

argon for 2 hours at 260oC    (500OF),  whereas samples "b",   "c",  and 

"d" rece'ved a 4 hour cure at this temperature.    The adhesive bonds 

were qualitatively poor with cohesive failure in all cases. 

A second set of specimens then was prepared.    Twelve sheets of 
Kapton film (3 inches x 6 inches x 5 mils) were spray-coated with the 
silicone and,   after air drying for 30 minutes, weic B-staged in nitro- 
gen as shown in Table XVII.    These B-staging periods were more 

Table XVII.    Conditions for B-Staging 
Silicone XR-4-3083 

Sample 
E2259-81 

B -Stage Conditions 

Time, 
minutes 

Temperature 

0C 0F 

-1 5 200 392 

-2 10 200 392 

-3 20 200 392 

-4 5 250 482 

-5 10 250 482 

-6 20 250 482 

48 



  

extreme than those used previously.    Pairs of samples were bonded 

together and cured at 150 psig and 3160C (600oF) for 1 hour.    These 

specimens were free ot voids after cure.    However,  when they were 

subsequently heated in argon for 4 hours at 260oC (500oF),  the adhesive 

bonds failed in many places,   giving a highly voided adhesive interlayer. 

This silicone thus showed little promise as a high temperature adhesive 

for Kapton film,   and consequently work with it was terminated. 

7.    POLYTERPHENYLENEOXIDE 

Polyterphenyleneoxide is a new experimental resin from the 

General Electric Corporation. Its structure is believed to be that 

shown below 

It is homologous to the poly(2, 6-dimethylphenylene oxide) which has 

been available for several years. 

The polymer has a glass transition temperature which is reported 

to be near 280ÜC (5360F).   It does,  however,  show some signs of soft- 

ening at about 2250C (4360F).   After passing through this transition 

temperature it resolidifies and fails to  remelt   at 400oC or 
below. 

Polyterphenyleneoxide (20 grams) was dissolved in chloroform 

(30 ml) to provide a 7 percent by weight solids content lacquer.    This 

lacquer was used to coat sheets of sodium etched Kapton film.    After 

drying for 1 hour at 125 C (2570F) the sheets were bonded together in 

a press at 750 psi and 250oC (4820F) for 30 minutes.   After cooling, 

they separated easily,   indicating that the polyterphenyleneoxide was a 

poor adhesive for Kapton. 
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Portions of the polyterphenyleneoxide solution then w :re mixed 

with solutions of telomeric xylylene glycol capped with p-fcoi' .siil- 

fonic acid to provide lacquers containing 5 percent and 10 percent by 

CHj-C      >S020H-CH2V />CH20H-   S02   <      >CH3 

3-4 

weight (based on solids) of the xylylene glycol telomer.    Each of these 

mixed lacquers was used to bond together sheets of Kapton film and 

the laminates were cured for 1-1/2 hours at 750 psi and 250  C (482   F). 

Both of the laminates qualitatively exhibited peel strengths greater 

than that obtained from polyterphenyleneoxide alone.    However,   neither 

was sufficiently good to warrant quantitative tests. 

Each of the three polymer lacquers was also used to coat 20 gage 

copper wires.    The coated wires were öiir dried between successive 

applications to provide one wire with a 5-6 mil insulation and one with 

a 7-8 mil insulation.    The ft rmer was derived from the lacquer which 

had only 5 percent xylylene gh ' ol.    Wires were then dried for 2 hours 

at 1250C (2570F) and heated for 2 hours at 250oC (482   F). 

Insulation on each of the virea was too brittle to resist cracking 

when bent.    Insulation resistance measurements were nevertheless 

obtained on the polyterphenyleneoxide which contained 5 percent by 

weight xylylene glycol.    Results of these measurements are shown in 

Table XVIII and graphically plotted in Figure 21.    Because of its very 

brittle character no further work was carried out. 

8.    POLYIMIDAZOQUINAZOLINE 

Polyimidazoquinazoline (PIQ) resin was also screened.    Its 

solubility in various solvents such as dimethylformamide,   dioxane, 

chloroform and N-methylpyrrolidone was checked.    The first and last 
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Table XVIII.    Insulation Resistance of Polyterphenyleneoxide 
Insulated Wire 

Temperature, Insulation Resistance,  Ohms 
30 Inch Lengths <¥ 0C 

75 24 5 x 1011                                      | 

200 93 1 x 1011 

300 149 2 x 1012                                     1 
400 204 2X1011                                     j 

500 260 3xl010 

j           600 316 2 x 109                                       1 
700 371 3 x 108 
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Figure 21.    Insulation resistance of polyterphenyleneoxide 
coated wire as a function of temperature 

51 



of these yielded suspensions,  but not true solutions.    The other two 

solvents were not even satisfactory dispersion media. 

N-Methylpyrrolidone appeared to be the best tested.    A suspension 

of 2. 3 g of PIQ in 40 ml of solvent  was prepared and used to spray- 

coat 3 by 6 inch sheets of etched 5   mil thick Kapton film.    After several 

coats were applied and individually vacuum dried at 1250C (2570F),   the 

PIQ coating was 1 mil thick.    Two sheets then were bonded together 

under pressure (100 psi) at 4270C (800oF))   but the adhesion was poor. 

The very high cure temperature was used because it appeared to be 

necessary to achieve flow. 

Molded samples of PIQ were tested electrically with the following 

results: 

Dielectric constant 2.85 (at  1 kHz,   230C) 

Dissipation factor Zero 
12 Volume resistivity 1 x 10      ohm-cm 

The dielectric properties looked very good, although a dissipa- 

tion factor of zero is unreasonably low.    This is probably due to the 

relatively poor quality of the dielectric specimens.    High quality molded 

samples were not obtained since only 8 grams of material could be 

allocated to the task of learning to mold this resin. 

Since the curing temperatures required to process PIQ are in 

excess of those at which Kapton polyimide has good strength,   efforts 

were made to use the PIQ resin alone.    Thus,   several attempts were 

made to coat a wire with PIQ "lacquer" (suspension) and subsequently to 

cure it on the wire.    In all cases the coating was excessively brittle 

and cracked extensively. 
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9.    l,3-BIS(p-AMINOPHENOXY)BENZENE BASED POLYIMIDE 

A polyimide was prepared from 1, 3-bis(p-aminophenoxy)- 

benzenc and ben/ophenonetetracarboxylic dianhydride and was screened 

as a potential wire insulation.    The structure of this polymer is shown 

below. 

The synthesis of its polyamic acid precursor or prepolymer is 

described below. 

a.    Experimental F1812-1 1 

Benzophenonetetracarboxylic acid dianhydride (8. 24 grams, 

0. 02555 mole) dissolved in 38 ml of N-methyl-2-pyrrolidinone was 

placed in a three necked 300 ml flask fitted with a stirrer,   a conden- 

ser protected from the atmosphere with a Drierite-filled tube,   ther- 

mometer and heating mantle.    To the flask was added a solution of 

1, 3-di(4-aminophenoxy)-benzene (10.0 grams,   0.03425 mole) in 38 ml 

of N, N-dimethylacetamide.    The solution was kept at 550C for 16 hours. 

The total weight of the lacquer was 90 grams, which was equivalent 

to a 20 percent solids content. 

Pieces of Kapton film (1/2 x 1 inch) were coated with this pre- 

polymer and were air dried for 2 hours,   then cured in argon for 6 hours 

at 2880C (550oF).    The samples,  along with two controls,  were vacuum 

dried for 16 hours at 650C,   then cooled in vacuum and weighed.    Next 

they were immersed in water overnight,   wiped dry and reweighed. 

They were then redried in vacuum at 650C,    Samples coated with the 

triphenylene oxide based polyimide were found to have picked up 
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2. 6 percent water,  which was lost in total when redried.   In contrast, 

the uncoated Kapton picked up 4. 3 percent water,   which was lost again 

upon redrying.    The coated Kapton thus showed a significantly lower 

affinity for water.    The difference would,   of course,   be even greater 

if a film of pure triphenyleneoxide based polyimide were used. 

Kapton tapes (1/2 x 12 x 0.003 inches) next were brush-coated 

on one side with the prepolymer lacquer,   and two ply laminates 

were prepared and press-cured under the following conditions: 

3430C (650oF),   150 psi - 15 minutes 

3430C (650oF),   150 psi- 1 hour 

These samples showed marginal adhesion.    The remaining samples 

were dried under more stringent conditions,   namely,   at 1490C (300oF) 

for  30 minutes,    149  C for 45 minutes, I490C for 60 minutes.    Sam- 

ples subsequently were cured at 16 psi at 200oC {3920F),   300oC 

(5720F) and 400oC (7520F).    Although no adhesion was observed on 

samples cured at 200oC,  adhesion was observed on those cured at 

300oC to 400oC. 

Quantitative bond strength measurements thus were warranted. 

Consequently,   sheets of sodium etched Kapton (3x6 inches) were 

brush-coated with the prepolymer lacquer.    The samples were dried at 

65  C(140 F), f;rst in air, then overnight in vacuum.   The samples 

were cut into 1x3 inch strips.    One pair was bonded together at 2320C 

(450 F) and 100 psi for 2 hours.    It had many small voids.    The remain- 

ing samples were dried overnight in vacuum at 100 C (212  F).    These 

were also bonded together at 232 C (450 F) and 100 psi for 2 hours 

yielding relatively void-free specimens with fair adhesion. 

New 3x6 inch sheets of coated Kapton were prepared and molded 

(without cutting) as before; however,  this time the samples were post- 

cured overnight at 260oC (500oF).    A 1 x 6 inch strip was cut from the 

larger laminate and the remaining 2x6 inch portion was postcured 

again,  this time for 16 hours at 2880C (550oF).    The 2x6 inch strip 

was cut in half and one portion was postcured a third time at 3160C 

(600oF) for 16 hours.    Peel tests subsequently were made at 2880C 

(550oF) and in all cases the substrate failed rather than the adhesive. 
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Three "pyrrüne"-Kapton insulated wires were overcuated with the 

prepolymer and insulation resistance measurements were made at tem- 

peratures to 316UC (600oF).    The overcoats were applied by repeated 

brushings,   air drying 4 hours between coats,   then oven drying for 16 hours 

at 60(;C (1490F),  followed by 4 hours at 200ÜC (392ÜF) and 4 hours at 

290ÜC (5540F).    Insulation wall thicknesses were (A) 3 mils,   (B) 2.5 mils, 

and (C) Z mils.   Results of these tests are shown in Table XIX.    Ambient 

temperature tests were conducted in anionic wetted water and elevated 

tests in a molten Cerro-Tru bath.    Graphs of these data are  shown in 

Figures ZZ,  Z3, and Z4.    Also shown on each graph is a plot of data pre- 

viously obtained on the insulated substrate wires prior to being overcoated. 

Table XIX.   Insulation Resistance versus Temperature of 
Insulated Wire Overcoated with Bis (p-aminophenoxy)- 

benzene Based Polyimide 

Insulation Resistance - 30 Inch Wires t   Ohms 

Temper- Wire E2259-106A Wire E2259-106B Wire E2259-106C 
ature 3 Mil Overcoat On 2. 5 Mil Overcoat 2.0 Mil Overcoat 

Type II Wire'-- On Type I Wire'1' On Type IV Wire 
oF UC (E2259-92) (E2259-91) :;:;;:;;: (E2259-97) 

75 24 7xl013 6 x 1013 IxlO14 

250 121 3xl012 5xl012 4 x 1012 

300 149 4 x 1011 6 x 1011 7X1011 

350 177 ixlo" IxlO11 2X1011 

400 204 2xI010 3xl010 6xl010 

500 260 1X1010 IxlO10 10 
3x10 

600 316 2x 108 2xl08 4 x 108 

*Type I ' »vire - single wrapped,     Hughes HR-100 on 2 mil Kapton 
««Type II wire - double wrapped,     Hughes HR-10 0    on 1 mil Kapton 

«««Type IV wire - single wrapped,  P13N on 1 mil Kapton 
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Figure 22.   Insulation resistance versus 
temperature,   Type I wire with 1, 3-bis- 

(p-aminophenoxy) benzene based 
polyimide overcoat 
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It is evident from these studies that a 1, 3-bis(p-aminophenoxy)- 

benzene based polyimide has several very promising characteristics. 

First,  it has a much lower moisture pickup than conventional poly- 

imides.    Second,  it has shown good adhesion for Kapton polyimide. 

Third,  it improved the insulation resistance-temperature profile of 

all three types of wire on which it was coated.   Fourth,  it can be 

expected to have excellent dielectric properties,   high thermal stability, 

and less tendency toward brittleness than conventional polyimide. 

A comprehensive evaluation of this polymer thus appears to 

be warranted. 
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SECTION m 

WIRE EVALUATION 

Various tests were conducted to compare the different types of 

wires and determine the degree to which they met Specification 

MIL-W-8138I.    Not all wires developed herein were evaluated completely, 

since several types were fabricated very late in the program.    Those 

not evaluated extensively include V,  VII,   VIII,  and IX. 

These are,   however,  expected to have outstanding properties. 

Table XX lists the various wires developed on this program and 

describes their composition and mode of construction.    Results of the 

various life cycle tests are discussed subsequently. 

1.    HYPEHTHERMAL AGING STUDIES 

Fourteen types of insulated wire were placed in air ovens at 

260OC (500oF),   2880C (550OF),   and 3160C (600OF) and their insulation 

resistance was measured periodically after removing them from the 

ovens,   cooling them to ambient temperature,   and testing in anionic 

wetted water at a potential of 500 Vdc.    Analogous tests were also con- 

ducted on four wires at 371   C (700 F).    Included were the various 

"pyrrone" HR-100-Kapton insulated wires,   P13N-Kapton insulated 

wires,   HR-300-Kapton insulated wires and commercial Teflon FEP- 

Kapton insulated wires.    Results of these tests are presented in subse- 

quent tables.    This data has also been illustrated graphically. 

These graphs of insulation resistance versus thermal aging 

period did not all change systematically.    Several of them showed 

rather erratic behavior indicating periodic failures and subsequent 

spontaneous repair.    These data are real and not merely due to errors 

in test methods.    However,  the graphical plots may not represent the 

best method of illustrating the data and possibly smooth curves 

showing widely scattered data points would be better.    Those which 

were most erratic had a "roller coaster" appearance.    In contrast, 

many of the "curves" had a relatively uniform rate of deterioration 

although the "points" varied within ± one order of magnitude (for 

example 10^*^ ohms). 
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Table XX.    Composition of the Various "Pyrrone" -Kapton 
Insulated Wires 

Wi •<• 
Ty ><• 

Primary Insulation Secondary Insulation 

Primary 
Insulation 

Wall Thicxness, 
mils 

Overwrap 
Thickness 

Wall,         j 
mils 

1 

"Pyrrone" (UK-100) on 
I mil Kapton,   sinnlr 
wrap,  50% overlap. 
Uffprcnce « KZ259-yi 

None ■   6.5 0 

IA 2 mil TFE,   single wrap,50";, over- 
lap.    Reference (f E2259-96A 

6.5 2.5 ± 0,5 

IB 2 mil TFE,   double reversed wrap, 
50";, overlap.   Reference* E2259-9613 

6.5 6. 5 ± 0.5 

IC 1 mil TFE/FKP,  double reversed 
wrap,   51)";, overlap.    Reference 
1 E2259-96C 

6.5 12 ± 0. 5 

ID "l'yrrunp" (IIR- 100) on 
3 mjl Kapton,   slnuli> 
wrap.   SO"',, overlap 

Perfluoroalkylenetriazine 

II 

"Pyrrone" (HR-lOO) c n 
1   mil Kapton,   double 
reversed wrap,   SO'!» 
overlap.    Reference 
» E2259-9Z 

None 8.5 0 

1IA I  mil TFE,   single wrap,   50";, over- 
lap.    Reference * E2259-96A 

8, 5 2.5 ± 0.5 

11B I mil TFE,  double reversed wrap, 
50°;, overlap.    Reference 
n E2259-96b 

8.5 6.5 i 0.5      \ 

IK 1   mil TFE/FEP,  double reversed 
wrap,   50"., overlap.    Reference 
* E2259-96C 

8,5 12 ±0.5 

rv PI 3N polyimide on 
1   mil Ki'plon,   sin^h- 
wrap,   approx,   50"! 
overlap. 

Reference # E:2269-97 

None 3.0 0              1 

IV A 2-mil TFE, single wrap, 50";, over- 
lap.    Reference K E2259-101 

3.0 = 2.5         j 

IV13 2-mil TFE, double reversed wrap 3.0 «6. 5         j 

V P 1 3N polyimide on 
I   mil Kapton.   double 
reversed wrap,   each 
layer with a 50";, 
overlap.    Reference 
» E2259-105 

None (,.0 0              1 

VI Milo Carolina Wire 
f'  Cable,   Inc. 
MIL-W-813BI/3-20 
single wrapped,   FEP 
Teflon-Kapton 

FEP 11.5 2. 5         1 

VIA Milo Carolina Wire 
& Cable Inc, 
MIL-W-8I38I/I-20. 
double wrapped,   FKP 
Teflon-Kapton 

FEP 6. 5 1.0          | 

VII "Pyrrone" (HR-I00) 
on 1 mil Kapton, 
triple reversed wrap 

None 9.0 0 

VIIJ 1IR-300 on I mil Kap- 
lon.   double reversed 
wrap,   50"/ri overlap 

None 6.0 0 

IX IIR- 300 on 1 mil Kap- 
ton,   triple reversed 
-vrap 

None 9.0 0               | 
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Teflon overwrapped wires type LA,   IB,  IC,  ÜB,  and HG,  produced 

from "pyrrone" HR-100 on 2 mil Kapton and "pyrrone" HR-100 on 1 mil 

Kapton (double wrapped) were essentially equivalent and showed little 

siinificant degradation over the 1000 hour period at either 500 F or 

550  F.   Only one of the TFE overcoated wires behaved erratically 

(IIA).    This wire had a single wrap of 2 mil TFE on the double wrapped 

"pyrrone"-2 mil Kapton.    The very erratic data may not be significant, 

however,   since the wire appeared defective visually. 

Of the wires which were not overcoated with TFE Teflon the best 

were 11 and V.    The former is the double wrapped "pyrrone" HR-100- 

Kapton insulated wire whereas the latter is the double wrapped P13N- 

Kapton insulated wire.    The first of these had an ambient temperature 

insulation resistance value of approximately 101Z   l ohms over a 

2000-hour aging period at 2880C (550oF) and over a 1000 hour period 

at 316  C (600 F).    In comparison Wire V also had a similar insula- 

tion resistance retention over a 1000 hour period at 288 C (550 F), 

which was the total test duration in this case,  and over a 1000 hour 

period at 3l60C (600oF), 

Insulation resistance measurements in all of these aging studies 

were made at ambient temperature after removing the wires from the 

oven and cooling.    Tests were made at 500 Vdc with the wires sub- 

merged in anionic wetted water.    They were then dried and replaced 

in the  oven.    The best wires saw 19 cycles over the 1019 hour test 

period at 316  C (600  F) and 25 cycles over the 2456 hour test period 

at 288  C (550 F).    A more detailed discussion of these results is 

presented below. 

Virtually all elevated temperature insulation resistance mea- 

surements were made in a molten Cerro-Tru (Bi-Sn) alloy.   The reason 

for selecting this bath was that it guaranteed good wire-bath contact. 

It was also a more severe test than the one used in our prior work, 

namely,  one in which wires were tightly wrapped in aluminum foil and 

tested in an oven.    The difference in the two test methods is evident 

from the following experiments. 
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The insulation resistance of two Teflon TFE overwrapped HR-100 

"pyrrone"-Kapton insulated wires (Types IA and IB) was measured with 

the wires immersed in a molten metal bath (Cerro-Tru) at various 

temperatures between 140oC (2840F) and 380oC (7160F) after an initial 

ambient temperature test in wetted water.    Results of these tests are 

shown in Table XXI and are illustrated in Figures 25 and 26.    It will be 

noted in the figures that in the case of the wire having only one layer of 

Teflon TFE the insulation resistance at all temperatures above 1490C 

(300  F) differed whereas the results were essentially the same on the 

Teflon double wrapped wires regardless of the test method. 

Table XXI.    Insulation Resistance of "Pyrronen-Kapton Insulated 
Wires Measured in Molten Metal Bath 

Temperature Insulation Resistance,;t 

Ohms 

oF 0C TypelA Type IB 

73 (in H20) 

284 

338 

392 

446 

500 

554 

608 

662 

716 

23 (in H20) 

140 

170 

200 

230 

260 

290 

320 

350 

380 

5x 107 

IxlO12 

2X1011 

IxlO10 

2x 109 

8xl08 

7xl07 

3x 107 

4x 107 

1 x 107 

5xl013 

3xl012 

2xl013 

5xl0,2 

IxlO12 

IxlO11 

4xl010 

2xl010 

2xl010 

2xl010 

*30 inch lengths. 
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a.    Air Aging at 260oC (50üoF) 

In aging tests conducted at 260OC (500OF) (Table XXII),   the single- 

wrapped P13N-Kapton wire (IV) was found to be somewhat erratic, 

although its insulation resistance remained between 10      and 10^4 ohms 

for about 1400 hours.    By the time the test reached 1700 hours this 

value had fallen to near 10    ohms.    Its double wrapped counterpart (V) 

was much more stable and had an insulation resistance of 10^4 ohms 

after 1056 hours,   at which time the test was terminated (Figure 27), 

Based on the results of the higher temperature test described subse- 

quently,   however,   wire V would be expected to have a virtually indefi- 

nite life expectancy at this temperature. 

Wire I,   the single wrapped"pyrrone" (HR-lOO)-Kapton,   had a 

rather uniform but slight deterioration between 200 and 2200 hours. 
a 

During  this   time its  insulation  resistance  dropped from  3  x  10 

ohms to 10' ohms and at 2240 hours it was found to be shorted.    When 

wire I was overwrapped with a single layer of Teflon TFE to yield 

wire IA,  a significant improvement was noted in that LA had an insula- 

tion resistance of 1014 ohms between 400 and 1000 hours (Figure 28). 

It appeared to undergo a serious degradation after 200 hours but this 

repaired itself and the wire stabilized until 1000 hours at which point 

irreversible rapid deterioration occurred. 

A double layer TFE overwrapped analogue of this wire (IB) and 

a Teflon FEP/TFE overwrapped version (IC) were very stable and 

showed no significant changes through the 2200 hour test period 

(Figure 29). 

Double wrapped "pyrrone" (HR-lOO)-Kapton insulated wire (II) 

also showed no significant change over the 2200 hour test period (Fig- 

ure 30).    Furthermore,   the TFE double overwrapped HR-100-Kapton 

wire (IIB) and the FEP/TFE overwrapped analogue (IIC) also showed 

no significant change over the 2200 hour test period (Figure 31).    In 

contrast to these is the wire ILA,  which is a single layer TFE over- 

wrapped version of II.    This wire,  as shown in Figure 32,  was very 

erratic and underwent an irreversible breakdown after 1000 hours. 
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Table XXII.   Insulation Resistance as a Function 
of Thermal Aging in Air at 500 F* 
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Figure 28.    Insulation resistance as a function of thermal 
aging in air at 500oF - Wires type I and IA 
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Figure 32.    Insulation resistance as a function of thermal 
aging in air at 500oF - Wire type IIA 
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However, this performance is probably not indicative of the potential 

of this type of wire but can probably be attributed to an excessively long 

TFE sintering period which was carried out at 1000 F. 

b.    Air Aging at 2880C (550OF) 

Wires were also aged in air at2880C (550oF) (Table XXIII).   At this 

temperature the single wrapped "pyj'rone"-Kapton type wire (I) showed 

gross degradation after 600 hours, whereas its TFEoverwrapped counter- 

part (IA) showed irreversible gross degradation after 800 hours with 

very erratic results much before this time (Figures 33 and 34).    A 

double overwrap of TFE on the Type I wire provided a significantly 

better wire (IB) which perfornned well for 1100 hours but showed gross 

degradation at 1200 hours.    In contrast, when wire I was overwrapped 

with FEP/TFE Teflon,   it yielded wire IC which showed no gross deg- 

radation for 2400 hours (Figure 35). 

The double wrapped "pyrrone" (HR-lOO)-Kapton (Type 11) also per- 

formed extremely well at this temperature and showed no gross degra- 

dation for over 2200 hours (Figure 35) even without a Teflon overcoat. 

Both the TFE and the FEP/TFE overcoated double wrapped "pyrrone"- 

Kapton wires IIB and IIC also showed no significant change over the 

2400 hour period.   Consequently,  no evident advantages accrued as a 

result of the overcoating,  other than increasing the mean insulation 
13 resistance value by about one order of magnitude (from 10      to 

14 5x10      ohms) (Figure 36).    This relatively insignificant increase was 

achieved, however,  at the expense of much added weight. 

Single wrapped P13N -Kapton wire (Type IV) showed gross 

degradation after 400 hours (Figure 37); however,  its double wrapped 

counterpart (Type V) (Figure 38) showed a change of only three orders 

of magnitude after 1000 hours (5 x 1013 — 1010 ohms).    When the 

single wrapped P13N-Kapton wire (IV) was overcoated with one or two 

layers of TFE Teflon to provide wires IVA and IVB,  respectively,  the 

resultant wires showed no significant degradation after 1700 hours, 

which was the duration of the test (Figure 39). 
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Table XXIII.   Insulation Resistance as a Function 
of Thermal Aging in Air at l§(rf* 
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Figure 33.   Insulation resistance as a function of thermal 
aging in air at 550 F — Wires type I and IB 
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It is also to be noted that the double wrapped "pyrrone" (HR-100)- 

Kapton wire (II) was superior to the double wrapped P13N-Kapton wire V 

at this temperature. 

Also of importance are the results of tests on a MIL-W-81381 

wire from Milo Carolina Corp.    This wire has a Teflon FEP-Kapton 

wrapped insulation and is available in both a double and single wrap. 

A graph of data on the single wrapped wire is shown in Figure 40.    Not 

evidenced in this graph, however,  is the observation that the wire was 

peeling at both ends for a distance of 1 to 2 inches and that the insula- 

tion resistance measurements were obtained by keeping the unraveled 

ends out of the water.    Furthermore,   at the aging temperature the 

exposed FEP fuses together and wires left in contact cannot separate 

easily. 

Data used in plotting the graphs described above are tabulated in 

Table XXIII.   It is to be noted, however, that although duplicate wires 

were run,  the graphs were plotted from the best of the two because this 

provided a better indication of the wire potential,  especially consider- 

ing the fact that these wires are all experimental and optimum produc- 

tion parameters had not been established.    It should be noted,  however, 

that for wires I, IB, IC, IIC, IV, V and VI there was no significant 

difference between the two wires of the pairs. 

c.   Air Aging at 3160C (600oF) 

Tests conducted at 316 C (690 F) were terminated after 

1019 hours.    Even after this elapsed time several wires had not 

failed although their insulation resistance had dropped.    Test results 

are tabulated in Table XXIV and graphs of the data are illustrated in 

Figures 41 through 45. 

Figures are drawn using data on the best of the duplicate wires for 

the same reasons mentioned above.    Furthermore,  for the "pyrrone" 

type polymers HR-100 and HR-300,   scale-up synthesis parameters have 

78 



Table XXIV. Insulation Resistance as a Function of Thermal 
Aging in Air at 600oF- 

II.mr» UJniM 
III 

OIllMH 
11 

Ulntix 
11 IIA 

(Munn 
llll 

OIllMH 
UC 

Ohio» 
IV 

Ohm. 
1VA 

(llin.s 
IVi: 

Ohm» 
j        V 

OI.IOH 
VI 

Ohti.x 
VIA 

Ohn x 

j        0® 1x10 S.I01J ixln'-1 2xlO,J 0 2. Ill13 
I.IO14 5, l,l'4 2.10,■, 7xlo'3 1 . io'' 6x10" 7xlO!0 6.10'3| 

© 1 x  111 .«,„" S,!.!11 ..in" ®  1  . Ill'3 5.in'4 s.io'4 » «  lo'3 6xl0'3 3 . IO13 6.1013 Lxio'" 7xl0'3 

4»0 8 x  111' ' 2.I..'-' ,.io'^ J, IO" 0  8.   IO13 
ixll,'4 |2.10'4 1  x IO14 5xl0'3 6 x  10 5 x io'3 IxlO14 IxlO'4 

© 5 > lo" 2xl0'•, 3.10U S.IO11 ® Vxlo" »xlo'4 6xl0'3 1  x lo'4 5.10'3 6 « IO13 4xl0'3 6.I0'3 IxlO'4 

N,0 

|            © 
216© 

9 i. lo" 

1 x lo'3 

1 i lo9 

7x •0B 

1 x 10 

u 
7 x 10 

, , lo'" 

2 x U)1 ■' 

3xl0'•, 

i.io13 

h « in'J 

1 x 10 

01XIO'4 

© 4 x  io'3 

O5xl0'3 

i.io'4 

. . io'4 

3X1,.'4 

1   «  IO14 

1  xlo'" 

2xl0'4 

6 x IO13 

8 X  lo'3 

1 ;•   io'2 

6 x io" 

5xl013 

4 x IO13 

7 x IO11 

3 . IO13 

6 x 1011 

IxlO»4 

«.IO'3 

I.IO13 

DrUm- 
Inxtiin 
4-6' 

D.1.1. .- 
in.ttii ii 

© 1 x lo" i.io'4 3>10'4 s«io'3 ®  3x IO12 ixlo'4 8xl0'3 1  X   io'3 1 x IO14 1 « IO14 3xl0'2 

21.» 0 4 x lo" in lo1* 5xl0'4 3,,011 0 5 x  10S I.IO14 3xl0'2 5 X IO12 4xl0'3 5 x 10 3.10'2 

© 3 X lo" 1 x lo'' 3 . 10'4, inlOU ©  3 x io" 3xl0'4 8,10" 5 X 1012 3xl0'3 J x ID11 IxlO12 

336 0 Sx lo" H.IO11 IxlO14 5.10" 0   1  x IO9 5.10'4 2,10'4 IxlO'0 3.10'2 3 . IO13 5x io'2 

© 3 x lo" 4x 10b i.io'4 ä x io'2 0 7 x io'2 5xl0'4 3 x K,'0 5 x   IO1' 3.10'3 3 x IO13 5xl0'2 

3»4 0 1 X lit' »xlo" 2 x 109 3 x 10U © 6 , IO8 1 . io14 3xl012 5 X IO12 1 « io" 5 x IO10 in IO12 

© 1 X 108 6xlo'3 3xl014 3,.0li © 6 x io"1 2xl014 2xl0'2 5 . IO12 S . IO7 6 « IO11 2.10'2 

j    4-6© 1 x 108 3 x 1013 ■,, 10K ixl.'2 0  5 x  IO9 7x  108 IxlO13 2 i IO12 5 x IO7 5 x IO7 3xl0'3 

j            © 4 x 107 iiio" 3 x lO9 5.10'2 ©   3« io'2 3xin'2 
2.10'2 1 x io" 4 X IO7 3 x IO5 IxlO'3 

604 0 5 X 107 4xl08 3 x lo'4 i.io12 0 8 x 10' 3xlo'4 2xl013 4x 108 1 x 10T 2 x IO6 8x10" 

® 3 x 107 2x lo" 3xin'4 :x,o12 0  3x1)" i.io'4 3x10'° 3x 108 4 . IO7 9 x IO5 5 x io" 

S52 0 3 X 107 IxlO8 ».n« 5x1.'" 0 Short, rt 5xl0'2 5xl0" 5 x 1010 Shortod Short id 3xl012 

© 1 X 107 5 ,. 106 5x1  '2 5.10" @ Short.'! 1 x IO13 5 x io" 5x10"' Short. d Short, o 2 x io" 

624 0 l  , lO10 9 x lO9 8 •< lO9 9 x IO9 2xl0'3 5 x IO1' 8 x IO9 5X10'° 

© IxlO10 ,        in"1 
1 x 10 ? x in12 7.1011 Ixlü" 2xl012 5xl09 IxlO10 

672 0 1.10'° 3x II6 6.1l'i 5x10" 3.I0'3 4,!   '2 2x1   l0 3xl0% 

© IxlO10 2x nb 
3,10'': 2,lü" s.io'2 

IxlO'2 IxlO'0 1x10" 

720© I x 107 3» 106 4xl010 6x10" 3xl0'3 «.■O12 
Short  d 5x10* 

© 1 x I07 2x 106 3 x 10T 4 x IO11 5.10'2 5x1," Short  d 1 x IO12 

789© SKirt.-H Shorfrl 1 x 109 3x10" 3xl013 3.10'2 3x 10* 

© Short.d Shurt ■<! 2 x 10 3x10" 3 x IO7 7xl06 2x10" 

809© 2 x 109 6 x io" 3xl013 SxlO12 4x IO6 

© 7 x 107 5 x IO1' 3 x IO7 2xl07 5X1010 

»54© 5 x 109 !;.   10" s.m'3 
IxlO12 3x IO6 

© 2x1," 3,10" 3.107 2x 10fc 5x1   10 

923© 4 x 106 » x IO6 1 x io'3 2 x io" Shorted 

© 3 x 106 8.10'° 2x IO6 9x IO6 3x10"' 

9710 Sx 106 1 x IO6 3xl0'3 3x10" 

© 3 x 106 Sh..rteH 1 x IO6 9x IO6 IxlO'2 

1019© Shorted IxlO7 i.io'4 7xl06 

© 3« 106 Shorted 2 x IO6 3x1   " 

Insulation resistance measurements were made at ambient 
temperature. 
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Figure 40.   Insulation resistance as a function of 
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Figure 41.    Insulation resistance as a function of thermal 
aging in air at 600oF — Wires type I and II 
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also not been established and resins synthesized on the bench scale 

tend to vary somewhat from batch to batch.    Nevertheless,  the graphs 

as plotted demonstrate the potential of the various wires. 

There is little doubt that the double wrapped HR-100-Kapton wire 

(II) was superior to its single wrapped counterpart (I) (Figure 41),   Not only 

d.-d it have a higher insulation resistance throughout the test,  but also 

it shorted much later,   971 hours versus 789 hours.    Furthermore, 

even after 854 hours the insulation resistance of the double wrapped 
13 11 wire (II) had fallen only 2 orders of magnitude (10     —»10      ohms) 

whereas the single wrapped wire (I) lasted only 216 hours before a 

comparable drop was observed. 

Teflon type overcoats,  on either single wrapped or double 

wrapped wires,   improved performance presumably because the over- 

coats retarded oxidation.   However, the overcoats themselves failed 

due to shrinkage prior to the failure of the substrates.    Overcoated 

wires IIB and IIC (Figure 42) as would be expected,  outperformed the 

overcoated wires IB and IC (Figure 43).    Both wires IIB and IIC 

passed 1000 hours without failure and without gross degradation, 

whereas IB shorted near 789 hours and exhibited significant degradation 

near 300 hours.    In contrast,   wire IC showed signs of gross degrada- 

tion near 700 hours. 

With the P13N-Kapton type wires the double wrap again proved to 

be best (Figure 44).    In this case the double wrap survived 1000 hours 

without gross degradation,  whereas the single wrap was shorted when 

tested at 720 hours.    Overwrapping the single wrapped P13N-Kapton 

wire (IV) with Teflon TFE yielded the wires IVA and IVB but in this 

case the overwrap not only failed to improve the wires,  but also 

appeared to make them fail sooner,  both at 552 hours (Figure 45). 

Wires VI and VIA are the commercial FEP-Kapton insulated 

wires from Milo Carolina Corp.    The former is a single wrapped wire 

and the latter is double wrapped.    Tests with these were terminated 

after only 48 hours because the wire ends had delaminated,  the 

former about 4 to 6 inches and the latter about 1 to 2 inches.    The 

wires also had become fused together. 
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d. Air Aging at 3710C (700OF) 

Hyperthermai aging studies in air at 371  C (700 F) were also 

conducted on the type II,  VII,  VIII,   and IX wires.    More specifically 

these are the HR-100-Kapton double wrap, HR-100-Kapton triple wrap, 

HR-300-Kapton double wrap,  and the HR-300-Kapton triple wrap, 

respectively.    Results of these tests are shown in Table XXV. 

Graphs of these results are shown in Figure 46.    It is evident 

from these data that the double wrapped wire 11 survived 80 hours 

whereas VIII survived for about 90 to 9   hours.    In contrast the triple 

wrapped wires VII and IX were both still good after 150 hours.    Tests 

were term.nated at this time. 

e. Non-Cyclic Thermal Soaks 

Another type of thermal soak test was conducted on "pyrrone"- 

Kapton,   (Type I) and on Teflon TFE overcoated "pyrrone"-Kapton 

(Type LA) insulated wires 

In these tests the wires were wrapped in aluminum foil,  then 

placed in an oven,  and insulation resistance measurements were made 

periodically at the soak temperature.    Soak temperatures were 600  F 

for 120 hours and 700  F for 48 hours.    Results of these tests are 

shown in Table XXVI and were obtained at the soak temperatures. 

At 3160C (600OF) and 3710C (700oF) the "pyrrone" -Kapton and 

both Teflon overcoated "pyrrone" -Kapton insulated wires held up 

remarkably well.    The Teflon overcoated wires performed better than 

the "pyrrone" (HR 100)-Kapton alone.    Test results generally showed 

a ±1 order of magnitude variation if the single low value is discounted; 

thus,  over the 120-hour period at 316 C (600 F) the insulation resis- 

tance of the "pyrrone"1 -Kapton insulated wire (I) remained in the 
8 9 10   to 10    ohm range throughout the test,  the single wrapped Teflon 

on "pyrrone" - Kapton (IA) remained in the 10      ohm region,   and the 

double wrapped Teflon on "pyrrone" -Kapton (IB) remained in the 10 

ohm range.    A comparable order of stability was observed over the 

48 hour period at 371  C (700 F).    Wires became blackened and 

embrittled as a result of the 371  C (700 F) exposures. 
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Table XXV.   Insulation Resistance as a Function 
of Thrrmal Aging in Air at 700 F* 

Time 11 vn VIII IX 
Hours Ohms Ohms Ohms Ohms 

0 © 
® ■ 

3xl0i2 5xl012 3xI012 SxlO12 

3xl012 SxlO12 3xl012 SxlO12 

16 © 3xl012 
5x 1012 3xl012 SxlO12 

>*• 

© 3xl012 5 x lO12 3xl012 SxlO12 

40 © 5 x 1011 3 x 1011 SxlO11 3X1011 
^m^ 

Q 3 x 1011 2 x lO11 5x lO11 SxlO11 

56 © 2 x 1011 3 x 10U IxlO10 IxlO12 

© 5 x 1011 5 x lO11 5X1011 IxlO12 

62 © 3 x 1011 SxlO10 IxlO11 IxlO10 

© 1 x 1011 3xl010 
2xl010 

2xl010 

70 © 1 x 109 2xI010 2 x 109 S x 1010 

© 5 x 109 5xl010 1 x lO^ SxlO10 

77 © 2x 108 9 
5 x 10^ SxlO10 IxlO11 

© 5 x 109 6x 108 SxlO10 2x10" 

86 © ZxlO10 5 x 109 IxlO10 SxlO10 

© 8 x 108 5xl010 5 x 109 IxlO10 

93 © Shorted 6x 106 3xl010 IxlO11 

® 5x 106 5xl010 ZxlO10 IxlO11 

101 © — 5xl010 5x 108 S x 109 

® Shorted 8x 106 Ix^10 SxlO10 

117 © — IxlO10 Shorted SxlO10 

® — 5xl010 Shorted 3xl010 

125 © — 5 x 1011 — IxlO12 

® — 5 x 1011 — IxlO11 

141 © — 3 x 1011 — SxlO11 

® — 3x 1011 — IxlO11 

150 © ~ 1 x 1011 — 3 x 1010 

® — 5 x 109 — 3x 106 

Insulation resistance measurements were made at ambient 
temperature. 
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Table XXVI.    Insulation Resistance of ,,Pyrrone"-Kapton 
Insulated Wire as a Function of Thermal Aging — 

Type IA and IB Wires — Non-cyclic Test 

Test Conditi« ns Insulation Resistance ,    Ohms 

Temporaturr, :;: Time, 
hours Type I Type IA Type IB 

"F 0C 

75 Li 0 1 x lU1^ 3X1011 8xl012 

600 316 •1 2x ID8 2x10" 2x10^ 

600 8 3x 108 BxlO11 4xl012 

600 LA 2x 108 2xlü^ 2xlOn 

600 48 
o 

3 x 10; 2xl010 IxlO10 

600 76 
q 

2 x  10; 5 x 109 IxlO13 

600 1ÜÜ 
9 

1 x  107 5xl012 IxlO13 

600 120 2 x 10^ SxlO12 2x10" 

700 371 8 2x 107 3xl010 3xl0,1 

700 LA 3 x 107 ixl«10 4xl010 

700 48 2x 107 q 
2 x 107 4X1011 

*Note:   The 3710C (70 0  F) rneasureme nts were made aftei the 120 hour,   3160C (600oF) 
test was completed. 
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Figure 46.   Insulation resistance as a function of thermal aging in air 
at700oF-Wire   types II,  VII,   VIII,  and IX 
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2.    HUMIDITY TESTS 

"Pyrrone" (HR-lOO)-Kapton insulated wires overcoated with per- 

fluoroalkylenetriazine and Teflon TFE were heated at 850C  (185°) 

for 28 days at a relative humidity of 95 percent.   Insulation resistance 

measurements then were made with the wires submerged in water as 

well as out of water.    For the elevated temperature tests wires were 

wrapped in aluminum foil,  then gradually heated in a tube furnace with 

measurements being made after each temperature equilibrium was 

achieved. 

Wires first were tested at ambient temperature,  at 93  C (200  F), 

and at 149 C (300  F).    They were then cooled to ambient temperature 

and retested over the full temperature range to 315  C (600  F).   After 

reaching 315 C they were allowed to remain at this temperature for 

I hour.    They were again cooled and retested at various temperatures 

between ambient and 427 C (800  F).    During the first heating cycle 

(to 315  C,   600  F) water was evolved in progressively smaller amounts 

as the wires dried,  but after the 1 hour heating period,   water evolution 

was no longer evident. 

Results of tests on the perfluoroalkylenetriazine overcoated wire 

are presented in Table XXVII (Figure 47), whereas results obtained on 

the Teflon TFE overcoated wire are shown in Table XXVIII. 

Graphs showing the insulation resistance of the perfluoroalkylene- 

triazine as a function of temperature as shown in Figures 48,  49 and 

50.    Figure 48 represents wire in which the perfluoroalkylenetriazine 

was cured at 50 C (122   F) (4 hours).  Figure 49 illustrates a similar 

wire cured at 100 C (212  F) (4 hours),  and Figure 50 illustrates a 

similar wire cured at 150  C (302   F) (4 hours). 

Results of these studies may best be compared by an examin- 

ation of Figures 51 and 52.    Figure 51 compares the three wires 

after they had been predried to 149 C (300  F).    From these compar- 

isons it appears that the longer the perfluoroalkylenetriazine over- 

coat is cured the better is its resistance to water in the 95 percent 

relative humidity test [28 days at 850C (1850F)] .   A similar 
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Table XXVII.    Insulation Resistance of Perfluoroalkylenetriazine 
Overcoated "PyrroneM-Kapton Wire as a Function 

of Temperature 

Cycle 
Tempt jrature 

l                                                                 ** 
l                     Insulation Resistance >    Ohms                    j 

1             50OC 100OC |           150OC          | 0F 0C 
Triazine Cure Triazine Cure Triazine Cure 

75* 24* 6 x 106 6 x 105 1 x 108          | 

75 24 1 x 108 4 x 107 1         1 x 108          i 
I 

200 93 3x 108 Ix 108 5 x 108 

300 148 1 x 109 2 x 109 4 x 109          | 

75 24 6x 107 7 x 107 1 x 108          I 

200 93 Ix 108 5x 108 1 x 109          j 

300 148 4x 108 8x 108 2 x 109         j 

1     " 400 204 4x 108 3 x 109 5 x 109          | 

500 260 4 x 107 4 x 107 1 x 108 

600 315 6xl06 8x 106 1 x 107 

650 343 5xl06 8 x 106 1 x 107          | 

75 24 6xl012 6xl012 6xl012 

200 93 3xl012 3xl012 4xl012 

300 148 7X1011 4 x 1011 6X1011 

400 204 3xl010 3xl010 4xl010 

|     III 
500 260 2 x 109 2 x 109 3 x 109          | 

600 315 4 x 107 6 x 107 8 x 107 

700 371 3 x 106 3 x 106 4 x 106 

800 427 : 3 x 105 3 x 105         1 4 x 105         j 

* Readings taken in w ater bath.   **30 inch lengths. 
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"pyrrone"-Kapton wire as a function 

of temperature 

89 



Table XXVIII.   Insulation Resistance of Teflon TFE 
Overcoated "Pyrrone"-Kapton Insulated Wire as a 

Function of Temperature 

Cycle 

Insulation Resistance, Ohms 

Temperature Wire IA 
(E2259-62D) 

Wire lAt 
(E2259-62E) 

!        Wire IB 
(E2259-62F) 0F °c 

75* 24 3 x 109 3x 106 7xl012 

75 24 IxlO10 1 x 108 IxlO13 

I 
200 93 3 x 108 6 x 107 3xl012 

300 148 2 x 109 3 x 108 3xl012 

75 24 3 x 108 8 x 107 3xl012 

200 93 8x 108 3 x 108 TxlO12 

300 148 3 x 109 3 x 108 6xl012 

II 400 204 3X1011 8 x 109 2xl012 

500 260 7xl010 3 x 109 3X1011 

600 315 2X1011 8 x 109 4 x 1011 

650** 345 2xl011 Q 
2 x 10^ 2X1011 

75 24 3xl013 2xl013 2xl013 

200 93 2xl013 2xl013 2xl013 

300 148 7xl012 5xl012       \ 9 x 1012        1 

400 204 4 x 1012 IxlO12       1 IxlO13 

1    HI 
500 260 3xl012 2X1011 7xl012 

600 315 2xl012 2xl010 2xl012 

700 371 6X1011 2 x 108 6xl011 

800 427 5xl010 3 x 106 4xl010       1 

* Readings taken with w are under water 
**Readings taken befort : heat soak at 650 F in argon 

j     tThe TFE sintering tir ne was slightly longer in this < :ase.                    j 
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Figure 52.    Insulation resistance as a function of temperature 
perfluoroalkylenetriazine overcoated " pyrrone"-Kapton 

conclusion is reached when comparing the wires after they have been 
fully dried [to 343   C (650  F)] ; however in this case the relative 

advantage of one over the other was relatively minor and virtually 

insignificant.    This probably indicates that very little perfluoroalky- 

lenetriazine remained on the wires after the 343  C (650  F) drying 

cycle.    Decomposition of the perfluoroalkylenetriazine above 316 C 

(600  F) is certainly evidenced. 
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Insulation resistance of the Teflon TFE overwrapped "pyrrone"- 

Kapton insulated wire is graphically illustrated as a function of temper- 

ature in Figures 53 through 56.    Figures 53,   54,   and 55 illustrate the 

results on individual wires and show how the insulation resistance 

varies not only with temperature,   but also with the dep   ^e of redrying. 

Figure 56 is a comparison of the various wires after thorough redrying. 

From this illustration it is readily apparent that the wire in which the 

Teflon TFE was sintered for 126 seconds at 5380C (1000OF) was inferior 

to the wire in which the sintering was completed in 66 seconds.    This 

is very likely due to the degradation of either the Kapton or "pyrrone" 

undercoat at the 538 C (1000  F) sintering temperature. 

It will also be noted that the double wrapped Teflon TFE 

overcoated wire was superior to its single wrapped counter- 

part up to 343 C (650 F), but that it is essentially equal to or slightly 

poorer than the single wrapped wire between 343 C (650 F) and 427 C 

(800 F). Both the double wrapped and single wrapped wires certainly 

recovered very well from the humidity exposure and both show excel- 

lent insulation resistance up to 427   C (800  F). 

Figures 57 and 58 are comparisons between Teflon overcoated 

"pyrrone' -Kapton insulated wires which had not experienced high 

temperature humidity exposure and which had been redried after the 

high humidity exposure.    In both cases the humidity exposed wire was 

better after drying than a similar wire which had not experienced the 
extended humidity test.    This observation was also made on "pyrrone"- 

Kapton wire which had no Teflon overcoat.    No explanation for this 

phenomenon is available at the present time. 

Another set of humidity tests was conducted on nine wires. 

This series included various "pyrrone" (HR-100)-Kapton insulated 

wires as well as one P13N-Kapton insulated wire.   Insulation resis- 

tance measurements were made before exposure and after exposure to 

the 95 percent relative humidity and 820C (180OF) for 28 days (672 

hours).    Wires were retested,   then dried at 120  C for 16 hours and 

retested again.    Results are shown in Table XXIX. 
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Figure 53.    Insulation resistance of Teflon TFE overwrapped 
"pyrronel,-Kapton insulated wire after 23 days at 

95 percent relative humidity 
(single wrap,  60 sec sinter) 
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Figure 55.    Insulation resistance of Teflon TFE overwrapped 
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95 percent relative humidity 
(double wrap,  60 sec sinter) 
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Figure 57.    Insulation resistance of Teflon TFE 
overwrapped "pyrrone"-Kapton insulated wire 

before and after humidity test 
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Teflon TFE on "pyrrone" 
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Table XXIX.    Insulation Resistance of Various Wires 
After 28-Day Humidity Exposure 

Wire 
Type 

Wire No. 
E2259-9« 

Insulation Resistance," Ohms 

Before 
Exposure 

After 
Exposure 

After Exposure 
and Redrying 

II 

IA 

IB 

IC 

IIA 

IIB 

IIC 

IV 

-3 

-4 

-6 

-8 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

2 x 10 

1 x 10 

6 x 10 

7 x 10 

6 x 10 

4 x 10 

2 x 10 

2 x 10 

2 x 10 

2 x 10 

13 

13 

13 

13 

13 

13 

14 

14 

14 

14 

2xl013 

5 x 10 

2 x 10 

2 x 10 

3 x 10 

3 x 10 

3 x 10 

4 x 10 

13 

14 

14 

14 

14 

13 

13 

4 x 10 

5 x 10 

3 x 10 

2 x 10 

6 x 10 

6 x 10 

6 x 10 

3x10 

8 

7 x 10 

1 x 10 

10 

13 

13 

12 

12 

13 

13 

13 

2 x 10 

14 

11 

1 x 10 

1 x 10 

1 x 10 

1 x 10 

6x10 

3 x 10 

3x10 

8 

14 

14 

13 

13 

13 

13 

5 x 10 

2x10 

2 x 10 

4 x 10 

6 x 10 

5 x 10 

3x10 

10 

13 

13 

13 

13 

13 

14 

5 x 10 

5 x 10 

5 x 10 

2 x 10 

14 

14 

14 

13 

3 x 10 

5 x 10 

3 x 10 

3 x 10 

5 x 10 

5x 10 

Ix 10 

8 

14 

14 

14 

14 

12 

13 

"30 inch lengths, 
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It is evident from these tests that most of the wires held up very 

well.    One of the non-coated single wrapped "pyrrone"-Kapton wires 

(I) and one of the overcoated double wrapped "pyrrone"-Kapton wires 

showed a significant drop in the insulation resistance but in both cases 

the corresponding duplicate wire was affected much less. 

The effect of humidity on wires tested in this series was,   in 

general,   much less than that observed on earlier series such as the 

perfluoroalkylenetriazine overcoated wires (Type ID).    The results 

shown in Table XXIX do,   however,   contain data on wires in a more 

advanced state of development. 

3. DIELECTRIC BREAKDOWN 

Dielectric breakdown measurements were also made on nine 

types of wires.    Tests were performed by applying an A.C.  potential 

between the anionic wetted water and the wire conductort in which the 

wires were submerged.    Voltage was increased from zero,   at a rate 

not to exceed 500 volts per second,   to a potential of 2500 volts.    After 

1 minute at 2500 volts,  the voltage was decreased to zero,   at a rate of 

500 volts/sec.    After this test was completed,  total breakdown was 

run.    Results are shown in Table XXX. 

4. INSULATION CUT-THROUGH TESTS 

Cut-through tests were performed on "pyrrone" (HR-lOO)-Kapton 

insulated wire (Type I) and on Teflon TFE overwrapped "pyrrone"- 

Kapton insulated wire (Type IA and IB).    Ambient temperature tests 

ware conducted by applying an 8000 g load to the insulated wire.    The 

deformation wedge had a radius of 0.015 inch.   All three wires passed 

the 24-hour test without electrical shorting. Tests were performed at 

260OC   (500^),   3160C  (600OF).  and 3710C (700OF).  using a 3000 g 

load.    The 0. 015 inch radius deformation wedge was used in all cases. 

The wires also passed these tests after 24 hours at the designated 

temperature.    Electrical shorting was not observed in any case.    The 

test device is illustrated in Figure 59. 

104 



Table XXX.    Dielectric Breakdown Measurements 
on Various Wires 

Wire 
Typc 

Insulation Resistance,  
i)hms 

Tost to 
2500 ♦ 
Vac- 

Breakdown 
Voltage 

KV 

Total 
Insulation 
Thickness, 

mils 
(Both walls) 

Kilovolts per 
mil of 
wall Before After 

I 

II 

ä     IA 

IB 

j    IC 

!    ILA 

UM 

IIC 

IV 

-ixIO1^ 

6x  10H 

7s  I0H 

1M014 

1 x   I014 

2x   10H 

2x   1014 

2 x   1()14 

7xl0H 

I x H13 

4 x  lO15 

1 x  10li 

6 x lO15 

2 x  1014 

2 x  lO15 

1 x  1014 

2 x  1 0 n 

8 x  10n 

Passed 

Passed 

Passed 

Passed 

Pas scd 

Passrd 

Passed 

Passed 

Passed 

7.5 

16.5 

16.0 

15.0 

22.5 

7. 0 

18.0 

25.0 

16.0 

6.5 

8.5 

10.5 

14.5 

19.0 

12.5 

16.5 

21.0 

3.0 

2.4           i 

i.8 

i.2 

2. 0 

2.4 

1.2 

2.2 

2.4 

10.6          j 

* Requirement of MIL-W-rtHHl                            **30 inch lengths 

5.    LIFE CYCLE BEND TESTS 

Life cycle bend tests were conducted in accordance with speci- 

fication MIL-W-81381 (Paragraph 4.7.5.12-1,   2,  and 3).    The wire 

samples with 3/4 pound weights on each end were hung over a I/2 

inch diameter mandrel in an air oven at 3l60C {600OF) for 120 hours. 

They were then cooled to ambient temperature,   removed from tension, 

and straightened.    The non-overcoated "pyrrone"-Kapton insulated 

wire (Type I) showed some signs of delamination and there were fine 

cracks along the full length of the wire.    However,  neither of the 

Teflon overwrapped wires (IA and IB) showed visible damage. 
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BALANCE 
WEIGHT 

Figure 59.    Insulation cut through tester 

Wires were then wound with tension around the 1/2" diameter 

mandrel for their full length,   and then unwound and rewound in the 

opposite direction.   As a result of this wrapping and rewrapping, the 

Type I wire delaminated approximately every 1/2 inch.    However, 

neither of the Teflon overwrapped wires (LA and IB) showed evidence 

of damage. 

Subsequently,  insulation resistance measurements were made 

at ambient temperature in a 5 percent aqueous sodium chloride solu- 

tion.    Both ot the overwrapped "pyrrone"-Kapton insulated wires 

(LA and IB) held up extremely well,  whereas the non-wrapped single 

layer "pyrrone"-Kapton insulated wire shorted.    The test results are 

shown in Table XXXI. 

Life cycle tests on the non-coated (Type I) and the Teflon TFE 

overcoated wires (IA and IB) were also conducted using a 1/4 inch 

diameter mandrel.   Here also samples were exposed to air at 316 C 

(600OF) for 120 hours.    None of the wires passed this test since they 

all shorted when insulation resistance measurements were made (in 

5 percent NaCl solution). 

Thus,   although none of these three wires could pass the 1/4 inch 

mandrel test,  the Teflon overcoated wires successfully passed the 

1/2 inch diameter mandrel test. 
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Table XXXI.    Insulation Resistance of Various Wires After 
1/2 Inch Diameter Mandrel Bend Tests 

Insulation Wire No. Test No. 
E2259- 

Insulation Resistance, 
Ohms                        | 

Before After          | 

"Pyrrone" -Kapton 
single layer 

I 71A 1 x 107 Shorted 

"Pyrrone"-Kapton 
with Teflon over- 

IA 71B 2xl012 3X1011 

wrap I 

"Pyrrone" -Kapton 
with Teflon over- 
wrap (double) 

IB 71C IxlO12 6X1011 

6,    COLD BEND TESTS (MIL-W-81381-4.7.5.9) 

Cold bend tests were conducted on various wires at -65° ±20C 

after they had been exposed to this temperature for 4 hours.    These 

tests were performed by wrapping the wires around a 1/4 inch diameter, 

mandrel revolving at a rate of 2 r.p.m.    Wires were removed and 

inspected for damage and insulation resistance measurements were 

taken and compared to measurements made before exposure. 

Results of these tests are shown in Table MXXII.    Wire I showed 

the greatest change,   falling from 10      ohms to 10   and 10    .    It was a 

single wrapped "pyrrone" (HR-100) on Kapton (2 mil) insulation.    In an 

earlier test a similar wire also showed significant change when wrapped 

on the 1/4 inch mandrel, but performed well when wrapped on a 1/2 

inch diameter Tnandrel. 

In contrast to wire I,  wire II showed virtually no change.    The 

latter was a double wrapped "pyrrone" (HR-100) on 1 mil Kapton. 

Thus,  the advantages of double wrapping are quite evident.    Wires IA 

and IIA have the same substrates as I and II respectively, but in addi- 

tion they have a single layer Teflon TFE overwrap.    These wires 
13 showed 2 and 3 orders of magnitude change respectively (from 10 

to 10      and 10      to 10      ohms).    A change of this magnituae does not 
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Table XXXÜ.    Insulation Resistance as a Result 
of Cold Bend Tests 

Wire 
Type 

Insulation Resistance (Ohms) 

Before (average 
of duplicates) 

After (average 
of duplicates) 

Comments 

I 3xl013 2 x 106   and    9 x 109 Wrinkled but no 
evident cracks 

II 5xl013 IxlO13 Wrinkled but no 
evident cracks 

IA 4 x 1013 5X1011 Wrinkled but no 
evident cracks 

IB 8xl013 4xl012 Wrinkled, one 
crack evident 
in the TFE 

IC 2 x 1014 2xl013 

overwrap 

IIA 

IIB 

IIC 

IV 

4 x 1013 

2 x 1014 

2 x 1014 

6xl013 

IxlO10 

IxlO13 

2 x 1013 

5 x 1012 

Badly cracked . 

appear serious although it certainly is undesirable.    The remaining 

wires,  IB,   IC,  IIB,   IIC,  and IV all showed only one order of magnitude 

change.    This is definitely insignificant and is typical of the variations 

normally experienced. 

Cold bend tests were also performed on four other types of 

wires.    These tests were -un in accordance with MIL-W-81381, 

paragraph 4. 7. 5. 9,  with the exception that the weight applied to the 

wire was 1. 5 pounds rather than 0. 75 pound because the latter was 

insufficient to provide a tight wrap on the mandrel.    Samples were 

tested in duplicate and results of these tests are shown in Table XXXIU. 

: 
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Table XXXIII.    Insulation Resistance of MPyrrone"(HR-100)-Kapton 
Insulated Wires After Cold Bend Tests 

Wire Type 
Type 

of 
Overcoat 

Insulation Resistance, 
Ohms Comments 

Before After 

I None 

3x 106 

4 x 107 

Shorted 

5 x 105 

No cracking, 
but some 
delamination 

No cracking, 
but some 
delamination 

ID Perfluoro- 
alkylene- 
triazine 

IxlO13 

2xl012 

TxlO11 

6x 106 

No cracking, 
but some 
delamination 

No cracking, 
but some 
delamination 

IA Single 
wrapped 
Teflon 

8 x 1011 IxlO13 No cracking, 
and no 
delamination 

IB Double 
wrapped 
Teflon 

8 x 1012 

6xl012 

3xl010 

2 x 1012 

No cracking, 
but some 
delamination 

Tests were conducted by winding the wires on a mandrel at 

-65  C (-85  F) after a 4-hour conditioning at this temperature,  and 

insulation resistance measurements then were made at ambient tem- 

perature in a 5 percent sodium chloride solution.    The Teflon TFE 

overcoated wires showed very minor changes,  whereas one of the 

perfluoroalkylenetriazine overcoated wires and one of the noncoated 

wires showed a significant loss of properties. 
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SECTION IV 
SUMMARY AND CONCLUSIONS 

Perfluoroalkylenetriazine, polybenzothiazole, polyterphenylene- 

oxide, silicone XR-4083, P13N polyimide, poiyimidazoquinazoline and 

two types of "pyrrone" polymers were evaluated as potential electrical 

wire insulation. 
All o£ these materials have good electrical properties at ambient 

temperature although zinc oxide filled polybenzothiazole has a high dis- 

sipation factor and the insulation resistance of perfluoroalkylenetria- 

zine drops somewhat more rapidly with increasing temperature than 

several of the other polymers. 
Polyterphenyleneoxide had exceptionally good electrical properties 

but was toobrittle touse as a wire insulation.    Poiyimidazoquinazoline 

was also too brittle. 
All of these polymers were evaluated as adhesives for Kapton 

polyimide in an effort to utilize them in wrapped insulation.    In this 

respect the perfluoroalkylenetriazine,  polyterphenyleneoxide and sili- 

cone XR-4083 were especially poor,  particularly at temperatures over 

260oC (500oF). 
Materials which failed to provide adequate adhesion for Kapton 

polyimide were evaluated as overcoats for "pyrrone" bonded Kapton 

insulation.    In this capacity the perfluoroalkylenetriazine was useful 

for short periods up to 600-700oF (316-37 10C) but it could not take 

prolonged exposure in this temperature range. 

Polybenzothiazole was a good adhesive for Kapton when filled with 

zinc oxide, but the filler degraded its electrical properties.    Without 

the zinc oxide it was not as good an adhesive and its thermal stability 

was poorer. 
A large portion of the research effort was devoted to the study of 

HR-iOO pyrrone and P13N polymide because these materials provided 

excellent adhesion for Kapton as well as excellent long term thermal 

stability and good dielectric properties. 
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Both of these materials were successfully converted into wrapped 

insulations after they were coated onto 1 mil Kapton polyimide tape. In 

both cases double wrapped wires were significantly superior to single 

wrapped wires.    Triple wraps were better yet,  but by a small margin. 

Both types of wires appeared to have virtually indefinite life expectancy 

at 260oC (500oF),  survived over 2200 hours at 2880C (550oF) and over 

1000 hours at 3i60C (600oF).    "Pyrrone"-Kapton insulation also sur- 

vived 100 hours at 371   C (700 F) in a double wrap,  and over 150 hours 

in a triple wrap. 

Teflon (TFE or TFE/FEP) overcoats on the P13N-Kapton or 

"pyrrone"-Kapton insulation improved wires which were to see temper- 

atures of up to 2880C (550OF).    However,  at 3l60C (600OF) such over- 

wraps generally reduced the rate of electrical breakdown but they 

cracked and peeled and consequently cannot be recommended for such 

exposure. 

Cold bend tests,  life cycle bend tests,  95 percent R.H.   - 85 C 

humidity tests,  cut-through resistance tests and insulation breakdown 

tests were also made on the "pyrrone" (HR-100)-Kapton wrapped wires. 

All of these tests were successful. 

In conclusion it is evident that "pyrrone"-Kapton or P13N-Kapton 

combinations can provide useful wrapped insulations for multifilamcnt 

connector wire which is to see temperatures of up to 37 I   C (700 F). 
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what more rapidly with increasing temperature than several of the other 
polymers.     Polyterphenyleneoxide had exceptionally good electrical 
properties but was too brittle to use as a wire insulation.    Polyimidazo- 
qum.i'.iluu' was also too brittle.    All of these polymers were evaluated 
as ac.hesives for Kapton polyimide tape in an effort to utilize them in 
wrapped insulation.    In this  respect the perfluoroalkylenetriazine,   poly- 
terphenyleneoxide and silicone XR-4083 were especially poor,   particu- 
larly at temperatures over 260oC (500oF).    Materials which failed to 
provide adequate adhesion for Kapton polyimide tape were evaluated as 
overcoats for "pyrrune" bonded Kapton insulation.    A large portion of 
the research effort was devoted to the study of HR-100 "pyrrone" and 
P13N polymide because these materials provided excellent adhesion for 
Kapton as well as excellent long term thermal stability and good dielec- 
tric properties.    It was determined that "pyrrone" (HR-100)-Kapton or 
PI3N-Kapton combinations can provide useful wrapped insulations for 
multifilament connectoi  wire which is to see temperatures of up to 
3710C (700oF). 
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