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PREFACE 

ThIS techmcal report was prepared by Hughes AIrcraft Company, 

Culver CIty, Cahforma, under NASA Contract NAS 2-10334. The contract was 

admInIstered under the dIrectlon of the NASA-Ames Research Center at Moffett 

Field, wIth Dr. Robert W. Rosser as ProJect Manager. 

Thls report covers the second year l s work performed from 1 October 

1980 to 26 September 1981. 

The Hughes program manager from 1 October untll 27 February 1981 

was". D. PatrIck Salisbury. From 27 February 1981 untll 26 September 1981, 

the program manager was .... Danute I. Basiulis, Head of the Formulatlons Group 

In the Matenals Technology Department. 

TechnIcal aSSIstance was provIded by Mr. DWIght R. Waterman In the 

FormulatIons Group. Thermal analyses were performed by Ms. Phyllis J. Rourke 

and Ms. J ame H. MathIs. Mechamcal testing was performed by Mr. William J. 

Kelleghan and Mr. Robert R. Muego. Dr. ArthurB. Naselow, Dr. Abraham LandIs 

Mr. Robert W. SeIbold and Mr. Robert E. Mazzolim served as mternal consultants. 
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1.0 SUMMARY AND CONCLUSIONS 

Channel and filletIng sealants were developed successfully from 

cyano- and diamldoxlme-termmated perfluoroalkyleneether prepolymers that 

were supplied by NASA. The prepolymers were polymerlZed, formulated and 

tested. The polymers and/or formulations therefrom were evaluated as to 

thelr physlcal, mechanlcal and chemical propertIes (i. e., speclflc gravity, 

hardness, nonvolatlle content, corrosion reslstance, stress corroslon, pressure 

rupture reslstance, low temperature flexlbllity, gap sealing efficlency, tensile 

strength and elongatlon, dynamlc mechanlcal behavlor, compreSSlon set, fuel 

reslstance, thermal propertIes and processabihty). Other applicatIons of the 

formulated polymers and mcorporatIon of the baslc prepolymers mto other 

polymerlc systems were mvestlgated. A cyano-termmated perfluoroalkylene­

oXIde trIazme was formulated and partIally evaluated. 

The channel sealant In Its present formulatIon has excellent pressure 

rupture resIstance and surpasses present MIL §pepbcatlons before and after 

fuel and heat a;"n g . The sealant remaIns soft and plIable. No hardemn g was -
eVIdent even after long term exposure to fuel. The fuel resIstance of thIS 

polymer IS excellent wlth very lIttle volume change and no welght change. 

even after exposure beyond MIL speclficatIon requlrements at elevated temper­

atures. Gap sealmg efflclency at the 5 mIl reqUIrement was very good: how­

ever leakage developed at 10 mIls. Low temperature flexIbllIty was also 

acceptable. Peel adheSIon samples of the channel sealant, when subJected to 

Ion g term fuel ImmerSIon at elevated temperatures and salt water ImmerSlon, 

showed varIatIons from polymer batch to polymer batch. The behaVIor of the 

channel sealant polymer under the most severe test (3 percent salt water) 

mdIcates a need to further study the polymenzatlOn of the startmg materIals 

WIth regard to cross-lInk denSIty and extent of cure. The speCIfIC gravity of 



the channel sealant IS 1. 7 to 1. 8. The formulatlOn surpasses the MIL 

specIfIcatlon nonvolatlles content requIrement. The channel sealant IS easIly -processable even at very low shear rates and, therefore, apphcatlon should 

p~t no pToblems. 

The filletmg sealant shows excellent resIstance to fuel and other sol-o 

vents and IS much more resIstant than VIton. The present formulatlon shows ... 
no cOrl'~C:"'T'" ... ,fpct on the surface of tltanIum In long term testIng at 288°C( 550°F). 

The se:!ant has good adheSlOn to alumInum and tltanIum. No deterloratlon of 
~ • < 

adnesIve strength resultlng from elevated temperature fuel agIng was noted. 

Lap shear strength and tensIle strength surpass MIL speclflcatlOn reqwrements. -The tenslle strength and elongatlon of the sealant mdlcate a lIghtly cross­

lInked system wIth a T g of - 300 C. The compressIon set of thls formulatlon IS 

sImIlar to that of commercIally aVaIlable neoprene and nItrIle-based materIals, 

but IS not as good as other £luoro-elastomers. The thermal stablhty by 

thermogravImetrIc analYSIS IS good, but mInor varIations have been noted from 

polymer batch to polymer batch. The filleting sealant formulatIon was used to 

mold a-rIngs, whIch were of good mtegrIty. 

A trIazme polymer based sealant was formulated as a fdletlng sealant 

wIth mdIcatlon of good thermal stabIlity and fuel resIstance. 

MaterIals and process specIficatlons on the channel and filletmg 

sealants were prepared. 
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1 

2.0 INTRODUCTION 

SatIsfactory sealing of irregularly-shaped nveted, bolted and/or 

spot-welded wmg and fuselage caVItIes for use as fuel tanks has been a prob­

lem Slnce these assemblIes were flrst proposed for alrcraft use. The original 

elastomenc sealant materIals, used as filletlng and fayIng surface seals and 

later channel sealant materlals, had to have as theIr maJor charactenstIcs 

reslstance to deterloration by fuel, good adheslon, permanent fleXlbllity and 

resIstance to vIbration and thermal and mechanIcal stresses at temperatures 

from -540 to +71oC. With the advent of hIgher speed and supersonIc alrcraft, 

the temperature requIrements have mcreased from 7loC to as hlgh as 177'lC 

(and 3150 C proJected) wIth a correspondIng Increase m the stresses placed on 

the sealant materIals. 

The Increased stresses to whlch the sealants are subJected In the 

faster flYlng, hotter alrcraft are both physlcal and chemIcal In nature. For 

example, at the hlgher temperatures, the sealants expand more, thus placing 

hIgher adhesIve and coheSIve stresses on the sealants and the sealant-to­

metal bonds. The tendency for depolymerlZatIon or, conversely, addItIonal 

cross-lmkIng (stlffenIng) IS Increased, whIch In eIther case could lead to 

sealant faIlure. The rate of chemIcal reactIon, eIther WIth fuel, fuel additIves 

or wIth absorbed water, IS consIderably Increased. Even the VIbratIon rates 

and the "g" forces are Increased, leadIng to mechanIcal adheSIve or cohesIve 

faIlures. 

Because of these new conditIons, new elastomerlc polymers had to be 

developed that have the requlsIte mechanIcal, phYSIcal and chemlcal character­

IStICS to resIst the new condItIOns. Other very desIrable requIrements for 

these new sealant matenals are the abllIty to be used as fayIng or filletIng 

seals In a cured state and as channel sealants In an uncured or semlcured 

3 



state. The material should be apphcable by normal methods of brushmg, 

spatula spreading, and lor gun InJectIon. 

Because of their known high temperature and excellent chemical resIs­

tance propertIes, the perfluoroether polymers were proposed as the matrIX 

material In a formulatIon study to develop the next generatIon of fuel tank seal­

ants. In addItion, It was antIcIpated that these polymers, wIth formulatIon and 

curing mechanism modIficatIons, also might be sUItable for other aerospace appli­

catIons, such as O-rings, gaskets and SImIlar cured elastomenc seals. 

Prepolymers of these perfluoroether matenals, developed by NASA, 

were evaluated under thiS program. These prepolymers are cyano- and 

dlamldoXlme-termmated perfluoroalkyleneethers, WhICh polymerIze to the oxadi­

azole system, and a more recent cyano-termlnated perfluoroalkylenetrlazlne, 

WhICh Yields a cross-hnked homopolymer. T~rlalS' when fully cured, 

yIelded the thermally and hydrolytlcally " s~~ c elastomenc matenals that were 
A. 

used as the base polymers m thiS study. 

The purpose of the program was to fully cure the prepolymers supplied 

by NASA and to compound them wIth requIred fillers, stablhzers, and other 

additIves to result In optImum formulatIons for productIon of curing type faying 

and filletmg fuel tank sealants and pOSSIbly O-rmgs and gaskets. Also the 

mvestIgatlons mcluded development of lower molecular weight channel type seal­

ants. The formulatIon efforts Included characterIzatIon studies to determine the 

phYSICal, mechamcal and chemIcal propertIes of the final materials. so that 

matenals and processmg speCIfIcatIons could be produced. 

Dunng the fIrst year of thIS program (Ref. 1), an mvesugatlon was 

conducted to determlne the types and amounts of compoundlng Ingredients that 

had to be combmed wlth NASA -furmshed perfluoroether polymers and curmg 

agents to produce a processable non-curlng channel sealant system and elasto­

merlC faYlng and fllletmg sealant systems. PhYSical propertles such as adhe­

SlOn, VlSCOSlty, thIxotropy, mOIsture resIstance. corroslvlty. and thermal agIng 

were studied. and baSIC characterizatIon data were generated through the use 

of mlcrogram and gram quantIties of the base polymeriC matenal. 

ThiS report IS a summary of the progress dUrIng the second year of 

effort on thIS program. Dunng thiS phase of the program, filers and addluves 

were selected and formulatIons developed for the channel and fllletmg sealants. 
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The sealants. based on the perfluoroalkyleneetheroxadlaz ole system. were 

evaluated and characterized as to rheologlcal behavlor. cunng characterlstlcs 

and mechanlcal. physlcal and chemlcal propertles. Tests were conducted 1n 

typlCal aircraft chemlcal and thermal enVlronments. Areas of new potentlal 

apphcations of the polymer were mvestIgated. A sealant based on a tnazme 

polymer was also formulated and partIally evaluated. Matenals and process 

speclfications are proVlded 1n the Appendlx. 

5 
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3.0 CHANNEL SEALANT 

A channel sealant must prevent seepage of fuel through structural 

Jomts. Thus It must have elastomeric flexIbility, adhere to the metal with a 

tacky-type adhesIon, resIst extractlon by fuel, and retaln these properties 

over a wIde temperature range. The perfluoroalkyleneetheroxadlazole system 

has led to the development of such a sealant that has excellent fuel resistance 

and thermal stabilIty. The polymerlzatlon, formulatIon and testing of the 

developed channel sealant are descrIbed m the followm g sectlons. 

3. 1 POL YMERIZA TION 

The channel sealant polymer was prepared from perfluoroalkyleneether­

dlamldoxlme (EDAF dIamldoxlme, 1) and perfluoroalkyleneetherdimtrlle (EDAF 

dmItnle, II). 

HON NOH 

where: 

and 

'\. ., 
/ 

C-R -C 
f 

I 

NC-R -CN 
f 

II 

9F 3 9F 3 yF 3 9F 
3 

R f = -CF- (OCF 2CFrm O( CF 2) 50 -fCF-CF 2-0~ CF-

m+n=6 
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The IR spectra of the startIng materIals, as well as the mtermedlates 

of the polymenzatlon, were measured to establIsh basehne mformatlOn and are 

mcluded herem (FIgure 1 through 3). The composltlon of the polymerlzatlon 

was 

4 g of EDAF dmltnle 

10 g of EDAF dlamIdoxIme 

The reactlon was performed In a flat contalner In a convectlon oven. 

The polymer was cured m sectIons no thIcker than 1/4 mch so that volatIle 

byproducts that affect the ultlmate cure of the polymer could be removed. 

The polymer mtermedlates were mIxed whIle heatmg to 1270 C (2600 F) for SIX 

hours, then cured for 70 hours at 1540 C (3100 F), followed by 24 hours at 

17"oC (3500 F). ThIS cure schedule was determIned to be ~ppropnate for small 

amounts. On scalIng up the polymerlZatlon, thIS schedule could not be adhered 

to strIctly. 

Momtormg the extent of advancement of polymerlzatlon at 17"oC (350°F) 

by thermograVlmetrlc analysIs became essentlal. HandlIng and phYSICal charac­

terIstlcs along such as snap, tackIness, and color were too qualltatlve to be 

used as methods for determInIng degree of polymerIzatlOn and crosshnkmg. 

The extent of polymerlzatlon IS the sIngle most Important factor affecting ther­

mal stabIlIty and mechamcal propertles of the polymer and IS mdlcated by the 

molecular weIght. Observatlon VIa standard TGA of the onset of degradatlon 

temperature (whIch should be no less than 3000 C, and weIght loss at 3000 C 

for 15 hours, whIch should be no greater than 5 percent for the best perform­

mg materIal), denotes a polymer of sufflclently hIgh a molecular weIght for 

compoundIng Into a sealant. 

The polymerizatlon that resulted in polymer QB-3 was noteworthy for 

aChIeVIng a high of 3600 C for the onset of degradatlon as well as no greater than 

5 percent weIght loss for 15 hours at 3000 C. The cure schedule for that parti­

cular run was SIX hours at 12f>C (2600 F); 72 hours at 154
0

C (3100 F), 20 hours 

at 177
0

C (3500 F). Formulation of the polymer has been well defined as the 

follOWIng sections IndIcate: however, the polymenzation of the two startIng 

matenals still must be InvestIgated more carefully. A study of polymenzation 

under vacuum WIth contInUOUS stlrnng and gradually apphed heat to establIsh 

a cure schedule is needed. Also the reproducibility of the polymerization process 

8 
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Figure 3. IR of channel sealant at 154°C (310°F). 

needs more development to bring out the full potential of this remarkable 

polymer. 

3.2 FORMULATION 

Additives and fillers were evaluated in the first year of the program. 

The materials selected as the components of the final formulation contributed the, 

requisite properties to the channel sealant. The optimum formulation established 

for the channel sealant was 

Polymer 

Lithafrax 2122 

Asbestos RG-244 

MD-·I024 

10.0 parts by weight 

5.5 parts by weight 

1. 5 parts by weight 

0.5 parts by weight 

First for thixotropy and reinforcement. asbestos fibers were used .In the chan­

nel sealant formulation, the optimum loading selected was 12 to 17 percent by 

weight in asbestos" This filler was chosen for its unique properties as a result 

of work done at the beginning of the program. Other fillers used included 

Lithafrax 2122 (80 percent by weight) to lower the thermal expansion coefficient 

of the sealant and MD-I024 (5 percent) to prevent oxidative degradation by 
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trace amounts of metal. Work early m the program mchcated that the use of this 

metal deactlvator, MD-I024, Improved the tack retentIon and softness of the for­

mula on agmg. The effect on thermal propertles of the channel sealant by the 

MD-I024 was determmed by preparmg two Identlcal formulatlons, nos. 150 and 

151, except for the additlon of MD-I024 to no. 150. Then the formulations were 

evaluated by Isothermal thermogravImetriC analysis (TGA). 

The thermo grams are shown m Figure 4. The no. 150 sample exhibits 

some early weight loss of some volatlle products but then appears to stabilize. 

The benefIts of the metal deactIvator outweIgh the early loss of volatile products. 

The matenals used as fillers and their sources are lIsted in Table 1. 

The varIOUS formulatlons of the channel sealant are listed in Table 2. 

FIrst, the asbestos was milled m to achieve proper wettmg of the fibers. 

WhICh took at least 30 mmutes on the rubber mlcrom1ll* (Figure 5). Then. the 

other fillers were added gradually and mIlled untll the polymer banded correctly 

on the mill. The entlre m1l1mg process was performed in a dry box (Figure 6) 

espeCIally set up for workmg Wlth asbestos. 

The polymer was removed from the rollers after compounding and post-
o 0 cured another hour at 154 C (310 F) before the samples were prepared. Some-

times, as WIth the peel adheSIon samples, the cure was postponed until after 

TEMPERATURE",OC 

a. No. 150 

I I I I I I 

t -33Opm 
~II T- 300°C 

r--- 1-- liT!: -302°C t2 - 7 .!iam 
80% 

TEMPERATURE",Oc 

b. No. 151 

Figure 4. Isothermal TGAs. 

*The rubber mill was manufactured by Coastcraft Rubber Co., Inc. It 
IS a two roll mill; the roll dIameters are 1 Inch and 1. 175 Inches. The 
roll speed IS 19 rpm. It has a 1/3 horsepower motor. 
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TABLE 1. FILLERS AND ADDITIVES USED DURING THE STUDY 

Material Source 

Thermax R. T. VanderbIlt 

RG244 IICahdrla li Union Carbide 

Lithafrax 2122 Carborundum 

A-187 Umon Carbide 

Irganox MD-I024 Ciba-Geigy 

A-llOO Union Carbide 

Epon 1001 Shell Chemical 

Processed mineral Jim Walker 
fiber (PMF) Resources, Inc. 

Kevlar DuPont 

• .. -

Description 

Carbon Black 

Asbestos 

Lithium alummum 
silicate 

(y-glycidoxypropyl) 
trimethoxysilane 

Hindered phenolic 
anti-oxidant metal 
deactivator 

y-aminopropyl­
triethoxysilane 

Bisphenol A based 
epoxy 

Calcium-alumino 
silicates 

Aramid fiber 

Function 

Reinforcement 

ThIxotropy 

Lower thermal expansion 
coeffIcIent 

Adhesion Ireinforcement 

Prevents oxidative 
degradation by trace 
amounts of metal 

AdhesIOn Ireinforcement 

AdheslQn 

Reinforcement 

Reinforcement 



Sealant 

130 

132 

136 

140 

150 

151 

163 

164 

165 

170 

* TABLE 2. CHANNEL SEALANT FORMULATIONS 

Polymer 5.0g Llthafrax Asbestos MD-I024 

J-5 5.0 0.25 ----
N-O 2.75 0.75 0.24 

N-O 2.65 0.25 

M-O 2.75 0.70 0.20 

M-l 2.75 0.75 0.24 

M-1 2.75 0.75 ----

Q-A 2.75 0.25 

Q-A 2.75 0.25 

Q-B2 2.75 0.60 0.25 

Q-B3 2.75 0.75 0.25 

Other 

0.25 
Kevlar 

0.75 
PMF 

the sample was prepared to ensure better adherence of the sealant to the 

substrate. 

Most of the tests were run on the formulatIon on page 10 or small varIa­

tlons thereof. 

Because of the safety problems Inherent In the use of asbestos, two 

alternate reInfOrcIng fIbers, processed mIneral (PMF) and aramId (Kevlar), were 

mvestlgated. The PMF fIller at a 35 percent loadmg could not provIde the 

strength necessary as eVIdenced by exceSSIve flow at hIgher temperatures. The 

extensIve mIllIng that was requIred chopped up the flbers and reduced theIr 

strength. Kevlar fIbers of 0.16 cm (0.062 Inch) length were dIffIcult to mIll In, 

and only a 5 percent loadmg was achIeved. Furthermore, the product was strIngy 

and not unIform. Further InVestIgatlon of alternate flllers was discontlnued after 

these attempts because flller development was beyond the pnmary scope of the 

program. 

3.3 PHYSICAL PROPERTIES 

The channel sealant formulatlon was evaluated to determIne selected 

propertIes per MIL-S-8802D and MIL-S-81323 (WP). 

*In parts by welght. 
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Figure fi. Rubber micromill 

Figure 6. Dry box for asbestos formulation with two-roll micromill. 
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The speclflc gravlty was determIned on the test panels prepared for the 

fuel reslstance test. These test panels were O. OSl by 5. OS by 5. 72 cm (0.032 by 

2 by 2.25 Inches) of alumInum. The panels were welghed accurately before and 

after application of the sealing compound. In alr and distilled water at room tem­

perature. The speclflc gravlty was determlned on SlX samples of formulatlon 

no. 165 by the folloWIng calculatlons: 

WI = weight of panel In aIr 

W2 = weight of panel in water 

W3 = welght of panel and sealing compound in air 

W4 = weIght of panel and sealing compound In water 

The results are given In Table 3. 

The nonvolatiles content was determined on two five gram samples of 

formulatlon no. 165. The specImens were placed In tared contalners, reweighed 

and heated for seven days uncovered at 700 C (15SoF). The containers were 

covered and cooled m a desslcator and then rewelghed. The percentage of the 

total nonvolatlle content was calculated as 

Percent nonvolatile content = 

The results are glven In Table 3. 

final welght x 100. 
imtlal welght 

MIL-S-81323 (WP) calls for a maxlmum speclflc gravlty of 1. 75 and 

nonvolatlles content of not less than 9S percent. In the channel sealant, the 

speclflc gravlty was 1. 77. and all the samples measured were wlthin 8 percent 

of the average value. The 55 percent content In Lithafrax (density = 2.40), 

and 15 percent In asbestos (density = 2.45) accounts for the high specific 

gravlty. The vanatlons In the value are caused by the difficulty In obtaining a 

umform dIspersIon of fillers wlthIn the polymer matrlX. 

15 



TABLE 3. PHYSICAL PROPERTIES OF FORMULATION 165 

SAMPLES SPECIFIC GRAVITY PERCENT NONVOLATILES 

A 1.82 

B 1. 81 

C 1. 74 
Average 1.77 

D 1. 63 ± 0.14 

E 1. 75 

F 1.87 

1 99.82 Average 

2 99.82 99.82 

3.4 MECHANICAL TESTING 

Several of the channel sealant formulatlons were subjected to mechanlcal 

tests. Some of the tests are representatlve of the condltlons under whIch the 

sealant wIll perform. and others provIde more Informatlon as to the behaVlor of 

the materIal for other applIcatlons. The matenals were subjected to pressure 

rupture resIstance, and peel adhesIon testmg after fuel ImmersIon and heat agmg. 

Low temperature flexIbIlIty was also evaluated. 

3.4.1 Pressure Rupture ResIstance 

Pressure rupture resIstance was evaluated per the procedure outhned 

m MIL-S-81323. The pressure rupture test fIxture IS shown m FIgure 7. Pres­

sure rupture blowout test specImens are shown In FIgure 8. 

The sealIng compound was packed mto three blowout specImens and 

stabIlIzed at 250 C (77oF) for 24 hours. The specImens were cooled to below 

-29°C (-200 F). and the excess materIal trImmed from the surfaces WIth a razor 

blade. The specImens were then tested as descnbed below. One specImen was 

mounted m the pressure rupture Jlg. One aIr hose bIb of the apparatus was 

connected to a manometer. the other to a varIable pressure source. The assem­

bly was Immersed m a water bath at 250 C (7~F) and stabIhzed for 5 mmutes. 

StartIng at atmospherIc pressure, the pressure was Increased unIformly at the 

rate of 1 Inch of mercury per 15 seconds until faIlure occurred. A contlnuous 
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Figure 7. Pressure rupture test fixture. 

stream of air bubbles coming from the specimen constituted failure. Three spec­

mens were tested as above. Three other samples were immersed in JRF for 

120 hours at 49°C; (120°F) plus 60 hours at 7loC (160°F) and 6 hours at 82°C 

(180°F). These were then removed and tested as described above for pressure 

rupture resistance. Another set of three samples were tested for pressure rup­

ture resistance at an elevated temperature by placing the pressure rupture jig 

assembly in an oven at 177°C (350°F) and testing after stabilization for 15 min­

utes. Failure was indicated by a rapid drop in pressure. 

Pressure rupture testing was evaluated on formulation 140, originally 

rejected because of a lack of tack and adhesion. The use of a I-hour test aging 

step at 177°C (350°F) after milling made the formula tacky. This formulation was 

evaluated for resistance to pressure rupture. The results are presented in 

Table 4. The results demonstrate that the material far exceeds the minimum 

requirements per MIL-S·-81323 (WP) both before and after exposure. An addi­

tional test was performed in which the test samples were not stabilized for 

24 hours before removal of excess sealant and subsequent testing as required in 

the specification. The lower value for this test indicates that the increase in 

adhesion with the channel sealant is time-related. 

17 



Figure 8. Pressure rupture blowout test speciments 

TABLE 4. RESISTANCE TO PRESSURE RUPTURE TESTING, FORMULATION 140 

-
Control Test 

Control Test Results 
Results 24-Hour JRF Immersion 177°C (3500

) 
Sample No Aging* Aging* Test Results Test Results 

1 9 7.5 15 15 

2 8 11.0 15 11 

3 8 10.5 15 15 

Average 8.3 9.7 15 13.7 

Minimum 
Average 
Requirement -_.- 5.9 1.7 1.7 

*The test method calls for a 24-hour stabilization before removal and testing 
of pressure rupture specimens. 
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3. 4.2 Adhesion 

Adhesion m peel was evaluated on formulation 165 per MIL-S-8802D. 

Two samples each were prepared on alurmnum and tltanium to be immersed in 

JRF for 7 days at 600 C (l40oF). Two other samples each were prepared on 

alumInum for immerSIon at 600 C (140oF) into equal parts of JRF and 3 percent 

aqueous sodium chloride solutIon for seven days and for 70 days with fluid 

change every 14 days on the latter. Also, two samples were prepared for the 

70-day test at 600 C (l4OoF) for Immersion In JRF wIth flUld change every 

14 days. Two samples were prepared with formulation 170 and immersed in the 

salt water / JRF medl urn for fourteen days. 

The results show that immersion in JRF over the seven days was not 

detrimental to formulatIon 165, whereas ImmerSIon in salt water was. Early in 

the program, lmmerslon In the 3 percent salt solution was found to be the most 

severe test of the polymer. Even wIth the presence of MD-1024, the sealant 

had degraded severely after exposure for two weeks wlth fluffy matter appear­

Ing In the solutlon. The polymer QB-2 from which thIs formulatlon IS derived 

had exhIbIted onset of degradatIon at 3400 C by TGA, indIcatIng a sufficlently 

hlgh degree of crosslInkIng. 

Formulation 170, based on polymer QB- 3, then was subjected to a 

14-day ImmerSIOn test In salt water/JRF. The results showed that the two 

samples of 170 had better resIstance to the salt water environment. QB-3 

polymer, as mentIoned earher, had achIeved a hIgher degree of thermal stability 

than the polymer QB-2 (baSIS for 165) before formulatIng. The hIgher molecular 

welght necessary for thermal stabIlity lS also a prImary requIrement for corrosion 

reslstance. The results are summarIzed In Table 5. 

3.4.3 Low Temperature Flexibihty 

The low temperature fleXIbIlity test was performed as descrIbed below. 

The sealant was applIed as a 10.2 x 0.64 centImeters (4 x 1/4 inch) strip on a 

15.2 x 2.54 x 0.16 centImeters (6 x 1 x 0.062 Inch) alumInum coupon. The 

test flxture conslsted of a support fixture wlth a 10.2 cm (4 Inch) span and a 

clrcular mandrel 10.2 cm (4 Inches) In dlameter (Figure 9). The sample and 

test flxture were placed Into an envlronmental chamber mounted on an Instron 
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TABLE 5. ADHESION IN PEEL PER MIL-S-8802D, FORMULATION 165 AND 170 

Average Peel 
Strength 

Post Cure MedlUm ImmersIOn Days In pounds per Type of Sealant 
Substrate* Temperature 60°C ( l40oF) Test Inch wIdth Failure Appearance 

FormulatIOn 165 

Aluminum 154°C ( 310°F) JRF 7 4.4 Cohesive Putty like 

TItanIUm 154°C ( 310°F) JRF 7 6.1 Cohesive Putty like 

Aluminum 154°C (310oF) 3% aq. NaClIJRF 7 0.4 Cohesive Putty like 

TItanium 154°C ( 310°F) 3% aq. NaCI/JRF 7 1.3 Cohesive Putty like 

Aluminum 154°C ( 310°F) JRF 70 0.60 

Aluminum 154°C ( 310°F) 3% aq. NaCI/JRF 21 Complete 
failure 

Formulation 170 

Aluminum 154°C (310°F) 3% aq. NaCI/JRF 14 1.5 Cohesive Putty like 

* Surface Preparation: Ajax scrub, apply 1 percent solutIOn of A-187 silane in methanol, dry at 
R.T . for 1 hour. 

- ... - - - - - -
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Figure 9. Low temperature flexibility test fixture 

MechanIcal Testmg machIne. The envIronmental chamber was then cooled to 

and mamtamed at -54°C (-6SoF). After thermal equIlIbrIum, the sample was 

placed on the support fIxture and the mandrel placed on the sample. After 

another perIod of thermal eqUllIbratIon, the mandrel was drIven down 3.94 cm 

(1.55 mches) at a rate of 50.S cm/mm (20 mches/mm), bending the sample 

around the mandrel. The load was removed, then the sample was exammed for 

crackmg, flakmg and other faIlures. FormulatIon 165 tested m thIs manner 

developed four cracks 0.16 cm (0.062 mch) m length at the outsIde edges of 

the sample. The materIal dId not flake and otherwIse kept ItS mtegrlty. 

3.5 SEALING EFFICIENCY 

Gap sealing efficIency testIng on formulatIon 165 was ImtIated per 

MIL-S-S1323 (WP) usmg 5 mil spacers. The sealant was pressed by hand into 

the groove of the Jig (Figure 10), whIch was then closed up, tIghtened and 

leak tested at 10 pSI. The jig, containing 3 percent aqueous sodium chlonde, 

° ° was then Immersed m a water bath, heated to 49 C (120 F). The testmg 

schedule for gap seal effIcIency was 

49°c ( 120°F) for 25 days, then 

71°C ( 160°F) for 60 hours, then 

S20C OSOoF) for 6 hours. 
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Figure 10. Gap sealing 
efficiency test fixture 

The jig was drained, placed in an oven at 177°C (3500F), stabilized and 

checked for leakage at 5 psi for 2 hours. Then a pressure of 10 psi was 

applied for one minute, and the jig was checked for leakage. A second jig was 

set up similarly containing jet reference fuel (JRF) and also immersed in a 49°C 

(l20
0

F) water bath. 

The test schedule for the second jig was 

49°C (120°F) for 100 hours, then 

71°C ( 160°F) for 10 hours, then 

82°C (l800F) for 1 hour. 

The jig was drained and dried in an oven at 107°C (225°F) for 20 hours, 10 hours 

at 154°C (310°F) and 1 hour at 177°C (350°F) with 5 psi applied continously. 

Then, the pressure was increased to 10 psi for 1 minute. 

The gap sealing efficiency test of the material was repeated with 

10 mil spacers using the test schedule of the jig filled with JRF. The results 

of these tests are summarized in Table 6. These results indicate that the mater­

ial was able to seal :) mil gaps well enough; however, salt water resistance 
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TABLE 6. GAP SEALING EFFICIENCY OF FORMULATION 165 

Gap Size, 
Medium Results Mils 

5 JRF A slow leak developed 
wIth 10 pSI pressure at 
177°c (350°F) 

5 3% aq. NaCI A slow leak developed ° 
at 5 cJ:.SI pressure at 177 C 
(350 F) 

10 JRF Held 5 pSI pressure for 
45 mmutes at 177°C (350oF), 
then a leak developed 

was a problem with formulation 165. The test with 10 mil spacers shows an 

mcreased rate of leakage; therefore, the test wIth 15 mil spacers was not 

attempted with trus formulation. 

3.6 FUEL AND CORROSION RESISTANCE 

3. 6. 1 Fuel ResIstance 

Fuel resIstance was determmed per MIL-S-S1323 (WP) for formulations 

° ° 166 and 170. After 25 days ImmerSlOn m JRF at 49 C (120 F) three samples 

(165) showed an average of 12.44 percent volume change (swelhng). Two 

samples (170) were Immersed m JRF for 25 days at 49°C (120°F), plus 60 hours 

at 71°C (160°F), plus 6 hours at S20C (lS0oF). The volume change and weight 

change for the two samples averaged -9.93 percent aud -0.24 percent, respec­

tIvely. A separate sample of 165 had a volume change of -6.S7 percent. 

3. 6.2 CorrOSIOn ResIstance 

The test procedure mvolved the use of a 3 percent sodium chlorIde 

water solutlon layer topped wIth a layer of Jet Reference Fuel (JRF) sealed in 

a contamer wIth fIllets of sealant exposed to the layers and JRF vapor phase. 

The compositlOn of JRF IS 

Toluene (techmcal grade) 30 volumes 

Cyc10hexane (technIcal grade) 60 volumes 

Iso-octane 10 volumes 
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TertIary butyl dlsulflde 
(doctor sweet) 

TertIary butyl mercaptan 

1 volume 

0.015 ± 0.0015 weIght 
percent of other four 
components 

The exposure condltlOns were 25 days at 49 ±l°C (120 ±2°F) plus 60 hours 

at 71 ±l°C (160 ±2°F) and 6 hours at 82 ±l°C (180 ±2°F). 

The corrOSIon resIstance test results of formultlOn 140, based on M-O 

polymer, mdIcated that the formula would withstand the effects of JRF, the 

JRF vapor, as well as salt water. In all cases, the material adhered well both to 

the alumInum panel as well as to the tltanIum panel. The sealant was stlll 

phable and soft and had not changed color. 

3.7 THERMAL EVALUATION 

The polymerlZatlOn of the channel sealant was followed by thermo­

gravImetrIc analysIs (TGA). At varIOUS pomts of cure, standard TGAs were 

run to determme extent of cure. To establish a baselIne durmg polymerization 
o 0 

of Q-A, a TGA was run after 72 hours at 154 C (310 F) (FIgure lla), agam 
o 0 0 0 after 72 hours at 154 C (310 F) plus 2 hours at 177 C (350 F) (FIgure llb), 

o 0 
and after 13 hours at 177 C (350 F) (FIgure llc). An Isothermal TGA was 

also run at that pomt (FIgure 12). At thIS stage of cure, the onset of 
o 0 degradatIon temperature was 330 C and the weIght loss after 15 hours at 350 C 

was 8 percent. From prevIous data gathered on the materlal, the polymer was 

consIdered suffIcIently cured for formulatmg. Other polymerlZatlons that were 

monItored by TGA and theIr onset of degradatlon temperatures are QB-1 

(3000C), QB-2 (3400C), ~C (3200C), QB-3 (3600C). The TGAs of these 

polymers are shown m Flgure 13. An Isothermal TGA of QB-3 (FIgure 14) 

showed a weIght loss of 2 percent. The remarkable varlatlon m the tempera­

tures for the onset of degradatlon pOInts up the problem of reprodUCIbIlIty In 

polymerIzatlon. 

The thermal analYSIS results for the channel sealant polymers are 

summarIzed m Table 7. 

Thermal analYSIS on the channel sealant formulatlons 140 (FIgure 15), 

165 (FIgure 16), 170 (FIgure 17) also show the varIatIons possIble m the pure 
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TABLE 7. THERMAL ANALYSIS SUMMARY OF CHANNEL SEALANT POLYMERS 

Percent Weight Loss 
Onset of De~radaticn in Air 15 hours 

Polymer Cure Schedule °C In Air at OOC/min at 3000 C 

Q-A 72 hours 11540 C 330 

Q-A 72 hours/154oC + 340 
2 hours 11 770 C 

Q-A 72 hours/154oC + 340 8 
13 hours /1770C 

QB-l Final cure 300 
23 hours 11770 C 

QB-2 Final cure 340 , 23 hours/17~C 
QC Final cure 320 

25 hours/177oC 

QB-3 Final cure 360 5 
20 hours/177oC 
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polymer whIch are then reflected in the thermal analysIs and performance, most 

dramatIcally In the lmmerSlon In aqueous 3 percent sodIum chlonde. 

Thermograms of formulatIons 163 (Figure 18) and 164 (Figure 19) which 

are mIlled wIth 5 percent Kevlar and 15 percent PMF, respectIvely, and are both 

based on Polymer Q-A, IndIcate that a certaJ.n amount of breakdown In thermal 

stabIlIty occurs durIng the mlllIng process as observed by the onset of degrada-
o 0 0 tIon temperature, whlch IS 330 C for the unmllled polymer and 270 C and 280 C 

for formulatIons 163 and 164, respectIvely. 

The thermal analysIs results for the channel sealant formulatIons are 

summarIzed In Table 8. 

--- --c- ---

O%~~~~~~~~~~~~~~~~~~~~~~ 

o 100 200 300 400 100 800 700 800 !JOO 1000 

TEMPERATURE,OC 

Figure 18. TGA of formulation 163 
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Figure 19. TGA of formulation 164 

TABLE 8. THERMAL ANALYSIS SUMMARY OF 
CHANNEL SEALANT FORMULATIONS 

Percent WeIght 
Onset of Degradation °C Loss m AIr After 

Base Polymer in AIr at 200 e Imm 15 hours at 3000 e 

M-O 270 

QB-2 280 42 

QB-3 260 23 

Q-A 270 

Q-A 280 

The thermal extruslOn test was performed per MIL-S-81323 (WP) by 

pushmg the materlal mto a tube wlth a rod and then placmg It m a 177°C (350oF) 

oven for 30 mlnutes. The materlal extruded 1-1/2 lnches on one end and 3/4 mch 

on the other wlth a 1/2 mch extruslon from the center holes. 

The test fixture used for evaluatmg thermal extrusIon of formulatIon 

165 lS shown m Flgure 20. 
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Figure 20. Thermal extrusion test fixture 

3.8 PROCESSABILITY 

A Monsanto processability tester was used to determine the rheological 

properties of formulation 165. For each set of data, parameters such as stress 

and die swell were measured at different shear rates. A given shear rate was 

obtained by setting the speed of the ram traveling through the barrel for a speci­

fied orifice size. The test was run at five different temperatures 30°C (86°F). 

70°C (158°F), 100°C (212°F), 160°C (320°F). and 200°C (392°F). At 200°C 

(392°F). the material extruded by its own weight. and no data were measured. 

Also. some discoloration of the material was observed at this temperature. Data 

for the remaining temperatures were applied to a computer program to calculate 

the viscosity and shear stress at different shear rates. 

A Carreau Model, one of the most commonly used equations for express­

ing the relationshi.p between stress and deformation of viscoelastic materials, 

has been used in the viscosity computations program, Results are given in Fig­

ures 21 and 22. The calculated viscosity versus shear rate at different tempera­

tures is shown in Figure 21. The shear stress versus shear rate at different 

temperatures is shown in Figure 22. These two graphs indicate the flowability 

of the polymers at different processing conditions. 

Die swell was another rheological parameter measured by the process­

ability tester. Die swell is the ratio of extrudate diameter to the diameter of the 

die and indicates the degree of recovery of elastic deformation imposed on the 

material in the orifice. The measured value for die swell is about 70 to 80 percent. 

31 



u 
W 
1/1 

.. 

104~--~r----------------------------' 

ORIFICE 

0- 0 0592" 

10~~O----------------10·0--------~~----1~OOO 

., (lISEC) SHEAR RATE 

Figure 21. VIscosity versus shear rate 
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Figure 22. Shear stress - shear rate relationship 
at vanous temperatures 

A prevIously used parameter m general used called extrusIon rate could 

also be employed to evaluate the flowabIhty of the materIal. The followmg equa­

tIon defInes the extrusIon rate at the gIven processIng condItIon: 

where: 

R 3 • 
Q - y --4-

3 
Q = flow rate or extrusIon rate, cm Isec 

y = shear rate, l/sec. 

R = radIUS of the dIe, cm 

The tested materIal has the usual behavIor of vIscoelastIc materIals. Its 

VISCOSIty decreases by Increasing the shear rate or temperature. Generally 

speakIng, the test results mdicate that no dIffIculty should occur m processmg 

trus materIal, even at very low shear ratps. 
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4.0 FILLETING SEALANT 

FIlletmg sealants 1:1 fuel tanks are applied by spatula or extruded over 

seams m to Jom t corners, over fasteners and around other tank m trusions such 

as hydraulIc lmes and electr1cal condUlts. The fllletmg sealant has to be a 

tough. rubber-hke product. The crosshnked poly{perfluoroalkyleneetheroxadi­

azole} when formulated, makes a filletmg sealant that has excellent fuel reSIS­

tance and thermal stabllity. 

4.1 POLYMERIZATION 

The fl1letmg sealant polymer was prepared from the same startmg pre­

r)olv""ers as the channel sealant, namely, perfluoroalkyleneetherdlamldoxIme 

(EDA ~ dIamIdoXlme. I) and perfluoroalkyleneetherdimtrlle (EDAF dmItrlle, II). 

fhe ratIO of I and II, however, was varIed for mcreasmg crosslinkInp. Ir the 

perlluoroalkyieneethcr-l,2,4-oxadlazolc nO]Yl"1er. The synthesIS of the cross­

lInked nolv (oeriluoroa.kyleneetheroxadlazole) elastomer follows the cure schedule 

outlmed below: 

8 g of EDAF dmItrl1e (II) 

10 g of EDAF dIamIdoxlme (I) 

As ill the channel sealant, the polymerlZatlon was performed m a flat 

con tamer 111 a thm layer for ease of removal of volatlle by-products. The mter­

medIates were tnlxed whIle heatmg to 127°C (260~F) for 6 hours, then cured for 

52 hours at 154°C (310 0 F). followed by 12 hours at 177°C (350°F). As ill the 

channel sealant. the polymerIzatIon was monItored by thermogravImetrIc analysIs. 

The tIme needed at 177°C (350°F) varIed from one polymerlzatlOn to the other 

wIth varIatIon m the thermal stabIlIty of the product. Also the handlmg charac­

terIstIcs of the polymer had to be monItored. 
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FIllers cannot be added to the polymer before the 12 hours at 177°C 

(350°F) cure, or a product wIthout m tegrIty and wIth poor thermal propertIes 

wIll result. If the cure at 177°C (350°F) proceeds much longer than 12 hours, 

the polymer wIll not band correctly on the rubber mIll, and the fmal product 

wIll have poor adhesIon. 

4.2 FORMULATION 

The fIlletmg sealant formulatIon was estabhshed after some experImenta­

tIon m the fIrst year of the program. The fIllers selected were Thermax (carbon 

black) and asbestos. Thermax IS used for remforcement of the polymer. Modulus 

and tensIle strength of the polymer are dependent on the degree of remforcement. 

Asbestos was advantageous m two areas: (1) It mcreases tensIle strength, and 

(2) It aId~ the removal of entrapped gases llurmg l!lgll Lemperature cure, thus 

elImlnatmg vOIds. 

For better adhesIon to substrates, an adhesIon promoter was also mvestl­

gated. Some of the addItIves tested were Epon 1001 m conjunctIon wIth the 

A-llOO ammo sIlane pruner, and A-187, an epoxy sIlane prImer. The epoxy 

sIlane was chosen as the less corrOSIve pruner of all those mvestIgated. 

The chemIcal nomenclature and the source of the above fIllers and addI­

tIves were gIven m Table 1. 

The fmal formulatIon m parts by weIght: 

Polymer 

Thermax 

Asbestos RG-244 

10.0 

8.0 

0.50 

A-187 Couplmg Agent 0.20 

The sIlane level IS CrItIcal. HIgh levels of sIlane reduce the ultImate 

phySIcal propertIes as very clearly shown m the tensIle strength values of some 

of the formulatIons and are dIscussed m a later sectIon. The fIlletmg seal an t 

formulatIons that were developed are gIven m Table 9. 

4.3 PHYSICAL PROPERTIES 

The fIlletmg sealant formulatIOn was evaluated to determme specIfIC 

gravIty, percent nonvolatIles and h,lI-dness (Shore A) per MIL-S-8802D and 

MIL-S-81323 (WP). The results are glVen m Table 10. 
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TABLE 9. FILLETING SEALANT FORMULATIONS 

FormulatIon Polymer 5.0g Thermax Asbestos MD-I024 Other 

126 J-3 4.0 0.25 
127 J-4 4.0 0.25 
128 J-4 4.0 0.17 
129 J-5 4.0 0.25 
131 J-5 4.0 0.20 
133 J-6 4.0 0.25 
134 J-6 4.0 0.17 
135 J-6 4.0 0.17 0.20 
137 J-3 4.0 0.25 
138 J-5 4.0 0.25 
139 J-6 4.0 0.25 
141 J-3 4.0 0.25 EPON 1001 0.5 
142 J-3 4.0 0.25 EPON 1001 0.17 
143 J-5 4.0 0.25 A-Un 0.09 
144 J-7A 4.0 0.25 
145 J-6 (aged) 4.0 0.20 
146 J-4 4.0 0.25 
147 J-5 4.0 0.25 A-HOO 0.17 
148 J-7B 4.0 0.20 
149 J-7B 4.0 0.25 A-llOO 30% 1Il 

methanol 0.18 
152 J-5 4.0 0.25 A-IS7 30% 1Il 

methanol O. 18 
153 J-8 4.0 0.25 
154 J-7B 4.0 0.25 
155 J-9 4.0 0.25 
156 J-9 4.0 0.25 A-1S7 30% 10 

methanol 0.18 
158 J-5 4.0 0.20 A-1S7 30% 10 

methanol O. 18 
159 J-5 4.0 0.20 EPON 1001 0.08 
160 J-8 4.0 0.25 
161 J-8 4.0 0.25 A-IS7 0.10 
166 J-10 4.0 0.23 A-187 0.09 
172 J-11 4.0 0.23 A-187 0.09 
173 J-12 4.0 0.23 A-IS7 O. 10 

MIL-S-R1323 (WP) calls for a maXImUr.1 specIfIc graVIty of 1.75 and 

nonv01atIles content of not less than 98 percent. hl the fillet10g sealant, the 

specIfIC graVIty of formulatIon 166 was 1.42, and all the samples measured were 

wIth10 8 percent of the average value. The varlatIons 10 the value are caused 

by the dIffIculty 10 gett10g a unIform dlsperslon of fillers wlthm the polymer 

matrIX. 
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TABLE 10. PHYSICAL PROPERTIES OF FILLETING SEALANT 

Formula hon - Hardness Speculc Percent 
Sample (Shore A) Gravity N on vola tlle s 

166-1 1. 38j Average 166-2 1.35 
166-3 1. 53 1. 42 

152-1 50 1. 87 

166-1 99.77 I Average 
166-B 99.75 99.76 

133 40 
134 40 

The nonvolatlles content of the filletmg sealant averages to 99.76. 

Hardness of the three formulahons evaluated ranged from 40 to 50. 

4.4 MECHANICAL TESTING 

The filleting sealant was subJected to low temperature flexibllity. stress 

corrOSIon. peel adhesIon. tenslle strength and elongatIon. shear strength. 

dynamIc mechanIcal testmg and compressIon set evaluahon. 

4.4.1 Low Temperature Flexlblhty 

The low temperature flexlbllity test was performed on one sample of for­

mulatIOn 166 a& descrIbed below. The sealant was apphed as a 10.2 x 0.64 em 

(4 x 1/4 lOch) strIp on a 15.2 x 2.54 x 0.16 cm (6 x 1 x 0.062 Inch) alumInum 

counon. The te~t fIxture consIsted of a support fIxture wItr. a 10.2 cm (4 Inch) 

~nan and a cIrcular mandrel 10. ~ cm (4 Inches) In dIameter (FIgure 9). The 

sarnnle and test fIxture \"e!"f' placed Into an envl-onmcntal chamber mounted on 

an ]n~tron i"iechanIcal Testmg MachIne. ~fhen tr.e enVIr<..nmCl.tal chamber was 

eooied to and maIntaIned at -54
0

;: (-65
0

F). After thermal eqUIlIbratIon. the 

~C\mple was l)laced on the SUnl")ort fIxture and tr.e mandrel placed on the sample. 

After anothe- perIod of ther-lal e'1UIhbratlon. tre mandrel was drIven down 

1.94 cm (J.CJS Inches) at a r:-te of 50.e cm (20 Inches) per mInute. bendIn~ the 

sample around the md1"drel. The load was removed and the sample was examInerJ 

JOl" crackmg. flakm g and ot~er faIlures. The results IndIcate that the material 

I 

t 

, 
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kept its rubbery consistency anu did not flake, although five cracks, 112 inch 

in width, develoned in the samo1e. The sealant retained its adherence to the 

aluminum substrate over 90 percent of the area. The substrate was bent out of 

shap~, indicating that the test may be too severe. 

4.4.2 Stress Corrosion 

The stress corrosion of titanium was evaluated at 28S
o

C (550
0
F). The 

test used Dow 77-028 high temnerature fuel resistant silicone as a control. 

Stress corrosion tests were run on filleting sealant formulations 128, 156, 161 and 

166. Materials were placed on titanium (6 Al-4V) coupons, bowed in an alumi­

num fixture and subjected to 288°C (550
0
F). The stress corrosion fixture is 

shown in Figure 23. After 38 hours, n0 visual deterioration of formulation 128 

or stress cracking of the titanium substrate to which it is bonded was noted. 

However. the silicone began to shrink and crack, causing it to lift from the 

titanium. This test was to continue for 500 hours or until complete failure of 

the sealan t occurred. 

The stress corrosion results on the filleting sealant are given in 

~able n. Formulation 128 lasted for about 300 hours at 288
0

C (5500 F) before 

disintegrating. Formulations 156 and 161 were not as durable: however, 161 did 

Figure 23. Stress corrosion fixture 
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TABLE 11. STRESS CORROSION TEST ON TITANIUM 

Number of Effect on 
Hours at TItanIum 

FormulatIon 288°C ( 550°F) Comments (6 Al-4V) 

128 300 Sealant had No effect 
dIsmtegrated 

156 160 Sealant had No effect 
dIsintegrated 

161 160 Some In tegnty , No effect 
even though 
cracked 

166 240 Intact, crumbles No effect 
easily 

DOW 77-028 38 LIfts from No effect 
(control) tItanIum; some 

shrmkage 

Surface PreparatIon: Treated for 2 hours WIth Pasa-Gel, prImed WIth 
1 percent solutIon of A-187 silane In methanol 

hold topether better than 156 over the perIod of 160 hours. After ;:';0 [_ours. 

the test was dlscontmued on forr:lUlatIon 166 because the sealant. even though 

lntack. crumbled easlly. Examlnatlon of the tltanlum substrate showed no 

eVIdence of corrOSIon. The tItanIum substrate had been treated In each test 

for 2 hours WIth Pasa Gel and prImed WIth a 1 percent solutIon of A-187 

~Ilane m methanol. The surface of the tItanIum ~ane] remamed unaffected by 

all formulatIons. 

4.4.3 Adheslon 

AdheSIon testing was performed per MIL-S-8802D, WIth one exceptIon. 

The test oane1s had 0.64 cm (l /4 mch) \"Ide strIpS of adhesIve tested mstead 

of 2.54 cm (1 mch) wIde strIps because of lImIted quantIties of polymer. ImtIal 

results (before ImmerSIOn m JRF) are gIven m Tables 12 and 13. It IS Important 

to note that the MIL-S-8802D method calls for reportmg the numerIcal average 

of peak loads. 
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TABLE ] 2. ADHESION IN PEEL PER MIL-S-8802D OF VARIOUS FORMULATIONS 
TO ALUMINUM PRIOR TO IMMERSION 

A verage Pee] 
Post Cure Strength, pounds per Surface Type of Sealant VIsual 

FormulatIOn mch wIdth PreparatIon FaIlure ObservatIOns Temperature 

--- --

127 1.8 (1) Co Gummy 154°C ( 3l00F) 

127 1.4 ( 2) Co Gummy 154°C ( 310°F) 

127 3.0 (1,4) LLCo Soft 177°C (3500F) 

127 2.3 (2,4) LLCo Soft 177°C ( 350°F) 

127 1.9 (1) Co Gummy 166°C ( 330°F) 

126 2.4 (1) LLCo Soft rubber 166°C ( 330°F) 

126 4.8 (3) LLCo Soft rubber 166°C ( 330°F) 

126 1.6 ( 2) LLCo Soft rubber 166°C (BOoF) 

141 4.8 (3) Co Very hard cheesey 154°C ( 310°F) 

142 0 ( 3) Ad ----- 166°C ( 330°F) 

147 0.5 ( 2) Co Hard, cheesey 166°C ( 330°F) 

147 0.4 (1) Co Hard, cheesey 166°C ( 330°F) 

146 2.4 (1) Co Hard, cheesey 154°C ( 310°F) 

145 8.0 (1) 40% Ad Rubber 154°C (310oF) 
60% Co 

148 5.0 (1) Co Rubber 154°C ( 310°F) 

(Contmued next page) 



(Table 12, concluded) 

A verage Peel 
Strength, pounds per Surface Type of Sealant Visual Post Cure 

FormulatIon inch width PreparatIon FaIlure ObservatIons Temperature 

149 7.7 (1) Co Rubber, some foam 1540 C ( 3100 F) 

152 7.7 (3) Co Rubber, some foam 1540 C (3100 F) 

152* 9.5 (3) Co Rubber 1540 C (3100 F) 

158 1.5 ( 3) Co Rubber, foam 1540 C (3100 F) 

159 1.5 (3) Co Cheesey, some foam 1540 C (3100 F) 

*Material was heated @ 300°F briefly and remilled prior to applIcation to the substrate. 

Co = Cohesive break In sealant 

Ad = Adhesive faIlure between sealant and substrate 

LLCo = Low Level Cohesive - Light quantIty of residual sealant left on substrate surface 

(1) AJAX scrub, apply 1 percent solution A -187 sIlane In methanol, dry at R. T. 1 hour 

(2) AJAX scrub only 

(3) AJAX scrub, apply 1 percent solution A-llOO silane In methanol, dry at R. T. 1 hour 

(4) Apply 10 percent solutIon of J-3 polymer after prevIous treatment, dry 16 hours at 300°F 

.. III ... ----



TABLE 13. ADHESION IN PEEL PER MIL-S-8802D OF VARIOUS 
FORMULATIONS TO TITANIUM 

A verage Peel 
Strength, pounds per Surface Type of Sealant Vlsual Post Cure 

Form ula tIon Inch width PreparatIon Failure ObservatIons Temperature 

127 2.5 ( 2) LLCo Gummy 177°C ( 350°F) 

127 1.5 (1) LLCo Gummy 177°C (350°F) 

126 1.9 ( 2) LLCo Rubber 177°C ( 350°F) 

126 1.9 (3) LLCo Rubber 177°C (350°F) 

142 3.5 ( 2) 20% Co Rubber 177°C (350
o

F) 
80% Ad 

~ 
...... 142 5.1 ( 3) Co Rubber 177°C (350oF) 

Co = Coheslve break In sealan t 

Ad = Adheslve break In sealant 

LLCo = Low Level Coheslve - Llght quantIty of resldual sealant left on substrate surface 

(1) AJAX scrub, apply 1 percent solutlOn A-I87 sllane m methanol, dry at R.T. 1 hour 

(2) AJAX scrub only 

(3) AJAX scrub, apply 1 percent solutIon A-llOO sIlane In methanol, dry at R. T. 1 hour 



• 

FormulatIon 

A verage Peel 
Strength, pounds 
per inch wid th 

Surface 
PreparatIon 

Substrate 

Type of FaIlure 

Sealant VIsual 
Observations 

Post Cure 
Temperature 

Fuel ImmersIOn 
60°C ( l400F) 
- 7 Days 

Al = Alummum 
TI = TItanIum 
Co = CohesIve 

TABLE 14. ADHESION IN PEEL PER MIL-S-8802D OF VARIOUS 
FORMULATIONS AFTER FUEL IMMERSION 

152 152 152 156 156 156 149 

7.8 5.1 6.S 9.7 2.9 4.9 6.1 
6.3 6.8 6.6 4.9 5.9 

(1) (1) (1) ( 2) ( 2) ( 2) (3) 

Al Al Al TI TI TI Al 

Co Co Co Co Co Co Co 

Rubber Rubber Rubber Rubber Rubber Rubber Rubber, 
some 
foam 

154°C 154°C 154°C 154°C 154°C 154°C 154°C 
(3100F) (310°F') ( 310°F) (310°F) (310°F) (3100F) ( 310°F) 

Control JP-4 JRF Control JP-4 JRF JRF 

158 

1.3 

(1) 

Al 

Co 

Rubber, 
foam 

154°C 
(3100F) 

JRF 

(1) AJAX scrub, apply 1 percent solutIon A -llOO silane m methanol, dry at R. T. 1 hour 

159 

6.1 

(1) 

Al 

Co 

Rubber 

154°C 
( 310°F) 

JRF 

( 2) Pasa Gel for 2 hours, apply 1 percent solutIon A-llOO silane m methanol, dry at R.T. 1 hour 
(3) AJAX scrub, apply 1 percent solutIon A-187 silane m methanol, dry at R.T. 1 hour 

. - - .... .... ........... 



The followmg generahzahons apply to the adhesIOn to alumm um and 

htanium. 

1. An adheSIon promoter of some type was requlred eIther m the 
form of a pnmer or as an addItIve to the formula. 

2. Epon 1001 IS an effechve addltlve With htanlum if it is used at 
a low level to prevent degradation of performance properties 
and m conjunction WIth the A-IlOO am.ino silane primer. 

3. Inlhal use levels of sl1anes as addltlves made the compounded 
rna terlal hard or cheesey on cure. Reduced levels were 
evaluated. 

The results were mfluenced parhally by thermal degradation that had 

been notIced m several formula varlahons and are detal1ed .in the thermal analy­

SIS sechon. 

The followmg generahzahons and conclUSIOns can be made from the data 

m Tables 12 and 13: 

1. The formula 145 used J-6 polymer that was aged longer at 17'fC 
(3500 F) before the addition of fillers. A test sample resulted that 
had 40 percent adhesive fallure. Therefore, the late addition of 
fillers reduces the abllity of the sealant to wet the surface and 
adhere. 

2. The mcluslOn of A-llOO sl1ane m formula 149, as opposed to 148, 
mcreased the peel strength. Therefore, the mcluslon of sllane as 
an adheSIon promoter IS advantageous If the level IS low enough to 
prevent detenorahon of other phYSIcal properties. 

3. The comparIson of 152 and 152* shows that removal of the methanol 
dlluent from the sl1ane reduces foam formahon and mcreases peel 
streI!gth. AddltIonally, it shows that.A-187 sl1ane IS an acceptable 
adheSIon promoter. A-1S7 sIlane IS more desirable because it has 
a reachve epoxy group mstead of the reachve amme m A-HOO. 
ThIS reactIve amme may affect polymer stabl1lty and attack titanIum 
substrates. 

4. Formulas 158 and 159 show the adverse effect of foam caused by the 
methanol and the foam and cheesey appearance caused by the MD-I024 
metal deactIvator. 

These same formulahons were then evaluated for adheSIon to htanlum and 

al umm urn substrates after exposure to JRF immersion. Results are given .in 

Table 14. The peel strength of these formulatIons on eIther tltanlum or alummum 

had not deterIorated as a result of immersion m JP-4 and JRF at 600 C (l400 F) 

for 7 days. The average peel strength of all the samples as 5.8 pounds per 

lInear Inch. 
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The shear strength of the fIlleting sealant was determmed per 

MIL-S-8802D. The speCifIcatIOn requll'es a shear strength of not less than 

200 pSI. The shear strength IS determmed by pullmg alummum test panels 

coated wIth cured sealant m shear at a speed of 2 inches per mmute. The aver­

age of 3 formulatIon 128 samples was 240 pSI. 

Lap shear strength of formulation 128 IS reported m Table IS. 

4.4.4 TensIle Strength and ElongatIon 

Flow-out specImens 0.125 mch thIck of the cured filletmg sealant were 

prepared by pressmg between two woven Teflon sheets and post-curmg for 

1 hour at 177°C (350°F). TensIle test speCImens were cut from the flow-outs 

usmg a mlcrotensile dIe. Three to four speCImens of varIOUS filleting formula­

tions were tested as: (1) controls, (b) after Immersion for 14 days m JRF at 

60°C (140 0 F), and (c) after ImmerSIOn for 14 days in JP-4 let fuel at 60 0 C 

(140°F). The ImmerSIOn specImens were cooled for 24 hours at standard condI­

tIons and tested WIthIn 5 mmutes after removal from the flwd. 

The tensIle strength and elongatlOn tests are summarIzed m Table 16. 

The mlcrotensIle samples prepared are very notch-sensltlve. Some of the values 

are low for tensIle strength and exhibit hIgh scatter. For example, m the formu­

latIon 156, they range from 101. 9 to 151. 4 pSI WIth an average of 130.9 pSI for 

the control. Formulation 152 IS on the rugh SIde wIth values from 294.7 to 

501.0 PSI, WIth an average of 362.0 for the control. After ImmerSIOn m JP-4 

fuel, both formulations showed an mcrease in tensile strength, wIth the 

TABLE 15. LAP SHEAR STRENGTH OF FORMULATION 128 

Formula 128 Lap Shear Strength, pSI Mode of Failure 

1 220 60 percent CoheSIve -

40 percent Low-Level CoheSIve 

2 220 85 percent CoheSIve -
15 percent AdheSIve 

3 280 100 percent CoheSIve 
--

Average 240 
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Formula 

TensIle 
Strength, 
pSI 

Percent 
ElongatIon 

Fuel 
ImmersIOn 
600 C 
(l400 F) -
14 Days 

TABLE 16. TENSILE STRENGTH AND ELONGATION PER MIL-S-8802D OF 
VARIOUS FORMULATION AFTER FUEL AGING 

152 152 152 153 153 153 156 156 156 160 160 

351. 5 319. 439.6 306.6 291. 6 343.8 151. 4 163.5 168.6 174.5 259.3 
300.9 354.5 408.6 310.6 201. 0 298.3 139.5 180.9 185.2 336.7 282.0 
294.7 368.5 384.7 283.7 277.8 275.7 101. 9 158.8 210.2 326.4 313.8 
501. 0 309.5 362.1 

89.0 81. 0 88.0 159.0 167.0 174.0 106.0 77.0 80.0 40.0 94.0 
81. 0 83.0 105.0 157.0 111. 0 178.0 69.0 71. 0 83.0 94.0 87.0 
70.0 84.0 99.0 139.0 159.0 186.0 75.0 78.0 86.0 96.0 

104.0 155.0 94.0 

Control JRF JP-4 Control JRF JP-4 Control JRF JP-4 Control JRF 

160 

371. 6 
243.4 
330.9 

100.0 
84.0 

101. 0 

JP-4 



average pSl of 188.0 for 156 and an average of 411. 0 pSl for 152. The results are 

to be noted for their excellent fuel resIstance m each of the four formulatlOns 

tested. All the formulatlOns, except 156, surpassed the specIfIed tenslle strength 

of 200 pSI of MLL-S-8802D. IncluslOn of A-187 sllane at a hIgher level has clearly 

decreased the tensIle strength of 156. 

The percent elongatIon of all the samples was also low. Agam, these 

low values can be attrlbuted to the connguratlon of the speClmens. The mea­

surements were taken on a Chatlllon Model UTSM Tester, whIch IS desIgned for 

testmg small samples. Vlsual examInation of the dogbones revealed small breaks 

or cuts and non-uruform thIcknesses In the samples. 

The tenslle and elongatlon properties of two formulatlOns, 133 and 134, 

were determlned and are 

Tenslle Strength. pSl 

Percent Elongation 

133 

290 

262 

134 

237 

246 

These formulatlOns dIffer m that 133 has 50 percent more asbestos by 

welght. whIch lndicates that the exact level of asbestos IS not cntlcal to 

ultimate strength and can be vaned to control tack and flow of the uncured but 

compounded polymer. 

4. 4. 5 DynamIc Mecharucal BehaVlor 

Dynamlc mecharucal behavlor of the fllleting sealant formulation 154 was 

evaluated on the Rheovibron. The results are shown In FIgure 24. Rheo­

vlbron measurements were taken at 11 Hz from -65 to +200oC. From the tan 6 

curve. the T g of the materIal was determlned as - 30°C. Some levelIng of the 

curve IS noted at approxlmately 0.15. Interpretation of thIs behavlOr lndIcates 

eIther a lIghtly crosslInked system or an uncrosslInked system of a very hIgh 

molecular welght. The fl11etmg sealant IS a lIghtly crosslInked system by nature 

of ItS cure. 
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Figure 24. Dynamic mec:hanacaJ behavior of formulation 154 

4. 4. 6 CompresslOn Set 

FIlletIng seals In lntegral fuel tanks are relatIvely free of compressIve 

stresses. However, knowledge of the performance of such a matenal under a 

constant deflectIOn can aId In Its formulatIon wIth respect to ltS elastIc proper­

tIes. ComposItIOn of the formulatIOns tested for compresslOn set IS gIven In 

Table 17 In parts by welght. 

CompresslOn set results on the formulatIOns 100,101, 104, 166, 172 

and 173 are gIven In Table 18. The compressIOn set data of 126 IS gIven In 

Table 19 along wlth results of mtrIle, neoprene and fluoroelastomer based mate­

rIals used In O-rlng applIcatIOns. The results Indicate that the present formula 

IS SImIlar to commerCIally aVaIlable neoprene and rutrlle based matenals but IS 

below the performance level of fluoroelastomer materIals. Although compresslon 

set IS not a crItIcal property In a fIlletIng sealant, an Improvement In tlus prop­

erty would be advantageous for other applIcatlOns. 
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TABLE 17. FORMULATION COMPOSITION FOR COMPRESSION SET 

Formulatlon 

100 

101 

104 

126 

166 

172 

173 

FormulatIon 

100 

100 

100 

101 

101 

101 

104 

104 

104 

166 

166 

172 

172 

173 

173 

Polymer Thermax Asbestos MD-1024 

F-O 3.0 1.5 

F-O 3.0 1.5 0.12 

J-O 3.0 1.5 

J-3 5.0 4.0 0.24 

J-10 5.0 4.0 0.25 

J-11 5.0 4.0 0.23 

J-12 5.0 4.0 0.23 

TABLE 18. COMPRESSION SET OF FILLETING 
SEALANT FORMULATIONS 

Test Percent 
Temperature Number of Hours 

24°C (75°F) 24 

8ZoC (180°F) 24 

177°C (350°F) 24 

24°C (75°F) 24 

82°C (180°F) 24 

177°C ( 350°F) 24 

24°C (7SoF) 24 

82°C (180°F) 24 

177°C ( 350°F) 24 

24°C (75°F) 24 

82°C (180°F) 5 

24°C (75°F) 24 

82°C (180°F) 5 

24°C ( 7SoF) 24 

82°C (180°F) 5 

*Average of three samples 
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A-187 

0.10 

0.09 

0.10 

CompressIon 
Set* 

0 

22 

67 

0 

0 

67 

0 

0 

100 

67 

81 

59 

90 

60 

90 
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TABLE 19. PERCENT COMPRESSION SET OF FORMULA 126 IN 
COMPARISON WITH OTHER ELASTOlvlER MATERIALS 

AS A FUNCTION OF TEMPERATURE 

Temperature 126 Nltrlle* Neoprene* Fl uoroelastomer * 

50°C (l22oF) 17 10 14 15 

100°C (212°F) 29 24 25 16 

I50
0

C (302°F) 56 43 41 18 

200°C (392oF) 100 100 100 22 

250
0

C (482oF) 100 -- -- 50 

*The PrecIsIon O-rmg Handbook (PrecIsIon Rubber Products Corpora-
tIon, Lebanon, Tennessee, 1976) 

4.5 FUEL RESISTANCE 

In addItIon to the peel adheslOn, tensIle strength and elongatlOn tests 

after ImmerSlOn In JRF and JP- 4, other solvent resIstance data were gathered. 

ResIstance to swell by ImmerSIon In varIous organIc and InorganIc mate­

nals was evaluated. The selectIon of test solutIons IS based on the hIghly reSlS­

tan t fluorocarbon rubbers such as Viton. The results of formula 103 are gIven 

m Table 20; the correspondmg data for Vlton obtamed from E. 1. duPont 

de Nemours and Company are gIven m Table 21. The test solutIons evaluated 

were some of those that most severely attack Viton. The results mdlcate that the 

perfluoroether polymer based matenal IS much more resIstant than Vlton. Of the 

solutIOns tested, ammonIa prOVIded the only severe attack on formula 103. For­

mula 103 became soft and gummy after 2 days at room temperature, whIle Vlton 

became hard and bnttle. After 40 days of room temperature ImmerSIOn of for­

mula 103, the solvent resIstance data dId not change. 

Fuel resIstance was determmed per MIL-S-81323 (WP) for formulatIon 166. 

The excellent resIstance of thIS matenal to JRF IS noted m Table 22. The samples 

were Immersed In JRF for 25 days at 49°C (120°F) plus 60 hours at 71°C 

(160oF), plus 6 hours at 82°C (180oF). The volume change and weIght change 

tor three samples averaged -6.04 percent and 0.07 percent, respectIvely. 
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Solvent 

JP4 

Cyclopell tanone 

DC200 

H2SO 4 
30% Solution 

Ammonla 

JRF 

HAc S% 

Benzene 

CCI4 

Ethyl Acetate 

Acetone 

Ethyl Ether 

PYrIdme 

*Softened 

TABLE 20. SOLVENT RESISTANCE OF FORMULA 103 

Percent Change Percent Volume 
in Weight Increase 

ImmerSIOn 
Temperature 2 days 4 days 7 days 40 days 2 days 4 days 7 days 40 days 

2SoC (77°F) --- --- 0.7 no change --- --- 10.7 no change 
82°C (l80oF) 0.9 --- --- --- 2.S --- --- ---

2SoC ( 77°F) 1.9 1.9 --- --- 0 0 --- ---
82°C (l80oF) -3.97 --- --- --- S.S --- --- ---

2SoC (77°F) --- --- 0 no change --- --- 4.4 no change 
82°C (180°F) O.IS --- --- --- 1.7 --- --- ---

2SoC ( 77°F) --- --- 0 no change --- --- 0 no change 
82°C (l80oF) 0.24 --- --- --- 0 --- --- ---

2SoC (77°F) 3.8* 9.1 --- --- 7.7* 7.7 --- ---
82°C (lBOoF) Dismtegrated Dlsmtegrated 

2SoC (77°F) 1.4 1.0 --- --- 2.4 --- --- ---

2SoC ( 77°F) --- --- 0 no change --- --- 3.6 no change 

2SoC ( 77°F) --- --- 0.9 no change --- --- O.S no change 

2SoC (77°F) --- --- 1.9 no change --- --- 7.7 no change 

2SoC (77°F) 2.S 2.S --- --- 0 39.6 --- ---

2SoC ( 77°F) I.S 1.9 --- --- 0.19 0.19 --- ---

2SoC (77°F) 2.2 2.0 --- --- 28.0 29.7 --- ---

2SoC (77°F) 0.9 0.14 --- --- 3.6 3.6 --- ---

-- --



TABLE 21. SOLVENT RESISTANCE OF VITON 

Percent 
Immersion Time, Volume 

Solvent Temperature days Increase 

JP4 25°C (77°F) 28 1.6 

DC 200 177°C (350°F) 28 -28.0 

H2SO 4 boiling 28 0.5 

AmmonIa 25°C ( 77°F) 1 Fused and 
hardened 

AcetIc ACId GlacIal 24°C (75°F) 7 62 

Ethyl Acetate 25°C ( 77°F) 1 280 

Acetone 25°C (7~F) 1 200 

Ethyl Ether 25°C ( 77°F) 3 97 

Pyndme 25°C (77°F) 3 120 

TABLE 22. FUEL RESISTANCE OF FORMULATION 166 

Percent Change Percent Change 
Sample m WeIght m Volume 

A 0.11 -6.39 

B 0.04 -8.48 

C 0.06 -3.26 

4.6 THERMAL EVALUATION 

The fllletmg sealant polymerIzatIons were followed by thermograVImetrIc 

analysIs to determme thermal stablllty and extent of cure. Standard TGAs of the 

J-senes polymers (J denotes fllletmg sealant polymers) were run m alr at 

20 0 c /mm to observe the onset of degradatlOn temperature (Flgure 25). 

Polymer 

J-5 

J-10 

J-11 

J-12 
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Onset of DegradatlOn, °C 

300 

340 

310 

300 
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Figure 25. TGAs for' Josen .. polymers 

The TGAs of the formulatlons derlved from some of the J-polymers were also run 

In aIr. See Flgures 38, 39 and 40. The lsothermal TGAs are shown m Flgure 26. 

Onset of Percent Welght Loss 
FormulatIon Polymer Degradatlon, °C 300°C, 15 hrs 

152 J-5 300 14 

166 J-I0 310 27 

173 J-12 260 20 

The fllletmg sealant polymerlzatlons are more rep rod uClble and con-

slsten tly achleve at least 300°C thermal stabillty. Observatlon of handlmg 

characterlstlcs must be used as a gwdelme smce addltlon of flllers to the com­

pletely cured polymer IS dlfflcult. When the flllers are not totally mcorporated 
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mto the polymer, as m formulatlon 145, greater adhesIve faIlure occurred. A 

sImIlar observatlon was made on formulatIon 148, WhICh used J-7 polymer that 

was aged one addItlonal day at 177
0

C (350
0

F) before the addltion of fillers. TGA 

(Figure 27) analysIs confirms that late addltlon of fIllers does not affect thermal 

propertles, but as mentIoned earlIer, only adhesIon propertles. The weIght 

loss at 300°C after 15 hours IS only 8 percent. 

The glass transItlon temperature (Tg) of formula 148 was determmed 

by thermomechanlcal analysIs. The Tg was found to be -40°C (FIgure 28). 

The Tg of formulatlon 154, as determmed by evaluatmg the dynamIc modulus 

on the Rheovibron, was from the tan 6 curve -300 C. 
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FIgUre 27. Isothermal TGA of formul.tlon 148 
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Figure 28. ThermomechanlCiI lnalysls of formulation 148 
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4. 7 OTHER APPLICATION S 

4.7.1 Molding of O-Rmgs 

The fllletmg sealant polymer, whIch has shown excellent thermal 

stabIhty and fuel resIstance, can be utlllZed in other applications. The mold­

mgs of O-rmgs was therefore mvestIgated. FormulatIons 166, 172 and 173 

were used m the followmg procedure. 

The mold was treated wIth RAM 225, a mold release, and baked at 177°C 

(350oF) for 1 hour. Then the mold was packed wIth the polymer wrapped wIth 
o 0 fIberglass for msulatlon and placed m a platen press preheated to 177 C (350 F). 

Pressure was apphed very slowly so that the materIal could flow but not totally 

extrude out of the mold. Pressure of about 1/2 ton was then kept on the 
o 0 mold for 1 to 2 hours. The mold was cooled below 93 C (200 F) and the O-rmg 

removed. The O-rmgs formed were sprmgy and rubbery. 

4.7.2 Foam 

In formulatmg fIlletmg sealant, It was noted that the presence of 

solvent as m the addltlon A-187 sllane dlluted wIth methanol caused foam forma­

tlon. Thus, foam products mIght be able to be prepared m closed molds. One 

potentlal appbcatlOn IS a fire resIstant foam for aVlatlon seat cushIons. 

4.7.3 Rubber Toughened PolYlmldes 

Prehmmary experIments at Hughes have shown that perfluoroalkylene­

ether ohgomers can be copolymerIzed wIth thermosetting polYlmlde prepolymers 

to YIeld polylmldes contalmng fleXIble segments wlthm the polymer backbone. 

Speclhc materials reacted to date have mcluded Hughes IGulf Thermld 600 poly­

ImIde and a hydrogenated polyperfluoroalkyleneoxlde dmltrlle, developed at the 

NASA-Ames Research Center. Both Thermld 600 and the polyperfluoroalkylene­

ether materIals have exceptional temperature capabllItles (Iong-term use at tem-
o 0 peratures exceedmg 300 C (572 F». IncorporatIon of one NASA materIal, the 

polyperfluoroalkyleneether dlamldoxlme prepolymer, mto the polymlde IS suggested 

as another analogous approach to fleXlblhze the hIgh temperature reSIn. 
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Such chem1cal combmatlon of a polylm1de w1th the NASA polyperfluoro­

alkyleneoXlde ohgomers probably can Y1eld a famlly of copolymers w1th the follow­

mg character1stics: 

1. H1gh degree of toughness 

2. Continuous performance at 300
0

C (572
o
F) 

3. Complete flre retardancy 

4. Improved processability as an adhes1ve, lammatmg resm, or 
coatmg 

5. Tallorable stram capabu1ty, controlled by the proport10n of 
PolYlm1de to elastomer m the polymer backbone. 

The cyano-termmated polyperfluoroalkyleneoxide is hydrogenated and 

then reacted dlrectly w1th the anhydr1de precursor mater1al to Y1eld a polYlIDlde 

with flexible segments m the polymer backbone. The flexibilizing agent is thus 

distributed on a molecular level and 1S not mcorporated as a d1scontinuous mix­

ture. The polyperfluoroalkyleneoxidediamme probably could be substituted for 

an y des1red proportlon of the sto1cruometric mixture of wamme normally used to 

prov1de tallorable degrees of toughenmg. 

where 

and 

The chemistry 1S described below: 

NC-R -CN 
f • 

9F 
3 9F 

3 9F 
3 

R f = -CF-(OCF 2CFtm0 (CF 2) S°----fCF-CF 2-c>+n 

m+n=6 
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Compound I IS reacted along wIth standard ammes and a dianhydrlde to form 

fn-st the amlC aCId and then the wIde 

• 

dlamine 
o H 
H I 

anhydrIde ~C-N-CH2-Rf 

~C-OH 
II 

/0 aDue acid 

/ heat 
o 
II 

,~C"N_CH -R- + H 0 
~ 2 f 2 

C 
II 

o 
wIde 

The prepolymer formed by the penultlmate reactlon above (before the 

fmal thermally mduced cure) IS m liqUId form at room temperature. ThIS key 

feature contrIbutes to the belief that thIS system should be hIghly processable 

as an adhesIve or lammatmg resm. The elastomerlc nature of the materIal 

should also con trIbute to Improved processabll1ty. In prelimmary experIments, 

It was noted that the hqwd prepolymer cured m the form of a tough film 

WhICh adhered tenacIously to a glass plate. The peeled film when subjected 

to a dn-ect flame dId not burn. AddItionally, a stratification phenomenon was 

noted m WhICh one surface of the f11m was completely hydrophobIC wh11e the 

other sIde was hydroph111c. It IS theorIzed that the fluormated portlon of the 

polymer IS orIented m one dlrectlon and the polYlmlde m the other. Further 

work wlll be requIred to elucIdate the mechanIsm of reactlon. 
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Possible appl1cabons of thIS system mclude: 

l. A fIre retardant f:tIm 

2. A high-temperature adhesIve 

3. A lammatmg resm for fiber remforced 

4. A hIgh-temperature sprayable coatmg 

5. A mOIsture resIstant poly ImIde . 
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5.0 PRELIMINARY EVALUATION OF TRIAZINE POLYMER AS SEALANT 

PrevlOusly It has been shown (Reference 2) that lugh molecular weIght 

perfluoroalkylether trIaZIne elastomer exlubits thermal and oXidative stabIlIty. 

Therefore, It IS a potentially useful materIal In applIcatIons such as lugh tempera­

ture seals, O-rmgs and other uses. Some prelImInary formulation was undertaken 

to evaluate to some extent the trIaZIne polymer as a fuel tank sealant. 

5.1 POLYMERIZATION 

The perfluoroalkylethertriazIne, as received, was a mIlky, VISCOUS mate­

nal of unknown molecular weight. A standard TGA (10 air, 20oC/mm) was run 

to determIne the extent of cure of the received prepolymer (FIgure 29). The 

prepolymer showed onset of degradation at 175°C. The cure schedule of heating 

for 15 hours at 154°C (310°F), then three addItional hours at 154°C (310°F), and 

fmally for a total of 30 hours at 154°C (3100 F) advanced the polymer 10 thermal 

stabIlIty to 260°C for the onset of degradation temperature (FIgure 30). 

Another sample was then cured for 4 days at 154°C (310°F). The cure 

schedule as worked out at the present does not produce the same thermal stability 

as the lIterature values. Polymenzatlon of the trIaZIne prepolymer needs more 

InvestlgatlOn. 

5.2 FOR?vfULATION 

The perfluoroalkylethertrlazme was formulated as a fllletlllg sealant. A 

small amount of the polymer as reCeived was mIlled as follows 10 parts by weIght: 

CH 327 polymer 

Thermax 

Asbestos RG- 244 

ThIS formulation was denoted 168. 
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FIgUre 29. TGA of uncured triaZine polymer, CH 327 

Mllhng of the components resulted m a stIcky, soft and phable mass. 

The TGA of formulation 168 IS shown In FIgure 31a. After mllhng, the formula­

tIon was heated at 154°C (310°F) for 24 hours. The TGA of the tnazme after 

aging IS shown In Figure 31b. The degradatIon temperature was advanced 

50 degrees to 2500 C by the post-cure, Indicating that crosshnkmg was not inhI­

bIted by the early addItIon of fillers. 

A prevIously receIved sample of tured polymer from NASA, wruch had 

been mIlled WIth the same levels of fIllers, shows a degradatIon temperature of 

290°C (FIgure 32). FormulatIon 171, where the CH 327 polymer was cured at 

154°C (310°F) for 4 days was dIffIcult to mIll. Tnazme polymer formulatIons are 

lIsted In Table 23. 

5.3 THERMAL EVALUATION 

The trIaZIne polymer as formulated In sample 204.2 shows an excellent 

thermal stabIlIty when heated at 300°C In aIr for 15 hours. The weIght loss at 

those conrutlOns IS no more than 5 percent (FIgure 33). FormulatIon 168, as 
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Figure 30. TGA of tnazlne prepolymer CH 327 
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TABLE 23. TRIAZINE POLYMER FORMULATIONS 

Formulation Polymer Welght Thermax Asbestos 

204.1 CH204 1.0 0.81 0.05 

204.2 CH204 1.0 0.80 0.05 

168 CH327 1.0 0.80 0.05 

171 CH327 1.0 0.80 0.05 

prevlously menboned, dld not reach the same level of thermal stability. Formu­

latIon 171 With a dlfferent cure schedule from 168 shows an onset of degradabon 

temperature of 230°C (Figure 34) and an Isothermal TGA (Figure 35) shows 25 

percent weight loss. The charactenstlc TGA (In air, 20°C ImIn) of the triaZine 

sample 204.2 shows a second inflectIon pOint at 540°C after a welght loss of 56 to 

58 percent, With a total welght loss occurnng at 680°C. The reason for thIs 

behavlor lS unknown at thIs bme; however, Thermax may be lncompabble With 

the trlaZlne polymer. 

:1-3~O,C d! .- '1- .'30 PM I I: 

ItF i 8 t51AM! T F - 3QOOc 
Ii 
Ii 

TEMPERATURE, °c 

Figure 33. Isothermal TGA of fotmulated triazine polymer CH 204,2 
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Figure 35. Isothermal TGA of formulltlon 171 

64 

, 
t 

• 

, 



6.0 RECOMMENDATIONS FOR FUTURE WORK 

The prevlOus sectlons have covered the successful development of 

channel and fIlletmg sealants from cyano- and diamidmome-tertnlnated perfluoro­

alkyleneether prepolymers that were supplied by NASA. Prelimmary specifica­

tlons were prepared. AddItIonal work IS recommended to more fully define 

these materIals and theIr processmg reqwrements. Techmques for process 

scale-up need to be developed. SpecIfIcally, the followmg areas should be 

studIed: 

1. Further development of the polymerIzatlon cycles of the prepolymers 
IS necessary to elImInate batch-to-batch varIatIons that have been 
noted. 

2. : Scale-up polymerIzatIon parameters of the prepolymers need to be 
defmed 

3. Further experImentatIon In choIce of fIllers used for the trIaZIne 
sealant formulation IS necessary SInce some IndIcation eXIsts of Insta­

o 
bIhty past 500 C. 

4. For safety consideratlOns, a substItute for asbestos as a thIxotropIc 
and reInforcement fIller should be Investlgated. 

5. Investigatlon of formulatlOns for varIOUS apphcatlons such as foam 
formulatlOn, O-rings and coatl~1gs should be made. 
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APPENDIX 

SPECIFICATION S 



FILLETING SEALANT SPECIFICATION 

1. Scope 

1. 1 Scope. Tlus spec1ficatIon establishes the requ1rements for a high 

temperature res1stant fuel tank filletmg sealing compound for sealing integral 

fuel tanks and mold lines. The sealant 1S capable of withstandmg long term 

exposure from -54° to 177°C (-65° to 350°F) short term exposure at 4-hour 

mtervals or less to 288°C (550°F). 

1. 2 ClasslilcatIon. The seahng compound shall be of the followmg class. 

Class A - Sealing matenal, sUltable for application by spatula. 

2. Apphcable Documents 

2.1 Government documents. The following documents form a part of tlus 

spec1f1catIon to the extent spec1f1ed here1n. In the event of conflict between 

the documents referenced herem and the contents of this specificatIon, the 

contents of tlus spec1f1cation shall be considered a superseding reqUlrement. 

SpecIfIcatlOns 

Federal 

QQ-A-250/4 

QQ-A-250/13, T 6 

TT-E-751 

TT-M-261 

TT-S-735, Type I 

TT-T-548 

~hhtary 

MIL-T-9046 

MIL-F-5566 

Alummum Alloy 2024, Plate and Sheet 

Alummum Alloy 

Ethyl Acetate, Techmcal (Orgamc Coatmgs Use) 

Methyl-Ethyl-Ketone. (For use m organIC coatlng) 

Standard Test FlUIds, Hydrocarbon 

Toluene; Techmcal 

TItamum Alloy 

FIUld; AntI-Icmg (Isopropyl alcohol) 
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3. Reqwrements 

3. 1 QuahflcatIon. The seahng compound furnished under trus speciflcatlOn 

shall be a product wruch has been tested, and has passed the quahflcatIon 

tests specified hereIn, and has been listed or approved for hstmg on the 

applicable Quahfied Products LISt. 

3.2 Matenals. The baSIC IngredIent used in the manufacture of the sealing 

compound shall be synthetic rubber of the poly(perfluoroalkyleneetheroadlazole) 

type. The seahng compound shall be cured, formulated and postcured pnor 

to application. The cured compound WIll be black In color. 

3.2.1 Preparatlon of Sealant 

3.2.1.1 Polymerlzation. The filletmg sealant shall be prepared from 30.0 

grams of perfluoroalkyleetherdiamldoXtme (NASA Ames) and 24.0 grams of 

perfluoroalkyleneetherdlmtnle (NASA Ames). The two components shall be 

mlxed In a pyrex dlsh 20.3 x 20.3 x 5.1 cm (8 x 8 x 12 Inches) and cured In 

a convectIon oven accordlng to the followlng schedUle: 

a. 6 hours at 127°C (260°F) - stlr mtermlttently 

b. 63 hours at 154°C (310°F) 

c. 26 hours at 177°C (350°F) 

The polymer prior to milling shall exhibit by thermograVlmetnc analYSIS (in 

alr at 20°C Immute) an onset of degradation temperature of 300°C or rugher 

and by Isothermal graVlmetrlc analysls a welght loss no greater than 5 percent 

at 300°C In aIr for IS hours. 

3.2.1. 2 MIllIng. The mllhng operatlon shall be performed in a drybox so that 

asbestos contammation wlll not occur as per OSHA regulatlons. Filler level of 

the sealant IS glven In parts by weIght. 

Polymer (3.2.1.1) 

Carbon black (Thermax, R. T. Vanderbilt) 

Asbestos (RC-244 "Cahdrla", Umon Carbide) 

CouplIng agent (A-187, Umon Carblde) 

100 

8.0 

0.50 

0.20 

The fillers shall be mllled for at least 30 mInutes and until the appearance of 

the materlal Indlcates complete and uniform dispersion. The asbestos shall be 
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milled in first. followed by the carbon black and the couphng agent. Post 

cure the material for 1 hour at 154°C (310 0 F). 

3.2.2 Appearance. The sealing compound shall be of a uniform blend. There 

shall be no separation of ingredients. 

3.3 Physical Properties 

3.3.1 Specific gravity. When tested in accordance with 4.6.1. the specific 

gravIty of the cured sealing compound shall be not more than 1. 90 at standard 

conditIons. 

3.3.2 Nonvo1atl1e content. When tested m accordance with 4.6.2. the nonvo1-

atl1e content of the freshly cured compound shall be not less than 98 percent. 

3.3.3 Viscosity of base compound. The sealing compound shall be applicable 

by spatula. 

3.3.4 Flow. The cured sealing compound shall exhibit no flow. 

3.3.5 Applicatlon Time. There shall be no limit to application time. 

3.3.6 Work Life. The sealing compound shall exhibit no limlt to work life. 

3.3.7 Standard cUrIng rate. After apphcatlon a postcure at 154°C (3100 F) for 

one hour IS recommended. 

3.3.8 Low-temperature flexlbdity. When tested m accordance with 4.6.7 the 

seahng compound shall Withstand the low temperature fleXIbility test at -54 ±1°C 

(65 F ±2°F) with very lIttle crackmg or loss of adheSion. 

3.3.9 Peel strength. When tested m accordance WIth 4.6.8. the sealing com­

pound shall have a mmlmum peel strength of 5.0 pounds. The matenal shall 

exhibit 100 percent coheSive failure. except for bubbles. kmfe cuts. and other 

causes that are obVIOusly not the fault of the sealmg compound. 

3.3.10 Shear strength. The shear strength of the cured sealing compound 

shall be not less than 200 pSI when tested as specified m 4.6.5. At least 

75 percent of the area of separation produced in the shear test speClmens 

shall be wlthm the sealIng compound. 

3.3.11 Stress corrosion. When tested In accordance With 4.6.6 there shall be 

no corrosion under the sealIng compound. 
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3.3.12 Resistance of fuel. 

3.3.12.1 We1ght loss and volume change. When tested m accordance w1th 

4.6.3, the percentage change m we1ght shall be no more than ±0.20 percent, 

and the percentage change in volume shall be no greater than ±10 percent. 

A t no time shall the seahng compound show slgns of cracks, powdenng, 

hardemng or loss of adhesion. 

3.3.12.2 Tensile strength and elongation. When the sealing compound 1S 

tested m accordance w1th 4.6.9, the ultImate tensIle strength and elongatIon 

of the cured compound shall be not less than 300 psi and 180 percent. 

3.4 Thermal stab1hty. The seahng compound shall exh1b1t a we1ght loss no 

greater than 15 percent when tested m accordance w1th 4.6.10. 

4. Quahty Assurance Prov1s1ons. 

4.1 Respons1bihty for mspection. Unless otherwise spec1fied in the contract 

or purchase order, the supplier 1S responsible for the performance of all 

Inspection reqwrements as specified hereIn. Except as otherw1se specif1ed, 

the supplier may utilize rus own facilities or any commercial laboratory accept­

able to the Government. The Government reserves the nght to perform any 

of the mspectIons set forth m the spec1ficatIon where such mspections are 

deemed necessary to assure supplies and services conform to prescribed 

reqwrements. 

4.2 ClassificatIon of tests. The inspection and testmg of the seahng com­

pound shall be class1ned as follows: 

a. QuahficatIon tests (4.3) 

b. Quality conformance inspectIon (4. 4) 

4.3 Quahf1catlOn tests. The matenal submitted for qualificatIon must meet 

all the reqwrements for trus specIf1cation. 

4.3.1 QuahficatlOn test samples. The qualificatIon test samples shall consist 

of 200 grams of the compound upon wruch qualification is desired. 
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4.4 Quality conformance Inspection. 

4.4.1 12h A lot shall consist of a batch of all the sealing compound 

manufactured from the same components processed at the same time. 

4.4.2 Sampling for quality conformance tests. A sample, sufficIent in SIze 

for test purposes, shall be selected at random from the lot and subJected to 

the lot acceptance tests of T able I. 

4.4. 3 Quality conformance tests. Quality conformance tests for acceptance 

of mdiVIdual batches shall consist of the following tests: 

TABLE I. LOT ACCEPTANCE TESTS 

Number of 
Requirement Test DetermInations 

Test Paragraph Paragraph Reqwred 

NonvolatIle content 3.3.2 4.6.2 2 

Fuel ResIstance 3.3.13 4.6.3 2 

AdhesIon 3.3.9 4.6.8 3 

Thermal StabIhty 3.4 4.6.10 1 

, 

4.5 Test condItIons. Unless otherwIse specified, tests shall be conducted at 

a temperature of 25 ±l°C (77 ±2°F) and a relative humidity of 50 ±5 percent. 

4. 5. 1 Tolerances on en vironmen tal conditions. Unless otherwIse speClfied, 

tolerances on enVIronmental conditions shall be as follows: 

a. Days ±4 hours 

b. Hours ±1 hour 

c. Minutes ±4 mInutes 

4. 5. 2 PreparatIon of test panels and fixtures. 

4.5.2.1 PrelimInary cleanIng. Gross soIl, markIng Ink, or grease pencIl, 

If present, shall be removed by scrubbmg with cheesecloth wet WIth methyl­

ethyl-ketone conformmg to TT-M-261. 

4. 5. 2. 2 Cleanm g . All surfaces to w blch the sealin g compound will be applied 

shall be cleaned by scrubbIng and nnslng In solvent formulated m accordance 

WIth Table II. 
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T ABLE II. FORMULATION OF CLEANER 

Percent 
Ingredlent Speciflcatlon by Volume 

Aromatic petroleum naphtha TT-N-97, Type I, 50 
Grade B 

Ethyl acetate TT-E-751 20 

Methyl ethyl ketone TT-M-261 20 

Isopropyl alcohol MIL-F-5566 10 

After nnsmg and whlle stlll wet, the test surface shall be wiped dry wlth 

clean cheesecloth. (The cheesecloth shall be free of lint and starch and shall 

contain no dye, rust, 011, or other foreign matenal.) 

4.5.3 Pnmer. When speclfied, a primer shall be apphed after the surfaces 

have been prepared in accordance with 4.5.2. The prlmer shall be apphed in 

accordance manufacturer's instructlons. 

4. 5 . 4 R ecleanm g • R ecleanm g, when required after 4. 5. 3, shall be m 

accordance wlth 4.5.2.2. 

4.5 Test methods. 

4.6.1 Speclfic graVlty. The speclfic gravity shall be determmed on the test 

panels prepared for the fuel resistance test (4.6.3.2). The panels before and 

after the apphcation of the sealing compound shall be welghed accurately 

±O.OOI grams, m air and distllled water at 25 floC (77 ±2°F). The speclfic 

graVlty shall be determmed m tnplicate and determmed by the followmg 

calculatlons. 

Speclflc GraVlty 
WI - W3 

= (WI + W4) (W
2 

+ W
3

) -

WI = Welght of panel In alr 

W2 = Welght of panel in water. 

W3 = Welght of panel and sealing compound In alr. 

W
4 = Welght of panel and seahng compound In water. 
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4.6.2 Nonvolatile content. Five to ten grams of sealing compound shall be 

transferred to a tared covered cup approximately three mches in diameter 

and 3/4 mch in depth. The specimen shall be weIghed to the nearest milli­

gram and the weight of the sealing compound calculated. The cover shall then 

be removed and the sealing compound heated for 7 days at 70 ±loC (158 ±2°F). 

It shall then be cooled m a desslcator at standard conditions, the cover 

replaced, and the specImen weighed. The test shall be run in duplicate and 

the average of the results reported. The percentage of the total nonvolatile 

content shall be calculated as follows: 

Percentage nonvolatile content = First weight 
Initial weIght 

x 100 

4.6.3 Fuel reSIstance. 

4.6.3.1 Formulation of Jet reference flwd. The Jet reference fluid reqwred 

for conducting the fuel resistance test and fluid Immersion tests of this 

specification shall be formulated as follows: 

Toluene (TT-T-548) 

Cyc10hexane (TechnIcal Grade) 

Iso-octane (TT-S-735, Type I) 

TertIary butyl disulfide (doctor sweet) 

TertIary butyl mercaptan 

30 Volumes 

60 Volumes 

10 Volumes 

1 Volume 

0.015 ±0.0015 weight percent 
of other four components. 

4.6.3.1.1 Jet reference flwd tests. The mercaptan sulfur content when 

tested m accordance with Method 5206 of FED-STD-791 shall be 0.0050 ±0.0005 

welght percent of the jet fluid. The total sulfur content when tested in 

accordance WIth Method 5201 of FED-STD-791 shall be 0.400 ±0.005 weIght 

percent of the Jet flwd. 

4.6.3.1.2 The fluid should be stored out of contact WIth light in contcuners 

whIch are Inert to the fluid lngredients. (Welded aluminum, nongalvanized 

welded steel, or glass containers are swtable.) Flwd older than 90 days 

shall be retested for mercaptcun and total sulfur content. 

4.6.3.2 Test Procedure. Three panels, 0.081 x 5.1 x 5.7 cm (0.032 by 2 by 

2.25 mches) of alummum conformmg to QQ-A-250/4, shall be tared accurately 
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(±0.001 gram) m alr (WI) and m water (W 2). A pad of seahng compound 

0.15 by 5.1 by 5.1 cm (0.06 by 2 by 2 inches) shall be apphed to each of the 

panels. One-quarter mch along one edge shall not be coated for handhng 

purposes. The volume of the soecimens shall be determined by weiglung m 

air (W 3) and in water (W 4) • The specimens shall be lmmersed m Jet reference 

fluid for 25 days at 49 ±l°C (120 ±2°F), plus 60 hours at 71 ±l°C (160 ±2°F), 

plus 6 hours at 82 ±l°C (180 ±2°F). The volume of the speclmens shall be 

determmed lmmedlately upon removal from the fuel by welghing m alr (W 5) 

and in water (W 6). The percent change m volume shall be determined by the 

followmg formula and the average of the three speclmens reported to the 

nearest percent. 

(W
3 

+ W
6

) - (W
4 

+ Ws) 
(WI + W4) - (W 2 + W3) 

x 100 = percent change m volume 

Each specimen shall then be placed in a 93 ±l°C (200 ±2°F) oven for 24 hours, 

cooled to room temperature, and then weighed agaln (W 7) . The percent weight 

change shall be determmed by the following formula and the average of the 

three speclmens reported to the nearest 0.1 percent. 

W3 - W7 
~~~~ x 100 = percent welght change 
W3 - WI 

The speclmens shall be mspected for evidence of hardenmg, crackmg, powder­

lng, or loss of adhesIon. 

4.6.5 Adhesion. Six 0.10 x 2.54 x 10.2 cm (0.040 by 1 by 4 mch) aluminum 

panels conformmg to QQ-A-250/4 shall be cleaned and prepared as specifled m 

Paragraph 4.5.3. Then Ajax scrub, apply 1 percent solution A-1S7 silane m 

methanol, dry at room temperature for 1 hour. Place a ball of sealIng com­

pound approXlmately 3/4 inch in dlameter m the center of a one square mch 

sectIon at the end of three panels. Place another panel directly over the 

lower panel and compress evenly to leave approXlmately 0.15 cm (0.060 inch) 

space separating the faymg surfaces. Remove excess sealing compound and 

post-cure m an oven at 154°C (310°F) for one hour. 
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Condition the three specImens 24 hours at 25 ±l°C (77 ±2°F) and 50 ±5 percent 

relative hUmIdity. Peel the panels apart at a slow steady rate and examine the 

surfaces for conformance to 3.8. The test shall be performed In triplicate and 

the average of the results reported. 

4.6.6 Stress corrosion. Six 0.10 x 2.54 x 10.2 cm (0.040 by 1 by 4 inch) 

tltanlum (6 Al-4V) coupons shall be cleaned and prepared as specified in 4.5.3. 

Then the coupons shall be treated for 2 hours wIth Pasa-Gel and prImed wIth 

a 1 percent solution of A-187 silane in methanol. These SIX panels then shall 

be placed In a stress corrOSIon fixture as shown in Figure 1. 

The fixture WIth the test coupons shall be placed in an oven at 288°C (550°F) 

and heated for 500 hours or until the sealant disintegrates (no less than 160 

hours). The titanium metal surfaces shall be inspected under the sealant for 

stress cracks and damage. 

2.54 x 10.2 x 0.10 em 

(1" x 4" x 040") 

TITANIUM SPECIMEN 

~ ___ (3 7/W') ___ ..... ~ 

9 1M em 

Figure 1. Str .. corrosion test. 
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4.6.7 Low temperature fleXlbihty. The sealing compound shall be apphed In 

a 10.2 x 5.1 x 0.15 cm (4 x 2 x 0.060 inch) stnp to one 15.2 x 2.5 x 0.16 cm 

(6 x 1 x 0.062 Inch) aluminum coupon by pressIng down wIth teflon plates 

and post-cunng at 154°C (310°F) for one hour. The test fIxture shall con­

SISt of a support fIxture wIth a 10.2 cm (4 mch) span and a cIrcular mandrel 

10.2 cm (4 Inch) In dIameter as shown below. 

o 
\l 

UW) 

o 
\l 

The sample and test fixture shall then be placed into an environmental 

chamber mounted on an Instron MechanIcal Testing machine. The enVIron­

mental chamber shall then be cooled to and maintcuned at -54°C (-65°F). After 

thermal equIlibration, the mandrel shall be dnven down 3.9 cm (1. 55 mch) at 

a rate of 50.8 cm (20 Inches/mm), bending the sample around the mandrel. 

Panel shall be removed and evaluated per Paragraph 3.3.8. 

4.6.8 Peel strength. The panels listed in Table III shall be used for evalua­

tlOn of peel strength. At least 12.7 cm of the panels shall be coated on one 

SIde WIth a 0.32 ±0.04 cm thickness of sealing compound. A 7.0 by 30.5 cm 

stnp of WIre screen (20- to 40-mesh aluminum or monel wire fabrIC) or WIre 

screen conformmg to Type III of CCC-C-419 shall be impregnated with 

sealant, so that approXImately 12.7 cm at one end is completely covered on 

both SIdes. The sealant must be worked well Into the fabrIC. The sealant­

Impregnated end of the fabrIC shall be placed on the sealant coated panel, 
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and smoothed down on the layer of the sealant, taking care not to trap air 

beneath the fabric. An additional 0.08 cm thick coating of sealing compound 

shall be applied over the fabric. After post-cure at 154°C (3100 F) for 1 hour, 

the panels shall be completely immersed in covered glass vessels in the flwds 

and under the conditions listed in Table ill. (Immersion in wide-mouth quart 

Jars with 2 panels m each jar 1S suitable.) After specified exposure at 60 ±l°C 

(140 ±2°F), the panels shall be cooled m the fluid for 24 hours at standard 

conditions. The peel strength shall be measured withm 10 minutes after 

removal from the test fluid. A 2.5 cm WIde section shall be cut through the 

fabrIC and sealing compound on each panel to provide the center mch for the 

peel test. The specImens shall be stripped back at an angle of 180 degrees to 

the metal panel in a swtable tensile testing machine having a jaw separation 

rate of 5 cm per mmute. During the peel strength testing, three cuts shall 

be made through the sealing compound to the panel in an attempt to promote 

adheSIve failure. The cust shall be at approximately 2.5 cm intervals. The 

results shall be the numerical average of the peak loads. Failures of the 

sealing compound to the fabric shall not be included In the peel strength 

values. 

TABLE III. 

Immers10n Medium 
at 60 ±l°C 

QuantIty Panel (140 ±2°F) 

3 0.10 by 7.0 by 15.2 cm (0.040 by JRF 7 days 
2- 3/4 by 6 in ches ) al umin um alloy. 
QQ-A-250/13. T6 

3 " JP-4 7 days 

3 0.06 to 0.05 by 7.0 by 15.2 cm JRF 7 days 
(0.025 to 0.020 by 2-3/4 by 6 
mches), tltanIum, Type I, Com-
posItIon B, MIL-T- 9046 

3 " JP-4 7 days 
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4.6.9 Tensile strength and elongatlon. MIxed seahng compound 0.32 ±0.04 cm 

duck shall be prepared by pressIng between 2 PTFE sheets, removing the top 

sheet at the end of the rated tack-free tune (see Paragraph 3.3.7) and allow­

ing the sealing compound to cure at standard conditlons. Fifteen tensile test 

specimens shall be cut from the sheet using die C as specified in ASTM D412. 

Three specimens shall be exposed to each of the environmental conditlons 

specified In Paragraph 3.3.15.2 and Table III. Where fluid immerSion IS 

specified, the 3 specimens shall be Immersed in 400 cc of the fluid. Specimens 

that are tested Immediately after the flwd ImmerSion shall be cooled for 24 

hours at standard conditions and tested Within 5 minutes after removal from the 

flwd. Specimens that are tested Immediately after oven aging shall be allowed 

to cool for 16 to 48 hours at standard conditions. 

4.6.9.1 Test procedure. The tensile and elongation tests shall be conducted 

at standard conditions in accordance with ASTM D412 at a jaw separation rate 

of 50.8 ±1 cm per mInute. 

4.6.10 Thermal stabihty. The weight loss of an approXlmately 25 mg sample 

of sealing compound shall be determmed through an isothermal thermo­

graVlmetnc analYSIS at 3000 C over a period of 16 hours. 
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CHANNEL SEALANT SPECIFICATION 

1. Scope 

1.1 Scope. ThIS speCIfIcatIon covers the requirements for one type of Inert 

permanently plastIc non-curing seahng compound for sealing or resealing inte­

gral fuel tanks designed for groove-in)ection type sealing that may be 

subjected to a service temperature range of -540 to 1770 (-65 to +350oF). 

2. Applicable Documents 

2.1 The folloWIng documents form a part of thIS specificatIon to the extent 

specIfIed herein. In the event of confhct between the documents referenced 

herem and the contents of thIS speCIficatIon, the contents of thIS specIficatIon 

shall be considered a superceding reqUIrement. 

SpecIfIcatIons 

Federal 

QQ-A-250/4 

QQ-A-2501l3, T 6 

TT-E-751 

TT-M-261 

TT-N-97 

TT-S-735 

TT-T-548 

MIlItary 

MIL-F-5566 

MIL-T-9046 

Aluminum Alloy 

AlumInum Alloy 

Ethyl Acetate, Techmcal, OrganIc CoatIngs, Use 

Methyl-Ethyl-Ketone (for use In Orgamc Coatmgs) 

Naptha, AromatIc 

Standard Test Flwds, Hydrocarbon 

Toluene; T echmcal 

FlUId, AntI-IcIng (Isopropyl AIcholo!) 

Titamum Alloy 
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3. RequIrements 

3.1 QuahflcatIon. The sealing compound furmshed under thIS specIfIcatIon 

shall be product whIch has been tested, and passed the quahflcatlOn tests 

specIfied herem, and has been hsted on or approved for hstmg on the 

applIcable qualified products hst. 

3.2 Matenal. The seahng compound furmshed under thIS specIficatIOn shall 

be a permanently plastIc non-curmg product of hIgh quahty sUItable for the 

purpose Intended and so manufactured as to meet all the requirments specIfIed 

herem. The sealmg compound shall not contam solvents or cunng agents of 

any type. 

3.2.1 PreparatIon of Sealant. 

3.2.1.1 PolymerIzation. The channel sealant shall be prepared from 50.0 grams 

of perfluoroalkyleneetherdlamldoxlme (NASA Ames) and 20.0 grams of perfluor­

oalkyleneetherdimtride (NASA Ames). The two components shall be mIxed m 

a pyrex dish 20.3 x 20.3 x 5.1 cm (8 x 8 x 2 mches) and cured m a con­

vectlOn oven according to the followmg schedule: 

a. 6 hours at 127° C (260°F) - intermIttently 

b. 70 hours at l54°C (310°F) 

c. 24 hours at 177°C (350°F) 

The polymer pnor to mIllIng shall exhIbIt by Thermogravlmetnc analysIs (m 

aIr at 20°C /minute) an onset of degradatlon temperature of 300°C or hIgher 

and by Isothermal graVImetrIc analysIs a weIght loss no greater than 5 percent 

at 300C'C m aIr for 15 hours. 

3.2.1.2 MlllIng. The mllling operatIon shall be performed In a drybox so 

that asbestos contaminatIon wIll not occur as per OSHA regulatIons. FIller 

level of the sealant IS gIven In by parts by weIght 

Polymer (3.2.1.1) 100 

LIthIum alummum SIlIcate (Llthafrax #2122, Carborundum) 55 

Asbestos (RG-244 "CalIdna", Umon CarbIde) 15 

Metal deactIvator (Irganox MD-I024, Ciba-GeIgy) 5 
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The fillers shall be milled for at least 30 mmutes and until the appearance of 

the materIal mdicates complete and unIform disperSIon. The asbestos shall be 

mIlled in fIrst. followed by the lithium alummum SIlicate and the metal 

deactIvator. After mIlling cure the matenal for 1 hour at 154°C (3100 F). 

3.3 Appearance. The sealing compound shall be free of lumps or agglomerate 

masses and shall exhiblt no separation of components. Occluded gases shall 

not be permItted. 

3.4 SpecIfic GravIty. The sealIng compound shall have a maXImum specifIc 

gravIty of 1. 90 when tested as specIfied m Paragraph 4.6.1. 

3.5 NonvolatIle Content. The nonvolatile content of the sealing compound 

shall be not less than 99 percent when tested as specIfied in Paragraph 4.6.2. 

3.6 Fuel ReSIstance. The percentage change m volume of the sealmg 

compound shall be no greater than ±10 percent and the weIght loss shall be 

less than 0.30 percent when tested as specIfied m Paragraph 4.6.3. At no 

tIme shall the sealing compound show Slgns of cracks. powdermg. hardening 

or loss of adhesIon. The materIal subJected for lot acceptance test shall not 

have swell or welght loss greater than the value obtaIned on qualiflcatIon 

InspectIon. 

3.7 AdheSIon. The coheSIve faIlure shall not be less than 95 percent when 

tested as specIfIed In Paragraph 4.6.4. 

3.8 CorrOSIon. The sealIng compound shall cause no corrOSIon on the metal 

surfaces when tested as speCIfIed In Paragraph 4.6.5. 

3.9 Seal EffICIency. When tested as specIfied In Paragraph 4.6.6. there shall 

be no leakage along the faymg surfaces and the sealIng compound shall remam 

reInJectable. 

3. 10 Thermal ExtrusIon. The sealmg compound shall not extrude more than 

3.18 cm (1. 25 Inches) from the ends of the tube. and not more than 1. 27 cm 

(0.50 Inch) from the drIlled holes when tested as specIfied In Paragraph 4.6.7. 

3.11 Low Temperature FleXIbIlity. The sealing compound shall show very 

lIttle crackmg or loss of adheSIon when tested as specIfIed In Paragraph 4.6.8. 

83 



3.12 ResIstance to Pressure Rupture. The sealmg compound when tested as 

specIfIed m Paragraph 4.6.9, shall have a mmlmum average blowout pressure of 

8 pounds per square inch for the control specImen (Paragraph 4.6.9.1), for 

the specImen exposed to fuel (Paragraph 4.6.9.2), and for the specImen tested 

at 177 ± 1°C (350 ± 2°F) (Paragraph 4.6.9.3). 

3.13 Workmanship. The seahng compound shall be a homogeneous product 

manufactured by such processes to meet the requIrements of thIS specIflcatlon. 

4. QualIty Assurance ProvIsIons 

4. 1 Responslbll1ty for InspectIon. Unless otherwIse specifIed m the contract 

or purchase order, the supplIer IS responsIble for the performance of all 

mspectIOn reqUIrements as speCIfIed hereIn. Except as otherWlse speCIfied, 

the suppher may utIlIze hIS own faclhties or any commercIal laboratory 

acceptable to the Government. The Government reserves the nght to perform 

any of the mspectlons set forth m the specificatlon where such mspectlons 

are deemed necessary to assure supplies and services conform to prescrIbed 

requIrements. 

4.2 ClaSSIfIcatIon of Inspectlon. The mspectlon of the sealIng compound 

shall be classIfIed as follows: 

a. QualIflcatlon Inspectlon (Paragraph 4.3) 

b. QualIty Conformance InspectIon (Paragraph 4.4) 

4.3 QualIfIcatIon InspectIon. The qualIfIcation mspection performed by the 

qualIfIcatIOn laboratory shall conSIst of a reVIew for approval of the submItted 

manufacturer's report, and subJectmg the qualIflcatlon sample (Paragraph 

4.3.1) to exammatlon and testlng for all the reqwrements In SectIon 3 of thIS 

speclflcatlon. 

4.3.1 QualIfIcatIon SamplIng InstructIons. The quahflcatlon test sample shall 

conSIst of 200 grams Elf the compound upon whIch quahflcatlon IS desIred. 

4.4 QualIty Conformance Inspectlon. Quality conformance mspection shall 

conSIst of the lot acceptance test speCIfied m Paragraph 4.4.2. 

4.4.1 Samplmg 

4.4.1. 1 Lot. A lot shall conSIst of a batch of all the sealIng compound 

manufactured from the same components processed at the same tIme. 
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4.4.2 Lot Acceptance Tests. A sample, sufficIent In Slze for test purposes, 

shall be selected at random and subJected to the lot acceptance tests of Table 1. 

TABLE I - LOT ACCEPTANCE TESTS 

Reqwrement Test Number of 
Test Determlnatlons 

Paragraph Paragraph 
Required 

Nonvolatlle Content 3.5 4.6.2 2 

Fuel Reslstance 3.6 4.6.3 3 

Adhesion 3.7 4.6.4 3 

Pressure Rupture 3.12 4.6.9 I 

4.5 Test Conditlons. Unless otherWIse speclfled, tests shall be conducted at 

a temperature of 25 ± 1°C (77 ± 2°F) and a relative humidIty of 50 ± 5 percent. 

4.5.1 Tolerances on Envrronmental Conditlons. Unless otherwlse speclfled, 

tolerances on environmental conditlons shall be as follows: 

a. Days 

b. Hours 

c. MInutes 

± 4 hours 

± 1 hour 

± 5 mInutes 

4.5.2 PreparatIon of Test Panels and Fixtures 

4.5.2.1 PrelImInary CleanIng. Gross SOlI, markIng Ink, or grease penCIl, If 

present, shall be removed by scrubbIng with a cheesecloth wet WIth methyl­

ethylketone conformIng to TT-M-261. 

4.5.2.2 CleanIng. All surfaces to whlch the sealIng compound wlll be apphed 

shall be cleaned by scrubbIng and nnsIng In solvent formulated In accordance 

WIth Table II. 

After rInsIng and whlle stIll wet, the test surface shall be WIped dry WIth 

clean cheesecloth. (The cheesecloth shall be free of lint and starch and shall 

contaIn no dye, rust, OIl, or other foreIgn materIal.) 
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T ABLE II - FORMULATION OF CLEANER 

IngredIent Speclflcatlon 
Percent 
by Volume 

Aromatlc petroleum naphta TT-N-97, Type I, Grade B 50 

Ethyl acetate TT-E7-751 20 

Methylethylketone TT-M-261 20 

Isopropyl alcohol MIL-F-5566 10 

4.5.3 PrImer. When specIfIed, a prImer shall be apphed after the surfaces 

have been prepared m accordance wIth Paragraph 4.5.2. The prImer shall be 

apphed In accordance wIth manufacturer's lnstructlons. 

4.5.4 RecleanIng. RecleanIng, when requIred after Paragraph 4.5.2 or 4.5.3, 

shall be m accordance wIth Paragraph 4.5.2.2. 

4.6 Test Methods 

4.6. I SpecIfIC GravIty. The specIfic gravity shall be determIned on the test 

panels prepared for the fuel resIstance test (Paragraph 4.6.3.2). The panels 

before and after the applicatlon of the sealing compound shall be weIghed 

accurately ±0.001 grams, In aIr and dIstllled water at 25 ± 10 (77 ± 2°F). 

The speclflc graVlty shall be determIned m trIphcate and determIned by the 

followmg calculatlons: 

SpecIfc GravIty = 
WI - W3 

(WI + W
4 

) - (W
2

+W
3

) 

WI = weIght of panel In aIr 

W
2 = weIght of panel In water 

W3 = weIght of panel and sealIng compound In aIr 

W4 = weIght of panel and sealing compound In water 

4.6.2 Nonvolatlle Content. Five to ten grams of seahng compound shall be 

transferred to a tared covered cup approxImately three Inches In dIameter 

and 3/4 mch In depth. The speCImen shall be weIghed to the nearest mllhgram 
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and the weight of the sealmg compound calculated. The cover shall then be 

removed and the sealing compound heated for 7 days at 70 ± 1°C (158 ± 2°F). 

It shall then be cooled in a dessIcator at standard conditions, the cover 

replaced, and the specimen reweIghed. The test shall be run in duplIcate 

and the average of the results reported. The percentage of the total 

nonvolatlle content shall be calculated as follows: 

Percent nonvolatlle content 

4.6.3 Fuel Reslstance 

= final weJ!ght 
lmtIal welght 

X 100 

4.6.3.1 Formulation of Jet Reference Fluid. The Jet reference fluid requIred 

for conductln g the fuel resistance test and flwd Immersion tests of this 

specIficatlon shall be formulated as follows: 

Toluene (TT-T-548) 

Cyclohexane (technical grade) 

Iso-octane (TT-S-735, Type 1) 

TertIary butyl dlsulflde 
(doctor sweet) 

TertIary butyl mercaptan 

30 volumes 

60 volumes 

10 volumes 

1 volume 

0.015 ± 0.0015 weIght percent 
of other four components 

4.6.3.1.1 Jet Reference FluId Tests. The mercaptan sulfur content when 

tested In accordance wlth Method 5206 of FED-STD-791 shall be 0.0050 ± 0.0005 

welght percent of the Jet fluld. The total sulfur content when tested in 

accordance wlth Method 5201 of FED-STD-791 shall be 0.400 ± 0.005 welght 

percent of the Jet fluld. 

4.6.3.1.2 The fluld should be stored out of contact Wlth hght m contaIners 

whIch are mert to the fluId Ingredlents. (Welded alummum, nongalvamzed 

welded steel or glass contaIners are sUltable). Fluld older than 90 days shall 

be retested for mercaptan and total sulfur content. 

4.6.3.2 Test Procedure. Three panels, 0.081 by 5.1 by 5.7 cm (0.032 by 2 

by 2.25 Inches) of alummum conformmg to QQ-A-250/4 shall be tared accurately 

(zO.OOl gram) In alr (WI) and m water (W 2)' A pad of sealIng compound 

0.15 x 5.1 by 5.1 cm (0.06 by 2 by 2 Inches) shall be applIed to each of the 
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panels. One-quarter Inch along one edge shall not be coated for handlIng 

purposes. The volume of the speclmens shall be determIned by welghIng in 

alr (W 3) and m water (W 4) . The speclmens shall be lmmersed In Jet reference 

fluld for 25 days at 49 ± 1°C (120 ± 2°F), plus 60 hours at 71 ± 1° (160 ± 2°F), 

plus 6 hours at 82 ± 1°C (180 ± 2°F). The volume of the specImens shall be 

determmed ImmedIately upon removal from the fuel by weighmg in aIr (W 5) 

and m water (W 6)' The percent change In volume shall be determIned by 

the followmg formula and the average of the three specImens reported to the 

nearest percent. 

Each specImen shall then be placed In a 93 ± 1°C (200 ± 2°F) oven for 

24 hours, cooled to room temperature, and then weighed agaIn (W
7
). The 

percent weIght change shall be deterrmned by the folloWIng formula and the 

average of the three specimens reported to the nearest 0.1 percent. 

W3 - W7 x 100 = percent weIght change 
W3 - WI 

The speCImens shall be inspected for eVIdence of hardenIng, crackIng, 

powderIng, or loss of adhesIon. 

4.6.4 Peel Strength. The panels listed In Table III shall be used for 

evaluatIon of peel strength. The panels shall be cleaned and prepared as 

specIfIed m Paragraph 4.5.2. The panels shall then be scrubbed WIth AJax 

and a 1 percent solutIOn of A-187 sIlane In methanol shall be applied and 

drIed at room temperature for one hour. At least 12.7 cm of the panels 

shall be coated on one sIde WIth a 0.32 ± 0.04 cennmeters of sealIng com­

pound. A 7.0 by 30.5 cm strIp of WIre screen (20- to 4Q-mesh aluminum or 

monel wIre fabrIc) or WIre screen conformmg to Type III of CCC-C- 419 shall 

be Impregnated WIth sealant, so that approxImately 12.7 cm at one end IS 

completely covered on both SIdes. The sealant must be worked well mto the 

fabrIC. The sealant-Impregnated end of the fabrIC shall be placed on the 

sealant coated panel, and smoothed down on the layer of the sealant, takIng 
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care not to trap air beneath the fabnc. An additIonal 0.08 cm thIck coatmg 

of sealing compound shall be applied over the fabric. After a post-cure at 

lS4°C (310°F) for one hour, the panels shall be completely immersed m 

covered glass vessels in the fluids and under the conditions listed in Table Ill. 

(Immersion in wIde-mouth quart Jars with 2 panels in each jar is suitable.) 

After specifIed exposure at 60 ±l°C (140 ±2°F), the panels shall be cooled in 

the fluid for 24 hours at standard conditions. The peel strength shall be 

measured wIthm 10 mmutes after removal from the test fluid. A 2. S cm wide 

sectlon shall be cut through the fabric and sealing compound on each panel to 

prOVIde the center mch for the peel test. The speclmens shall be strIpped 

back at an angle of 180 degrees to the metal panel in a sUltable tenSIle test­

ing machine haVlng a Jaw separation rate of S cm per minute. DUrIng the 

peel strength testing, three cuts shall be made through the sealing compound 

to the panel in an attempt to promote adhesive failure. The cuts shall be at 

approxunately 2. S cm mtervals. The results shall be the numerIcal average of 

the peak loads. FaIlures of the sealing compound to the fabrIC shall not be 

mcluded m the peel strength values. 

TABLE III. 

Immersion Condi-
Days in tions at 60 ±l°C 

Quantlty Test Panel (140 ±2°F) 

3 7 0.10 by 7.0 by lS.2 cm (0.040 by JRF 
2-3} 4 by 6 inches) al umIn um alloy, 
QQ-A-2S0/13, T6 

3 70 " JRF Wlth change 
of flUld every 14 
days 

3 7 " 3% aq. NaCl/JRF 

3 14 II 3% aq. NaCl/JRF 

3 7 0.06 to O.OS by 7.0 by lS.2 cm JRF 
(0.02S to 0.020 by 2-3/4 by 6 
Inches), tltanIum, Type I, Com-
posltlon B, MIL-T-9046 

3 7 " 3% aq. NaCl/JRF 
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4.6.5 Corrosion resIstance. Three panels, 0.10 by 7.0 by 15.2 cm (0.040 by 

2-3/4 by 6 Inches) of alumInum alloy conforming to QQ-A-250113, T 6' and 

three panels of 0.06 to 0.05 by 7.0 by 15.2 cm (0.025 to 0.020 by 2-3/4 by 6 

Inches), tltanium, Type 1, compositlon B, MIL-T-9046, shall be cleaned and 

prepared as specified in Paragraph 4.5.3. The aluminum panels shall be AJax 

scrubbed and pnmed WIth a 1 percent solution of A-187 silane In methanol and 

dned at room temperature for 1 hour. The titanIum panels shall be treated 

for 2 hours with Pasa Gel and pnmed WIth a 1 percent solutlon of A-187 silane 

In methanol, then dned for one hour at room temperature. The sealant com­

pound shall be applied to the test panels in 1/2 Inch dlameter globs at three 

posltlons; 2.5 cm from the bottom of each panel, 7. 6 centimeters from the 

bottom and 12.7 centimeters from the bottom. The panels shall be lmmersed 

vertlcally in a covered glass vessel with a layer of a 3 percent aqueous sodium 

chlonde solution to a 5 centimeter depth topped with a 5 centimeter depth 

layer of JRF. The fillets of sealant shall be exposed in the contaIner to salt 

solution, JRF liquid, and vapor phases. The sealed contaIner shall be heated 

In a water bath for 25 days at 49 ±l°C (120 ±2°F), then 60 hours at 71 ±l°C 

(160 ±2°F) and 6 hours at 82 ±l°C (180 ±2°F). After completion of test 

cycle, the test panels shall be removed from the Immersion medlum and the 

sealant examined for eVldence of deterIoration. The sealant shall be removed 

from the test panel and the surface of the metal shall be examined for evidence 

of corrOSlon. 

4.6.6 Seal effIciency. Two groove InJection pressure test jigs conforming to 

Flgure 1 shall be packed wlth about 20 grams of sealant in the grooves. The 

two jIgS shall be assembled WIth 1/4 Inch bolts. Install 5 mil washers (0.26 ID , 

0.50 OD) on each bolt between the plates on assembly. Observe the extrusIon 

of sealant through the three InJectlon holes positloned around the Jig at 120° 

mtervals. InJectlon holes shall be blocked with plug screws dunng all of the 

follOWIng enVIronmental exposures. Air test for leakage at 10 pSI. 

4.6.6.1 Fill one Jig with 3 percent aqueous sodium chloride and expose at 

49 ±l°C (120 ±2°F) for 25 days followed by 60 hours at 71 ±l°C (160 ±2°F) 
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1.3140 

BOTTOM .. LATE A-A 

TO .... LATE A-A 

NOTES 

1 MATERIAL - 37! ALUMINUM PLATE, 2024-T8!1 PER 00·A·2150/4. 

2 TOLERANCES XX:t 010, .XXX:t 0015, HOLE DIAM. :t .002, ANGLES:t 0° 11" 

3. HOLE CENTERED ON GROOVE 3 .. LACES THFlU TO .... LATE AT 120° INTEFIVALS 

(CSINK 100° X 114 DIAM. ON SIDE O .... O.ITI! QROOVE. TA .. B4Z UNC-38 THAU 

"EA MIL-S-7742. INSTALL MAS 1081-C18A2N .CAEW.I 

4. 21 DIAM. HOLE (40 "LACES THFlU EACH .. LATE TO MATCHI 

15 SUFIFACE INDICATED SHALL BE FLAT WITHIN 001 MAX 

I. DFlILL AND TA .. FOFl 1/. NI"T 

7 DIMENSIONS AFIE IN INCHES. 

Figure 1. Groove inJectIon pressure test jig. 
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and 6 hours at 82 ±l°C (180 ±2°F). Drain the )lg and place in an oven at 

177 ±2°C (350 ±5°F). When the temperature has stabIlized, apply pressure to 

the JIg to 5 psi and check for leakage as follows: 

.------. , 
I I I 

I 'E z.: 
I I 
I .rIO I I- ______ J 

1. Pr .. auna. ,,1 •• 
2. Cloae DH4le val ••• 
3. tlatcb far pr __ are clI'op. (Preaaurl&..s qat ..... t 

be leak tr.. rn. DHCll.. ftl.. too t.at J ~ prior 
too atart of \eat.) 

MaIntain the 5 pSI pressure for 2 hours. At the end of two hours, Increase 

the pressure to 10 psi for one mInute and agaIn check for leakage. 

4.6.6.2 The second Jig shall be filled WIth Jet reference flwd, and pressurIzed 

to 5 pSI. The JIg shall then be subJected to 49 ±1°C (120 ±2°F) for 100 hours 

followed by 10 hours at 71 ±l°C (160 ±2°F) and one hour at 82 ±l°C (180 ±2°F). 

The JIg shall then be draIned and exposed In a dry oven for 20 hours at 

107 ±1°C (225 ±2°F) followed by 10 hours at 154 ±2°C (310 ±5°F) and one hour 

at 177 ±2°C (350 ±5°F) with 5 pSI pressure applied continuously. At the end 

of the 177 ±2°C (350 ±5°F) exposure, Increase the pressure to 10 pSI for one 

mInute. Test the jIg for leakage as specified In 4.6.6.1 immedIately after the 

fuel exposure and at the end of the one hour exposure at 177 ±2°C (350 ±5°F) 

whIle the pressure IS at 10 pSI. The above aging shall constitute one cycle. 

4.6.7 Thermal extrusIon. Two holes 0.16 cm In dIameter shall be dnlled 

(5 centImeters apart and 5 centimeters from each end) through one wall of an 

alumInum tube (0.32 cm ID by 0.48 cm OD by 15.2 cm long). The tu!:>e after 

beIng cleaned and dried shall be InJected with sealing compound until full. 

Excess sealIng compound shall be removed flush with the holes and ends of 

the tubes. The tube shall be placed in a 177 ±2°C (350 ±5°F) oven for 30 

mInutes, cooled to room temperature, and the length of extrusions measured. 

4.6.8 Low temperature flexIbIlity. The sealing compound shall be apphed in 

a 10.2 X 0.64 X 0.15 cm (4 by 0.25 by 0.060 inch) strip to one 15.2 x 2.5 x 
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0.16 cm (6 by 1 by 0.062 inch) alummum coupon by pressmg down wIth teflon 

spacers and post-cunng at 154°C (310°F) for one hour. The test fixture shall 

consist of a support fixture with 10.2 cm span and a cIrcular mandrel 10.2 cm 

m diameter as shown in Figure 2. The sample and test fixture shall be placed 

into an environmental chamber mounted on an Instron Mechanical Testing 

machme. The enVIronmental chamber shall then be cooled to and maintained 

at -54°C (-65°F). After thermal eqwlibration, the mandrel shall be driven 

down 3.94 cm (1. 55 mches) at a rate of 50.8 cm (20 mches) per mmute 

bending the sample around the mandrel. Panel shall be removed and evaluated 

per Paragraph 3.11. 

4.6.9 Pressure rupture. Pack the sealing compound into nme blowout speci­

mens (see Figure 3), taking care to elinunate air bubbles, and stabilize the 

speCImens at 25 ±l°C (77 ±2°F) for a mmimum penod of 24 hours. The 

specimens shall be cooled to below -29°C (-20 ±2°F) and the excess matenal 

tnmmed from the surfaces WIth a razor blade. The specimens shall then be 

tested as described below. 

4.6.9.1 One of the specimens shall be mounted in the pressure rupture Jig 

(FIgure 3). One air hose bib of the apparatus shall be connected to a mano­

meter, the other to a vanable pressure source. The assembly shall be 

Immersed m a water bath at 25 ±l°C (77 ±2°F) and stabIlized for five minutes. 

I.OAD 

I.DAD 

4) 

Figure 2. Low temperature fleXibility test fixture. 
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Starting at atmospherIC pressure, the pressure on the apparatus shall be 

unIformly increased at the rate of one mch of mercury per 15 seconds untll 

faIlure occurs. A contInuous stream of aIr bubbles observed to come from 

the specimen shall constItute a faIlure. The pressure applIed at the time of 

failure shall be recorded. Test two additIonal speCImens In the same manner. 

The average faIlure pressure of the three speCImens shall be reported to the 

nearest 0.5 inch of mercury. 

4.6.9.2 Three of the blowout speCImens shall be Immersed m Jet reference 

flUld for 120 hours at 49 ±1°C (120 ±2°F) plus 60 hours at 71 ±loC (160 ±2°F) 

and 6 hours at 82 ±lOC (180 ±2°F). The speCImens shall then be removed 

from the test fuel one at a tIme and tested as deSCrIbed in Paragraph 4.6.9.1. 

4.6.9.3 The remammg three blowout speCImens shall be tested as deSCrIbed 

m Paragraph 4.6.9.1 WIth the followmg exceptIon: the pressure rupture Jig 

assembly shall be placed m an over at 177 ±2°C (350 ±5°F) and allowed to 

stabIlIze for 15 mmutes after the speCImen reaches temperature. FaIlure shall 

be mdIcated by a rapId drop m pressure. 
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