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JPL Contrac¢t 952091
NAS 7-100

The exercise of this contract was undertaken in two Phases.
Phase | was subcontracted to the Commonwealth Scientific Corp. of
500 Pendleton Street, Alexandria, Virginia, under Dilectrix subcontract
No. 8271. Phase Il was accomplished at the Dilectrix Corporation
facilitics at Farmingdale, New York.

i‘;Physical specimens of Teflon/aluminum composites were pre-
pared and a number of these specimens have been submitted to JPL
as inclusion“\ in 'Interim Reports Nos. 1 through 7. Additional sﬁece,
mens are being submitted with the final report as Exhibits attached

" hereto.

The correlation between the specimen Exhibits and the\reports

. themselves follows in summary:

Exhibit

1 through 4 | .

and 7 See Appendix (Table of Contents Phase Ii)

,4 »

5 and 6 Dilectrix prepared specimens, Phase Il

8 Dilectrix prepared specimens, reference
Table XI, pg. lI+32A through 1I-32D, Phase ll

9 Commonwealth prepared sgecnmens, reference
Table 1, pg. 8, Phase I.

10 | Commonwealth prepared specimens, refereace

Tables VI and VII, pgs. 49-51, Phase I.

* FINAL PROGRESS REFORT DATED 27 August 1968
** FINAL REPORT 31 July 1968
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“A. DISCLOSURE

This report has been prepared in compliance with JPL
. contract No. 952091 documentation requirements for the purpose
of disclosing to Jet Propulsion Laboratory the progress and re-

sults of; the effort accomplished at Dilectrix during the contract.
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1. INTRODUCTION

A. Past History of L.aminating Teflon. £

Dilectrix has manufactured and supplied Teflon positive expulsion

bladders for space and military applications for nearly tern (10) years.

. During this time it has continually investigated all possible avenues, tend-

ing to improve reliability of these devices. Increased shelf life, in-
creased flexural capability and reduced per}neability have undergone con:
tinuous scr\,:(ftinization in R & D programs since 1960

‘T‘he ver'y first steps of this work were directed toward studies of
basic properties of dispersion cast films and spray cdr?;tings employing
commercially a\\}ailable "Teflon" fluorocarbon resins. As a result of
these studies Dilectrix has now available numerous fc;rmulations based
on the two classes of Teflon "TFE" and "FEP" resins. The funda-
mental studies on the crystallinity and molecular arrangements of these
resins led to the developmenf of adapting a laminate construction of the
f;;';oﬂmaterials and later to the mor;e advantageous system of using the
two in co-dispersion form in proportions to obtain minimal permeation
and satisfactory flexural performance. Continued studies on permeation
Saiiures and stress defects led to a variety of bladder constmictions in-
“cluding triple pl& laminates, redundant larl;xinations and finally to metal |
bﬁrrier laminates. With eacﬁ configuration bladdeﬂr efficiency i,ncreésed.

Other systems were then explored to improve certain properties while

5

simultaneously maintaining quality gains previously achieved in other

properties’,
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.. mMinum onto the base Teflon showed that layers heavier than 20-25

B. Reason for Initiating tks Present Program.

gince maximum expulsion efficiency is a basic requirement for a
flexible propellent container "'!tbe materials use’d for this purpose must
necessarily respond to high ffexibil‘ity demands for repetitive expu‘lsionv;\“
cycles without impairing the integrity of the membrane. Further, the
materials empldyed in the construction of these units{must be compatible |
with propellent fuels and oxidizers. Mar;y fluorocarbon resins and cer-
tain selectedv’ela‘\stomer‘s comply with thg above requirements.

Of the above, Dilectrix has fo/;j"nd TFE to be the most acceptable )

bladder material. Howewér, the*ﬁresence of micro voids in the finished

// film, inherent to the high crystallinity of this fluorocarbon, makes it highly

permeable to aerospace fuels and oxidizers.

Therefore, Dilectrix has conductea‘v' an extensive in-house research
program for the development of bladder wall barriers, and has taken a
multiple approach to minimizing the permeation problem.

Chemical, vacuum, electro-dip and electro-brush pléting ;f the
films, inclusive of metal flake barriers, \impregnation of the film with cata-
lyzed siloxane oils and lamination of metallic fonl barriers, among.others,
have been*‘ir»ig}d, singularly anci in combination, in an attempt to soive the
permeation proi:lem.

’lt ha% been determined that/ micro éized metallic flakes inferposed

between TFE bladder laminations reduced NZO permeétign over 50%.

4

However, flex life was also substantially increased with metallic flake i

intra-laminates. | -

Results with metal barriers applied by vacuum deposition of alu-

J

- 2




micro inches would flake and crack, while thinner layers did not
’ prevent permeation. Additional efforts in chemical and. electrical

roff - T~

plating over sehsi’fized base Teflon did not provide the necessarzr
flexibility .

Lamination of a solid rollgd aluminum f{oil .’betvﬁee'n Teflon Qf\/ilm
layers gawve the mostj promise of producing a bladder with near zero
permeability while retainihg the physical integrity of the Teflon. An
intensification of this investigation wag warranted so that a definite and

conclusive solution to the permeation problem could be ascertaine.

C. Reason for Workiné Jointly With Commonwealth Scientific Corp.

In addition to rolled aluminium foil, a technique /kpioneer'ed and de-

veloped by the personnel of Commonwealth Scientific Corp., .‘Alexanc}ria,

i
7

Vir:ginia, of chc’amical?!y vap@r \:‘de'positing aluminum onf Teflon substrates to
ol;tain a seamless pérmeation barrier, was investigated. Aware of the
promise offered by a bladder wall construction with contiguous metallic
barrier lamination, Dilectrix allied ﬂits production and technical capabilities

with the scientific and technical capabilities of Commonwealth Scientific.
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1. . ABSTRACT.

A. Contract Goals.

E The goals of Phase Il of JPL Contrad 952091 were as follows: .
1. Investigation of Metal Foil :Léminates. |
A. Improve techniques for bonding metais to Teflon.
B. Optimi;é ar'-range\rr{fg:nt of materials/'é,ffor improved, flex‘i;fiility.
C. Fiqd methods of apn;;iying metal bar'rfier' to completed
bladders. | : ~
2. Physical Property Géals.
A. Reduced permeabiliﬂty of propellants and prop‘éllant gases.
B. Increased cycle life.
C. Freedom from delamination of the constituent parts.
3. Metallic Foil lnvestigation.
A. Aluminum foil in;/estigé»ti.on for optimum type and preparation.
B. . Stainless steel foil investigation for optimum type and
preparaﬁdg. |

. B. Contract Accomplishments.

1., Optimization of the foil to be used in the program to 1/2 mil

aluminum foil.
!

2. Optimization of Autoclave techniqil;es and arrangement of mater-
! ,;

¥
1

ial in the laminate so that the s:p;ﬁlface appearance can be pre- g
dicted énd b\liste'r free iarriinates‘qwc’:an be '{;'epe‘atedly p‘roducéd.A

3. Employinent of co-diSpersions of TFE and FEP in varying Y
proportions to improve physical propérties of the laminate. | |

4. Elimination of any propellant or gas, permeat’i‘én by the im:«l\vplsion

5  of the foil.

’ ll- 40
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Attainment of flexural cycle life which is acceptable when

TN
N

the laminate is rolled upon itself. Foil pinholding does éa)cur,

" however, when thé JPL flex tester is employed.

A tensile, strength at yield of the laminates in the 2500-2900

psi range.

~

A percent elongation at yield of 23-41%.

An initial modulus of about 300 kpsi.

4

All work initially outlined in the contract has been accom-

A bond strength before 96 hour N,O, soak of 3.5#/in./in.
plished to the extent of the contract. Samples from Phase Il
and all of Phase | samples are Abein//g included 'With'ﬂthe final

report.

Q0
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. Task 1 - Metallic Film Studies.

A. Aluminum _ Foil Studies.
| (1) Selection of Samples.

Aluminum f{oils were investigated to determine their
availability, cost, maximumn purity, ductility, pinhole frequency and
cleaning and surface treatment. It was determined that many sup-
pliers could deliver aluminum tuil in‘99.45"‘% purity which constitutes
a high grade electrical capacitor foil, in L21”/4, 1/2, 3/4 and 1 mil
thicknesses. One mil foil of 99“: 99% purity was also found to be
available, however, the extreme softness.due to its high purity in-

variably resulted in a high frequency of pinhoie, therefore this par-

ticular grade of foil was not employed.

All of-. the aluminum feils seleeted for ﬁ‘study were purchased
from Republic Foil Corporation, Danbury, Connecticut. These foils
were classified as being: "One Side Br“ight", "Driwind" or "Electr'o..
dry", referring to a cleanliness levie! as det{enmined by the manufac-
turer. All grades were heat cleaned and annealed prior to use and
were presumed to be ifree from any organic surface conta’miniants.

(2) Pinhole Frequency Study.

The aluminum foils chosen were examined\\,;&‘for‘ deter-
mination of pinhole size and. frequency‘rl as related to foil thickness.
The method used for this operation was simply a photographic light
box. Each sample was secured against the frosted glass surface of
the internally illuminated box, located in a dark room, Whe\n a 100
watt inner lamp was energized pinhcles in the samples were clearly
visible and the size randomly measured with a.corrg\,parator ( Edmund *
Scientific Co., )

-6 . | | t\

I R




"5&5“'.‘ .__, "

All foil samples were identified! by a number and pinhole count

fhformation recorded for each. At the conclusion of this test the r‘e-

b

sults were summarized and tabulated in Appendix I, "i"able I. The
size and E‘i‘equency of inherent piaholes reduce measurably as foil,
thickness increases. |

The fol\lowing‘ pinhole photographs were taken of three foil samples
and are included in the appendix as Exhibits 1, 2 and 3:

1 photo of .00025 aluminum foil, roll 1, of case 16895,

1 photo of .00025 aluminum foil, roll 2, of case 16895,

1 photo of .0005 aluminum foil, from case 781,

These were prepared as outlined below:

B

(1) Standard commercial photographic and dark room equipment
and materials were used for this test.
(2) A 12" x 12" opaque glass mask was prepared with a

6-1/2" x 8-1/2" clear area wherein the‘ foil was exposed agéinst photo-

. -
i

grapliic paper. f’/

(3) Aluminum foil layed over clear area of the glass mask with
glossy ;ide over glass.

(4) Photographic paper placed over foil with sensitized side over

the alumihum.
(5) Exposure of paper negative against light for a one minute
period. k

(6) Development drying and trimming.

——rt

-7, - ro-



ow L Table I |1
’Amfn.-n.;m :'?n Pinhole Studies ™ | * "™ %
e - Sample Number and Size Pinhgles »
‘ Source |Case No.|Roll No| Thickness | Size <.005 > ,005 >.010 >.020 |
Republic Foil Corp. 16895 1 .00025 4n x 4n 112 28 2 1
" w o 116895 1 | .00025 4 x 4 157 12 4 0
e m 16895 | 1 | .00025 | 4n x 4v 200 | 27 1 1
B 16895 2 .00025 4 x 4n 312 34 1 0
MM | 16895 2 | .00025 4n x 4n 246 22 2 0
| Republic l;oi! Corp; 17675 1 .0005 v x It o 0 0 0
A 17675 1 .0005 1 x 1 1 1 0 0
e fffw ww | 17675 1 | .000s 1t x 1t 1 0 0 0
9 | noow 17675 | 1 | .0005 1 x 1 0 0 0 o |
0| » w v {15 | 1 | .000s 1 x 1 0 0 0 o |
11 moom W 17675 1 | .000s 1 x 1! 0 0 0 o |
;12- w v w b 17678 1 .0005 1 x 1 1 0 0 0
13%| Republic Foil Corp. 81 | 1 .0005 1t x 20 © 25 6 7 0
14 moom o om 781 1 | .o000s 1" x 2 0 0 0 0
" "o, - 1781 1 .0005 11 x 2 1 0 0 o
'Republic Foil Corp. | 40135 1 .0007 1 x 1" 0 0 0 0.
" L | 40135 1 | .0007 |1 x1 0 0 0 0
neooroo 40135 | 1 | .0007  } 1'x X 0 0 0 Y
Regpliblic Foi! Corp. 27241 1 .001 1' x 15 0 (] 0 0
F*Pi“h°[iii“ samole #13 were confined to an area 3/4".in diameter. -

- T



It should be noted that handling during lay-up, even with
the exerciseA of extreme care, results in sméll creases which
cause porosity and possibly other faults in the foil. The
presence of these féw pinholes is not a serious problem, as

these voids are mitigated by the flow of Teflon at fusing tempera-

ture and by overlapping of foil. Pinholes were induced in several

sections which were later coated with Teflon, permeation tests pro-
duced negative results illustrating that low frequency does not influence
perrﬁfeation . )

/. (3) Heat Treatment §f Foil Samples.

A.fur'ther' investigation performed "v‘vco;lsisted. of s;bjecfif%lg alu=
minum foil samples to heat treatment to determine the feasiBility of
increasing their ductility. Physical constant tests were run on
heat treated and non-hezt treated sections of the following:

.00025 thick "El;ctrodr‘y'.‘ Case No.' 16895, roll 1 ‘

.0005 thick "Electrodry" Case No 17675

.0007 thick "Driwind" Case No. 40135

001  thick ;'Electrodry" Case No. 27241

Method of Aluminum Hér,i;’l"reatm,ent.

(1) Aluminum foil samples were placed inside a protective
metai envelope to prevent them from floating or be'ing‘ otherwise
damaged inside of the vacuum retort used in heat treating.

(2) The metal envelope wés placed on a sheet of asbestos
inside the vacuum retort. |

(3) A vacuﬁm line and an argon gas liné, wifh fittings to

connect a flow meter and mecury manometer, were connected to

{

the retort. | ”

-8. . | N



(4) With the argon’/ line closed a vacuum of 500 mm. of ,;{f/
.
mercury was drawn on the retort. After reaching 500 mm. the
vacuum line was shut and the retort was purged with argon gas.

(5) Purging with argon as described in Step 4 was re-
peated' twice .

(6) With the vadiigm line closed the flow meter was set on
the argon gas cylinder to deliver 20 cubic feet of argon per hour.

(7) A thermoco_ujple was connected through an entrance port |

on top of the retort.

(8) The retort was placed in a preheated ga‘s oven at 800°F.

(9) Recorded temperatures and time .until T.C. (;e‘{éc‘:hed 775°
After 1.5 hourfs at a minimum of 775°F the oven was slowly cooled

to approximately 200°F.

The total heating and cooling operation schedule was as follows:

Ogeratidn ' ' _Time
Assembly placed in ovén 0
Attain max. temperature, 775°F .5 hr.
‘Held\at max. temperature 1.5 hr.

Total time to cool (190°F) A 2.0 hr.
(10) Turned off argon and removed samples from vacuum

chamber. )
S

(11) Sent heat treated samples to testing laboratory along with

untreated samples for “physical tests. -

(12) Results of aluminum ioi'i';"“‘physical tests are shown in Table

(-3 * > (( . .
if. All values are averages of six determinations on each foil

sample. The tests were performed on an Instron Tensilometer at an 1

\

-9
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outside physi-:alt‘;\\test laboratory and showed that except for 1/4 mil

i k3
I

(.00025 in.) fqi‘i the heat treatment does not provide a significant

~ reduction in mﬂpdulus, consequently there appears to be no advantage

il .
i 3y

to be gained \with regard to higher degree of ductility.

(4) Cleaning of Foil Samples.

An itbfxvestigation was made into various methods of clean-
ing aluminum foils. Etching and solvent cleani’!ng systems were ex-
plored using metal foils in the "as received" éondition.

Etching was accomplished by means of immersing samples of
foil in various concentrations of sodium hydroxide solution which had
been sequestered with sodium gluconate. Concentrations of 50%, 25%,
12% and 7% NaOH were made up and alﬁminum foil samples of various
thicl;nesses immersed for various time periods. Climmediate problems
encountered were quick reaction on thin foils with subsequent dissolu;
tion and/or m;ssive pinholing | of the foil and difficulty in rinsing‘ the
tenacious caustic solution from the foil surfaces without wrinkling or
otherwise damagi}ng the thin metal. )

Solvent cleanin; was accomplished by means of immersing samples
of féil in acetone (reagent gradgf),, fbra period of 1/ 2 hour and then
placing the samples in & warm air recirculating oven.

/AThe \;vater droplet test was used to compare thé "cleaned" foils
With the "as received" foils. Thié test involves three drOps of !d’éion-

ized water dripping on a singular spot on the metal foil, from a fixed

|

_height of one inch. The area of water spread was then measured di-

ametrically., This method is akin to the popular water "break" test,

however, for thin foils the water; drop test is more convenient.

i-10




Physical Tea;t Results on Task 1 Foils

- =

Table .1l

Modulus Elongation: Tensile | |
Thicknessjx K PSIx% % *x Break K PSlx
{ A1 .00025"
Not heat treated 018 7,067,000 10.5 22,226
| Al. 00025"
Heat treated 0.15 4,796,000 21.3 15,818
{ Al 000s" ‘
4 Not heat treated 0,53 2,525,000 20.4 6,910
1 Al, 0005% | .
{ Heat Treated  0.53 2,782,000 23.0 6,791
4 A1, 0007
Not Heat Treated 0.71 2,521,000 39.5 9,201
1 AL, ooo7m |
1 Hest treated 0.72 2,525,000 36.3 7,629
001" |
1 Noc heat treated 1.00 3,453,000 27.4 7,487
4 Al, 001w
1 Heat treated 0.98 3,158,000 28.8 6,809
§ .0001" S.S. Type 304 o
4 Not heat treated 0.13 13,857,990 10.4 146,910
§ .0005" S.S. Type 304 -
§ Not heat treated 0.55 13,917,000 25.9 237,400
.00078% S,S. Type 304
§ Not heat treated 0.80 12,300,000 25.7 223,370
* All values arﬂ'es from an average of 6 sg}nples tested.
P /j‘/
| [1-10A o4
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Careful. measurement of water spread on "cleaned" versus:

nas received" foil surfaces failed to indicate a significant increase in

g

wettability in the cleaned foils.

B. Stainless Steel Foil Studies.

(1) Selection of Samples.

An investigation was also made to determine availability,
cost, ductiﬁty, possible heat treatments, pinholg frequency and sur-
face treatments of stainless steel foils. |

Sta}mless steel foils are obtainable in érades 301, 304, 305
with grade 302 made on special request in thicknesses from 1/10 to
1 mil. Types 304 and 305 are the mc.>st ‘malleable foils as they con-
tain lower concentrations of carbon, with 304 containing thé lowest carbon.

| Samples chosen for this; program were obtained from Hémilton
Watch Co. of L.ancaster, IPenn. They were of the type 304 in a
cold rolled condition. Samples obta.ined were in sl;xeet sizes, .0001
x 41’1/4" x 5', .0005 x 4-1/4" x 5" and .00078 x 8-1/4" x 5',

(2) Pinhole F‘r'e:‘.]uency Study.

Each sample of stainless steel foil was subjected to pinhole

frequency studies using the same method described for pinhole counts

on aluminum foils. Nxo pinholes were found in any of the samples,.
(3) Heat\;\\\\ Treatinent of Stainless Steel Foils.
A stii\}dy was also made into the possibility of heét treating
stainless steel foils for improving their ductility énd ﬁialleability. This
investigation revealed thaf the foils should be heated to 2000°F in a

vacuum furnace then quickly quenched in water. The removal of the

‘ 1 ) ) - % i
R ll - 11 !\“ ~ e ' l q
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foil from the heat to a quenching tank must be instantaneous as thé -
mass of the foil under treatment is very small.

Other factors considered were the effectiven{éss of heat treatment

i i

on relatively thin cross sections, pro;@er crystalline alignment\,}and the
results of quenching shock. All local sources for possibly per'for'min“g
this operation were exhausted With the p/esult that the test could not Be
undertaken.

(4)// Ph;i\‘si‘ca\’i\Constants for Stainless Steel Foils.

}’JJ Physical tests to determine Initial Modulus, Elongation and
,zk , q

"\Wer‘e conducted by ‘an outside testing laboratory. The results

A

Tensile

N

- of these tests are shown on Chart No. 2. All values are from an

average of 6 samples tested of each type. Tests were performed on

an Instron Tensilometer.

(5) Cleaning Stainless Steel Foils.

i

In the "as received" condition, stainless foils are coated

BN
DR

A\ ‘
‘microscopically with mill cils and other lubricating aids. Three ap-

N . ‘

ﬁi‘\*c\:aches to cleaning were examined, (a) solvent, (b) heat cleaning

\

and (c) acid cleaning.

\

. "i\‘ L] i’; L L[] L - L] )
cleaning following which the samples were dried in an air circulating

A 1/2 hour immersion in acetone was employed for solvent

oven,

The heat cleaning systerﬁ involved exposure of the foils, un-
prbtected, except for a metal envelope to circumvent flutter damage, -
in an oven atmosphere at 800°F for a period of 15 mix:mtes. The

resultant sample exhibited the typical brenze oxidation cast.
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Acid clganing was employed by immersion ©f the samples in \,\\,
( a 35% hydrochloric acid solution for a period of 2 minutes, follow,g:d
= //, . /,f",-" ) ‘
by a deionized water rinse and drying in a warm air circulating, oven.
- » “.mj; ’. /; ) )
All samples were subjected to the »(rater‘ drop test. The sol-
viant and acid cleaned:::jfoils exhibited little or no change in wettability,
however, the heat cleaned foil showed a significant increase in wet-
tability . : | -
The stainless steel foil, grade 304, cold rolled .0001 supplied
by the Hamilton Watch Co. of Lancaster, Penn., and cleaned by heat\,\,}
- treatment at Dilectrix is a suitable material for application as'a per-
Co g
meation barrier.
/ -
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tioned primer also met with limited success.

Iv. Task Il Samgﬁ;\\;?reparation

A. Treatment of Foil.

I\

Primarily the prcgram was designed to investigate only foils

which were tower coated with FEP and foils which had bee n primed K

with Dup‘iﬁgnt Teflon/aluminum primer (850-202) and then coated witb

FEP. Dilectrix' previous work with these systems had given in-

dications that the bond strength attained would meet JPL's requirements

- of 13 Ibs/in/in.

Based upon actual experience, where an inferior coating was
pbtained and pinholingjof the foil occurred during the subsequent oven

,g;j{zycle, it became evident that,ﬁ‘f"the direct, application of 850-202 primer

4

coating was not feasible. Attempts at tower coating of t’hre' aforemen=

(

AN

- \\ B

-

e
il

As received, the 850.202 primer is extremely viscous and re-
quires dilution. A normal mix was 1 part 850-202 primer to 3 parts

deionized water (containing 7% by weight of Triton X-100). Pot life

of this dispersion was approximately 10 minutes with a gr'adat/yionof :

 solids fall out starting approximately 3 minutes after mixing.” Other

formulations using 1 part 850-202 as a base and ranging from 1 part,

i ~
5 parts, 10 parts dilution of the same Triton/deionized water mixture

N ,
resulted in too viscous a mix or repeatedly short pot life. Pick up of

dispersion on aluminum foil in all cases was sparodic and non uniform.
This system was therefore discarded as @ means of Teflon prim-

ing aluminum foils for the current contract.

The application of Teflon FEP: in thicknesses of 1/4 mil and 1/2

mil to both surfaces of aluminum foil proceeded without ‘incident.

-4 @
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Becuase of the difficulties encountered with the dip coating of
DuPon{'s primiﬁg system, woric began on a substitute chbomate base
priming system embio;«:ing Alodine (Amchem Products, Inc., Ambler,
Pa.). It was our intention to a{tendpt to disperse Teflon/TFE into
thi$ mild :‘:u::icl~ etch sclution and fﬁereby formulate a workable primer,
or one which would be readily adaptable to a dip coating or casting
system.

One-half mil foilﬁ samples were then prepared using Alodine, Alo-
dine/FEP dispersion, FEP dispersio“n only"i and acidified FEP dis-
persions as the pre-treatment of aluminum foil, which were all heat |
treated for 30 minutes at 800° F, | |

The sample array are listed as follows:
A. TF"E/FEP lammate film bondc2 to FEP coated fonl
B. Aluminum foil treated with Alodine solution and lammated
to TF'E‘/F"EP film. |
C. Alumir;um foil treated with Alodine/FEP dispersion and
laminated to TFE/FEP film. :
. D. Aluminum foil treated with FEP dispersion acidified with
nitric acid, laminated to TFE/FEP fiim.
E. Aluminum fonl treated with acidified (HCL) Alodine solution,
laminated to TFE/FEP film. ' ! . '
F. Control - 2 sections of DF1700 film (F:EP to FEP) bbnded
together, |
Within the above groupings several variations of solids concen-

tration and PH were explored.
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Foil specimens, after treatment,were cut to 3-1/2" width
x 4" long. ".E"’Strips of DF-1700 were cut to 3-1/2" x 6" long. The
laminate, therefore, consisting of a) DF-1700, b) 'Treafed F.oil, c)
DF-1700, provided a 2" tab for peel tests. Laminated specimens
were placed on a 5" diameter aluminum pipe, vacuum bagged and heat
laminated following the same procedure employed in all other phases of . \\,_,}

this program.

This vacuum bag technique will be further discussed in a following

~ section dealing with laminating parameters.

Results of this study on bonding systems as shown in Table LI
reveals that the bond strength of the control sample without foil exceeded
any of the bonds of the ioil/film laminates, and that the alodine foil treat-

ment gave the greatest peel strength of the laminates.

PEEL TEST DATA

~*% 2 Strips DF-1700.

Table Il

FOIL TREATMENTH PEEL STRENGTH

‘ , ) Ibs/in.
None 0.33
FEP | 2.75
Alodine o 4.00 ;
Alodine/FEP S 2.58 |
FEP/Acidified (HNO3) 1.50
FEP/Acidified (HCL) | | 0.66
Alodine/Acidified (HCL.) -
No Foil | S 8,37

* All Foils cured at 580°F/10 min. following treatment.
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In an effort to ascer'tain the effect of cure temperature, ad-
ditional tests were run on hand dipped samples of aluminum foils
which were cured at temperatures ranging from 580°F to 680°F
for 10 minute pex'~iod.é,"i following fhe dispersion and/or solution treat-
ment. The peel tes; data is given below in Table IV,

PEEL TEST DATA

Table V.
FOIL TREATMENT CURE TEMP. PEEL STRENGTH
L Ibs/In.
FEP 620°F . 2.90
FEP | ~ 680°F 3.75
Alodine  580°F N 4.92
Alodine/FEP  620°F 5.33
' Alodine/FEP (2X) 680°F 575
Alodine/FEP (HCL) 680°F 5.75

These results confirmed the fact that elevated curing tempera-
tures increased bond strength. A third seriés of tests was arranged.
In this set aluminum foil samples which were tower coated with FEP
were cut into smaller strips and cured gt 680°F for IQ minutes. Con-
trol strips, which were not post qured, were tested alsa; The thr:ee
lots of foil evaluated had beén tower co;ted with variations in the FEP
dISpersnon coating as follows 1

437-1 1/2 mil foil; 1/4 mil FEP both _sides

437-2 1/2 mil foil; 1/2 mil FEP both sides

&
437-3 1/4 mil fonl‘ 1/4 mil FEP both sxdes. N

Results of peel tests are given ‘in T'able V.

nqz.
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Table V¥
CODE  FOIL TREATMENT POST CURING PEEL STR.
| TEMP lbs/in.
437-1 A Tow’gr‘ Coated FEP —— '5.58 N
437-1 B " " "o 680°F s.s'o===
437-2 A " " "o —-- £.08
437.2 B n "o 680°F ;1\.00

A

‘"‘"@irm the relative location of the blisters or gas pockets. The -elimination

Vi

437-3 B 680°F 1.66
* Film tab broke, maximum of 3 readings was 9.5 lbs/iﬁ. pull.
It is evident from the above data that towef coated fo":li‘yls, post

heat treated, exhibit the highest bond strength. T]’f&le data also sup-

ported Dilectrix' decision to use the 1/2 mil foil vx;ith the 1:'/4 mil

FEP coating since this system of foil preparation resulted in highest
bond values betiw;aen base metal and film. |

/"A/B. Elimination of %Bl_l_§_te_§§_.

Thnroughout the pr’ogr‘é;;i, wi'nile work progressed on various _
priming s\);t}ems, work ‘simultaneously progrqued on_the elimination

of blistering in the laminate structure. Blistering or gas pockets nor-

“mally devélop between the lower strata of film and the metai base. Mi-

crotome sections of the kblister;ed areas in ‘these film/foil ‘composites con-
of this condition is important not only for the aesthetics of a smooth sur-’
face appearance but also for the nece ssnty of havmg a continuation of the
‘laminate bond between the substrate a}-.d the foil.

The factors leading to the prese{:nce of blistering may be explained

in many ways and studies were conducted to prove or disprove each ;
|

hypothesis.
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for Teflon FEP was not adequate with regard to the removal or
cutgassing o'f the wetting agent in the FEP and, if this wetting agent
was not thoroughly outgassed prior to aluminum foil lamination, it
would outéas during subsequent Teflon FEP applications ‘over the foil
and would form blisters or delaminated areas at the substrate film/alu:-
minum foil interface. To thoroughly explor:e.,ig\his problem, all para-
meters were fixed and the temperature level for the outgassing cycle
was fixed at 680°F, TWenty experimental test pipes were then con-

structed with va}'ying time constant outgassing cycles, ranging from 30

minutes to 17 hours. The effects of outgassing (blistering) persisted

)

in a random display. Since the tlme‘or dwell appeared to neither con-

tribute or detract from this condition, this variable function was fixed.

On all following sample preparation the thermal dwell was held at 1

hour at a temperature level of 680°F,
To further determine the effects of outgassi‘ng FEP coated foil the

following was conducted. Two coated pipes were prepared by spray

coating with 3 mils of TFE and .5 mils of FEP. Only one section

was heat trested at 680@"[-"' for one hour. Three sections of foil were
laid on each coated pipe. In each case the foil secticns were dip

coated with FEP and thermally pre-treated as follows:

Section 1 - No heat treatment
Sectipn 2 - Treated for 10 minutes @ 680°F,

Section 3 - Treated. for 60 minutes @ 680°F,

il
All of the foil sections on the pipe which were not heat treated

developed some random blistering, while the sections of the foil on

the pipe which was heat treated developed far less blisters in both

size and frequency.

»
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It was apparent that the additional heat treatment of the sub-;

{' ' straté aided but did' not completely eliminate totally the blistering con-
ditions.

Upon the completion of the construction of the 20 samplé sections
as well é,s the heat treated ‘base section mentioned above, it became
increasingly apparent that the outgassing or blistering problem was in-
herent with the basic or substrate Teflon layering. It was detérmined

/
i

tk;erefore that additional effort in exploring this area was of primary

A N
N\ :
AW,

importance. A program was arranged to explore the feasibility of

i

cr“,atmg an ultra porous base TFE film. The reasoning being that

)
s/

selective gas pockets forming under thé metal foil would disperse evefi‘{lly
throughout such a structure thereby eliminating point blistering. The
test serieé was initiated using two approaches. The first was to "dry
spray" standard Teflon TFE dispersion or»xx-t‘d the aluminum pipe sub-
$trate and the second was to formulate a totally/new TFE dispersion
using a finely divided TFE granular powder. |

Pipe No. 091-737:

§
R

TFE-30 dispersion, dry sprayed onto an aluminum pipe
mandrel With repetitive coating cycles prior to curing. A total build
up of 3 mils was applied fpllowed by a light coatihg of FEP and the
part post heat treated for 1 hour at 680°F.
Pipe No. 091-738: R 7
A dispersion or suspension of Teflon was formulated from

finely ground TFE powder (particle sizes ranging from ! to 10 mi-

crons). Thickening agents were added in order to hold the relatively

I
|
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large particles in s.uspe‘ns{‘iib’z;;.

This material was spray applied to an alﬁ;inum pipe mandrel,
sequentially coat.ing, drying and ‘F}!‘cur‘ing. A thickness of 4 mils was
applied followed. by a light coating of FEP. The mandf‘el was then
;:ost‘h.eat freated for one (1) hour at 680°F,
inated to the baase and additional FEP (3 mlls) applied over the fonl.‘ y
While neither specimen exhibited any voids ux//mder' the foil, the excep-
tionally rough surface of the base TFE appa\r'ently caused high pomt
stresses in the metal foil resulting in nuinerous pmholes in the foil
and causing abandonment of this approach.

To determine whether FEP contributedﬂ solely to the void en-
trapment problem a sample (091-739) was prepared eliminating 'T'F'E
compl;tely. The sampleL had a 3 mil FEP substrate under the foil and
3 mils of FEP over the foil. Surprisingly, no voids or gas pockets

i :
appeared anywhere in the specimen. When this specimen was twice re-

~ produced (091-740 and 741) the necessity of an FEP interface between

the TFE substrate and aluminum foil as a detem:'ent to void for'mé,tion
became appar'ent.'

Samples (Figures Il to V) submitted in Monthly Report No. §
confirmed the fact that aﬂs the thickness of the FEP layer in the sub-
strate between the TFE and foil increa;ed from 0.25 to 1.0 mil, the
blistering disappeared at about the 0.5 mil interface, as shownlin

Table VI foliowing.
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TABLE VI.

Figures
o from Mthly. .
S/N ~ TFE FEP Al. Foll FEP Rpt.#5 Appearance
091-702 3.0 0.25 437-1 3.0 || Poor, numerous
blisters

091-706 - 3.0 0.5 437-1 3.0 I " "
091-708 3.0 0.5 437-1 3.0 IV excellent, no
blisters
091-710 3.0 1.0 = 437-1 3.0~ V " "

It is true that S/N 09i-706 and S/N 091-708 appeared to be
similar in construction, while one contained many blisters and the other
none at all. Hq:g:lever, a review of the fabrication data revealed the
possibility of an error in measuring the FEP interface thiqkness in

S/N 091-706.

The presence of voids or gas pockets which developed under

the foil was now concluded to be the result of outgassing of TFE

rather kthan FEP as had been suspected in the past. Voids were
shown to br’e cbi;nple‘tely e,{(\liminated in an all F'Ei:’/alumin:.lm foil lam-
inate, and further elimi;maéed in a laminate containing a TFE base
where 'said ba%e was coated with a heavier than normal FEP !ayer
prior to foil lamination. |

Another factor which influenced blistering in test samp’\les, but_ o
which would not affect the aesthetics of bladder construction were the
layers of Aqua-dag applied to the ends of the foil to facilitate bond or
peel testing. The Aqua-da'g was applied above the foil on one épd and
just below the foil on the other end of the pipe in order to obtain peel
results at both interfaces. The presence of Aqua-dag (a colloidal

graphite material employed as a release agent only) contributed to mas-

sive blistering only in those select "end" areas.

- 22,



s
“

R
e

With the basic foil preparation techniques Hbeing stand‘ardized a
final effort was made to change the vacuum bag l‘aminating technique.
As used the procedure initially was as follows:

.A. Lay up foil o'nto Teflon coated mandrel.

B. Wrap the above arrangement with TFE slip sheet, bleeder
fabric and plé.ce it in a TFE vacuumﬁ\i;ag.

| C. Place this assembly in a high’px‘ﬂessur‘e autoclave, equipped
with heaters ‘}and controll&er‘s .

D. Maintain a vacuum of 29+ Hg on *be bag and raise the preS- )
sure in the autoclaveito 100 psig. Cencurrently reise the temperature
level to 580°F. |

~ E. Maintain 580°F for a period qf 5 minutes and then lower the
temperature, drop the pressure and remove the assembly froml ]the
autoclave, .

F. Remove vacuum bag, bleeder fabric and shp\\sheet and coat

the aluminﬁm/ﬂ"eﬂon laminate with Teflon FEP.
o G. Dissolve the mandrel eE}ﬁxbstrate.

In tlte‘ step by step pro‘cess“ outlined above, probably the most im-
porteu;t constants are temperature, vacuum and time. Since FEP has a
distinct rrtelt point at 540°F ’and continues to decrease in vi»scosity above

this temperature level, this parameter was controlled carefully by means

of thermocouples attached directly to the vacuum bag ports. Normally a

temperature level of SﬁO'F is maintained during final staées of vacuum

i
laminating treatment, 'However, some consideration was given to the

interdependence of th’i{}e melt point of FEP (540‘F") and the rate a‘/‘t which °
J '

vacuum was appl"ied to the confining TFE bag. ’/

™
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Four test pipe; were run in the a.u:toclave, S/N 091-713, 714,
717 a;:d 755,. in order to study this reiétionship. In each case the
vaéuu;n as measured ih inches of Hg was held for a period of 30
minutes at the point where thf;i pipe assemblies reached 540°F. Fol-
lowing this hold proceduré, th\; normal vacuum of 29 in. of Hg w{'zls

applied and the temperature raised to 580°F to complete the pr‘ociéss.

A summary of the test results are shown belgw in Table VIi.

Table VII.

: No. of In.of Hg
Treatment Foil @ 540°F

S/N of Foil Thickness = Sheets in autoclave Appearance
091-713 alodine/FEP 12 mils 2 | 1 very poor,
: large blisters
714 FEP 12 mils 2 2 excellent, small
S blisters on oven-
lap
717 alodine/FEP 7 mils 1 0 4 e%}\cellent; 2
' - ,‘«s”’r"nall blisters
755 alodine/FEP 12 mils 1 2 very. poor;

i large biisters

~ In comparing the above results with numerous previous runs on film/

foil construction it is appbopriate to conclude that the vacuum bag/auto-
clave process for laminating” a treated aluminum foil to a Teflon substrate
is adequate. The Ci:umber:}of, parameters and the variability of each, how-

ever, necessitate additional designing of controls a»ndu a deeper ini/esgiga—

. : . Ve

tion of the effect of each of the constituents in the film/foil assembly. . ////
. ' : /
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C. Laminate Construction. _ =,

)

bilectrix has previously shown that a 52 'TFE co-dispersion
(5% F'EP/95% TFE) has exhibited lmproved physxca! pro*wertues
over a TFE/FEP laminate. It was hoped that 10%, 30% or 30% S
co-dispersions might indicate ah improved physical film structure while |

-
o

maintaining the normal éppearance of a Teflon. bladder film. Samples

"'091 742, 743, 744, 745, 747, 713 and 755 as listed below in Table

VIill were fabricated for this purpose. The columns show the pro-

gression of eacn constituent as applied to the aluminum pipe substrate.

i

- = ‘Table VL | 3

S/N TFE!  FEP!  ALFol FEP!

o - Treatment

091-742 3.0% - FEP 3.0

091-743  3.0% 0.5  FEP = 3.0

091-747 3.0+ 1.0  FEP 3.0

091-744 3.00¢ 0.5 - FEP 3.0 y

091-745 3.00¢ 0,5  FEP 3.0 3 |
C091-713  5.0%x 1.5 alodine/EEP 6.0 N

091-755 5.0%k 1.5 g_lodine/F«Ep 6.0

1) Thickness in mils
¥ 10% FEP used in co-dispersion with TF"E

Ak 30% " n ] n _ " "

*k% 50% v . on " n 0 " n -
skaksieok 7 5% " " " on " " : 4 o "y
NOTE: Aluminum foil thlckness in each case was 0.5 mils thnck | 3
o In order’ to obtam total fusion of Ee co-dlspersnon layer (sub-

D B

strate hlm) each spray application wa“sf‘ smtered at a temperature of
680“F. This is appreciably above the 540°F melt point of the FEP.

i
Q‘\“é« =

) o
o
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Subsequently, the films containing the higher loading of FEP develo*ped”
an uneven surface appearance. | The unavoidable thermal degradation
of FEP at this hngher temperature contrnbuted to this condmon

Samples 713 and 744 with 5% and 30% co-dispersion, respec-
tively, both blistered. However, this was later proven to be the resultu
of'the foil treatment and not the TFE/FEP \e'o-diSpersion. |

Also to obtain improved physlcals, an attempt was made to pre-
pare two aluminurn foil laminates with TFE co-disperéion, ‘instead of
FEP, above the foil. Both of the laminates (S/N 091.749 and 749)
were severly blistered upon appli'eation of the TFE top co;t‘\\:\f;\ This

was expected prior to production, but it was felt“l that the-f: low flex eyc'le'

,/

a

madef tol u{pgrade this property. Due to the bl:stermg, naturally thxs
app foach was not continued

/;] All of the scheduled lammate structures had thncknesses in the
7- 8 mil ranget However, as will be- dlscussed the number of llex
cycles required to pinhole tlle foil on -the JPL flex tester was m all
cases less than ten (10)

Li;rnin*ate thicknees vli\r:as tlnought to be the‘/broblem areal Tl'iree

(3) twelve (12) mil laminate ‘structures (S/N '091'_713 714, 755)

were therefore fabrncated wnth a basnc constructlon uf 5.0 mil TFE co-

dispersion, 1.5 mil FEP, .5 mil Al foil (treated thlf:—vFEP) aud 6.0

~ mils FEP. Flex cycle life before pinholing of the al. foil did not im-

prove.

>

[y

However; these thicker laminates all had initial moduli m the range

/.

of 250,000 psi, as compared to the 400,000 psi with the thmner struc-

tures, Thns appears to be one advantage of heavner lamgnate structures.

p I 3
. ‘ N B :
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V. Task Ul. Testing and Results.

_A. Permeation.

The Basic Vengo ‘Permeation Cell was designed by JPL. and
is shown in Figure 1 of Jet Propulsion Laboratory T’echnicél Memo-
randum No. 33-55. Six permeation cells were reworked to incor-
porate a stainless steel permeant reservoir and sample holder in

/

place of the costly and breakable glass apparatus. The results of

permeation testing has shown all aluminum foil laminates to have

zero permeability over the 24 hour test period. Even with small
pinholes in the foil, permeation was not evident as long as the Teflon
film itself was not destroyed. Apparatis employed in permeation test-
ingv is shown as Exhibit 4 in the Appendix. |

" B. Bond Test.

Another of the important considerations of this study was the
bond strength at the film/foil interface. The bond strength peel tests
r ‘,fyﬁ‘ '
were set up on selective pipe structures by introducing a thin layer

of Aqua-dag at the interface layers, directly under and over the foils,

at both ends of the pipe assembly. The §ull tabs created by 4this pro-.

cedure were cut into 1" wide strips and peel;d apart on a Scott Ten-
silometer at a jaw separation rate of 2"/miﬁn. | with the pull tabs 180°
apart.

| Surprisingly, the alodine treated foil lamina’es had a slighﬂy .
lower bond strehgth than the FEP coated foil. Also, the thicker
l\aminate;sﬁ ﬁad a slightly lower bond strength than the thinner ones. .

All of these peel results are lower than the ones shown in Section IV
) L {////,7 | B
on foil treatment and is apparently due to the size of the bonding area.

ll“27o




! 4

—~

H ?
par

All of the test samples and other selected samples, were ex-

_ posed to NoO 4 for a 96 hour period. In every case delamination of

the foil was evident. This was ﬂ%rgely due to the all-around edge ex-
i

sosure that these samples recei\L“'\gd in the test apparatus. Bladders

would not be subjected to tﬁis exp;\;;re and consequently would not

show the propensity to delaminate that these 1" x 3" samples did.
Attached in Appendix 5 is one sample of S/N 091-714 before

and after exposure to N2\y04. Shown below in Table IX is a summary

of bonding results.

TABLE IX..
PULL TEST BEFORE 1;1204 SOAK.
S/N Bond Strength Thickness Foil

(#/in/in) of Laminate Coating
'691-705 / 3.5 7 mil 1/4 mil FEP both sides
091-711 2.7 7 mil 1/4 mil FEP both sides
091-714 2.2 14 mil 1/4 mil FEP both sides
091-717 2.5 7 mil alodine treat; 1/4 mil FEP

| both sides

091-713 2.2 14 mil " " "o "

q{91-7ss 1.6 14 mil " " me owoow
b (/




AFTER N, O SOAK TEST (96 hour)

2 4
S/N Appé;rance After Soak - 2 Samples

051-705 Delaminated completely on one side; other side delaminated
at edges and easily peeled.

091-708 Delaminated completely on both side.

091-710 Delaminated completely on one side; other side delamir;ated
at edges and easily peeled. S

091-711 Delaminated completely on both sides.

091-741 One delaminated completely on both sides. One same as

S/N 091-705, only harder to peel.
. 091-743 One delaminated completely on one side; other side delam-
: inated at edges and easily peeled. One delaminated com-

pletely on both sides. ”

091-744 Delaminated completely on one side; other side delaminated
at edges and easily peeled. :

091-747 Delaminated completely on one side; other side delamfnated

- at edges and hard to peel.

091-714 Delaminated completely on both sides.

091-717 Delaminated completely on both sides.

091-713 Delaminated completely on one side; other side delaminated
at edges and hard to peel. '

091-755 Delaminated co}npletely on one side; other side delaminated

. at edges and hard to peel.

-29.
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C’.‘ Flex Test. | - -

Another a;ea which has met with limite.gl success throughout
this program is the flex life of the film/foil cc:;mppsite la:minates. As
shown in Exhibit 7 the JPL flex testér (rolling fold simulator) was

too rigorous a test fqr these laminates. The different elongations df}:.
the foil (approxima:t;lyﬁ 40%) and Teflon (approximately 400%) caused
pinholing. of the foii in less than 10 cycles in all cases; in a few
samples pinholes occurred as soon as the laminate passed over the
end Vee section. The test was performed at 70°F, with 5 Ib. tension
on the sample.

To further explore the effect of heavier film structures in this -
type of test, three (12-14 mil) laminates ({_S.,/'i\*‘091-713, 714, 755)
were fabricated. S/N 091-714 is shownﬁas Exhibit 6 after ten (10)
flex cycles and, as can be observed, pinholes are evident in the foil.
Although the foil exhibits low flex life, thé adjacent Tefion film will én-

dure normal flex fatigue. For example, flex failure, occurs after sev-

eral thousand flexes.

kD\\\. Surface Appearance.
| ! lnéluded in the following table (Table X) is a sﬂummary of the
construction of all sample/s with a blister free surface Appeﬁrancet;\, All
of the pipes 'includec.l either did not blister, or if there was a slight
blistering it could safely §e presu'med to be'due to Iayckkof prope;f or

J

adequate FEP in tiie sub-layer directly under the metal foil.
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] | TABLE X
% PIPES WITH ACCEPTABLE SURFACE APPEARANCE

H S/N APPEARANCE CONS TRUCTION
{ | From Pipe Up
Thickness in Mils

091-705 Fair-blisters near Aqua-dag 5% co-dispersion TFE (3.0): FEP

i at edges; few towards cenier (0.5): Foil*Aqua-dag: FEP (3.0)
| 091-711 " L " " I L " 5% co-dispersion TFE (3.0): FEP
l s (1.0): Foil Aqua-dag: FEP .(3.0)
: i ,/;f'l"j .
? 091-\’;‘08 Excellent - none 5% co-dispersion TFE (3.0): FEP
(0.5): Foil: FEP (3.0)
091-710 " " 5% co-dispersion TFE (3.0): FEP
(1.0): Foil: FEP (3.0)
091-739 " L FEP (3.0): Foil: FEP (3.0)
091-740 " " N " " " "
091, 741 " " " " n " K
091 743 " " 10% co-dISpersmn TFE (3.0): FEP
| | (0.5): Foil: FEP (3.0)
091-744 Very good - two small 30% co-dispersion TFE (3.0): FEP
£ blisters (0.5): Foil: FEP (2.0)
091-747 Excellent - one contaminated 10% co-dispersion TFE (3.0): FEP
area with large blisters (1.0): Foil: FEP (3.0) =
691-714 Very good - very small blis- 5% co-dispersion TFE (5.0): FEP
ters on overlap of two foil (1.5): Foil: Aqua-dag: FEP (6.0)
layers |
091-717 Very good"’{- two small 5% co-dispersion TFE (3.0): FEP

blisters (1.0): Foil: Aqua-dag: FEP (3.0)

*NOTE: In all cases except 091-717 the fonl is F" P coated only. S/N

091-717 used alodine/FEP coated foil,

I- 31

E:




s\-.\”

E. Physical Constants.

For convenience stre#s-strain data was broken down into two
tables. Table Xl is a complete compilation of the physical constants of
all of the pipes préduced under this t;;c;ntract, while Table Xllsummar-
izes the properties f;:r those constructions which produced blister f\\}.ﬁe
lamfnates . “ ’ : i

The data has shown the foil lam\‘\ir;ates to have the physj}ical prop-
erties which: were expected from work conducted prior to this pro-
gram. The tensile stress of the samples ranged from 2500 to 2700
at the yield point. The corresponding elongation atﬂthe yigld point
was from 23“ to 41%. It should be noted that the higher elongations,
S/N 708, 710,/5;11, were from those samples whicn had no greater
than 1\ mil F'EF; layer in the substrate and were made with a,' 5% TFE
codispersion. These same samples were the ones which»generally ex-
hibited the higher tensile (,3150-3509) and elongation ~430%A;t the break
point of the film. Other results being equal, this appears to be the
type construction which offers the highest mechﬁa‘nical properties. Low
initial moduli, however, are a characteristic of :\thicker laminates which

have also been shown to possess maximum tensile and yield values.

Iy
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TABLE XI
s/N Thickness Laminate Preparation Appearanée L
N (Mils) | i !
Qder *TFE is-5% ,c:uo-dispersion\\‘:‘i‘\_
of unless noted by A=10% , |
Produc- K=30% !
tion L= 5 0% \
Foil is 437-1 (1/2 mil foil
with 1/4 mil FEP) except |
as noted in 713, 717 & 755
A.D. is Aqua-dag.
701 8.25 TFE 3.0:Foil:AD:FEP 3.0 Poor (lg.blisters) /
702 7.46 TFE 3.0:Foil:FEP 3.0 Poor ’lang blisters)
703 8.73 TFE 3.0:Foil:AD:FEP 3.0 Fair (slight nr,center
- , ) excessive - edge.
/ |
705 9.10 TFE 3.0:FEP,5:Foil:AD Fair ("as 703")
- FEP 3.0 -~ o, ' |
(' 106 &.57 TFE 3.0:FEP.5:Foil:FEP 3.0 Poor (excessive
| medium blisters)
707 9.22 TFE 3.0:FEP.5:Foil: AD Fair (good at center
FEP 3.0 . lg.blisters at edges)
- 708 8.56 TFE 3.0:FEP.5:foil:FEP 3.0 Excellent
709 19.20 TFE 3.0:FEP 1.0:Foil:AD Fair ("as /707")
FEP 3.0 } Co
710 8.63 TFE 3.0:FEP 1,0:Foil: FEP 3.0 Excellent
711 9.53 TFE 3.0:FEP 1,0:Foil:AD Fair ("as 703") !
- FEP 3.0
727-B 7.49 TFE 3.0:FEP.5:Foil:AD ~ Very good (some
FEP 3.0 medium blisters)
731-C 7.79 TFE 3.0:Foil:AD FEP 3.0 Excellent
32 . 7.62  TFE 3.0:FEP .5:Foil:FEP 3,0 Poor (many large " l
| 0 R | | blisters)
- T137-A ’1:_1..21 : TFE 4.0 (Dry spray disp.) Rough coating

FEP.S5:Foil :FEP 3.0

0
-32a . s 12
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TABLE XI contd.
LE

sS/N Thickness L.aminate Prepéra'tio,n Appearance
(Mils)
) )
738 9.92 TFE 5.0(wet spray disp.) :FEP Rough Coating ‘
.5:Foil:FEP 3.0 |
739 7.87 FEP 3.0:Foil:AD:FEP 3.0 Excellent
740 8.08 FEP 3.0:Foil:FEP 3.0 Excellent
741 7.91 FEP 3.0:Foil:FEP 3.0 /’E.xce‘llent
742 7.46 TFE(A) 3.0:Foil:FEP 3.0 Fair (some blistering)
743 8.85 TFE(A) 3.0:FEP.5:Foil: Excellent
FEP 3.0
744 9.06 TFE(K) 3.0:FEP.5:Foil; Very good (couple
i FEP 3.0 small blisters)
745 9.53 TFE(L) 3.0:FEP.5:Foil: Poor (blisters
FEP 3.0 throughout)
748 9.26 TFE(K) 3.0:FEP.5:Foil: ‘Poor (blisters
; FEP.5:TFE(K) 3.0 thrcughout)
747 10.04 TFE(A) 3.0:FEP 1.0:Foil Excel. (one area with
| FEP 3.0 | large. blisters)
749 8.69 TFE(K) 30%: FEP 0.5:Foil: Poor (blisters
3.0 TFE(K) 30% throughout)
713 14,38 TFE S5.0:FEP 1.5: Alodine/ Poor (blisters
| . FEP Foil:AD:FEP 6.0 throughout)
714 14.05  TFE 5.0:FEP 1.5: Foil:AD; Very good (small
FEP 6.0 blisters on overlap
of two foil layers)
[ 2T 8.00 TFE 3.0:FEP 1.0:Alodine/ Very good (2 small
FEP Foil: AD:FEP 3.0 bllsters)
755 14.63 TFE(K) 5.0:FEP 1.5:Aledine/ Foor (blisters ;
FEP Foil:AD:FEP “6.0 throughout) !
{. 4 |
j o
% = " :
{ 1
A 1-3288 4\
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TABLE Xl contd.

s/N Strain Rate Modulus Kpsi % Elongation Tensile (Fsi)
(% min.) 4000 8000 **  Alum. .Film Yield Max.
: 100 395.1 399.5 ’ : |
Y701 10 503.6 482.1 39.0 357 2772 3035
100 . 357.1 374.5 | |
702 10 - 361.6 397.1 24.0  422.0 2649 3429
100 356.6 378.8 o
703 10 449.2 471.2 36.5 430 2700 33535
100 343.3 360.3 :
705 10 | 460.4 428.1 35.1 445 2695 _ 3304
100 303.9 318.1
706 10 337.5 363.5 23.0 476.0 2582 3632
100 336.7 368.7
707 10 | 389.9 430.7 °©  38.7 436 2710 3230
100 369.5 383.9 |
708 10 400.7 399.6 40.0  439.0 . 2707 3489
100 356.7 376.3 ,, .
| 709 10 485.8 477.2 38.8 . 452 2678 3293
. 100 323.8 343.7
710 10 420.4 430.9 41,0 437.0 2702 3448
100 337.7 341.3
711 10 400.0 401.3 39.4 429 2641 3151
R 100  346.4 379.1 yield break
727-B 40 430.7 449.3 386.0° 532.0 3220 2212
100 341.7 360.7 | “
731-C _ 277.0 546.0 2984 2385
100 328.2 330.8 |
732 . o 345.0 413,0 - 3103 1871
100 ~ 256,0 235.0 »
- 737-A 31.6 2000 1928
100 64.4 64.7
738 7.8 42,7 1457 1325
” | S -
. 100 356.3 380.7 ; ' |
(739 10 3921 4521 /23,9 510, 2830 3674

. l/
| %%10,000 where
thickness is greater )
than 11 mils, 1-32C
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TABLE Xl conid.

S/N Strain Rate Modulus Kpsi % Efongation Tensile (Psi)
{ (% min.) 4000 8000 Alum. Film Yield - Max.
100 307.5 337.3
740 10 402.1 390.3 31.6 67.0 2735 2482
) 100 364.0 383.2 -~ |
741 10 455.5 464.3 26.5 41.0 2763 2470
. 100 370.7 391.4 )
742 10 509.2 502.7 '39.5 324.0 2682 3076
100 350.5 372.7 ” . o
743 10 431.7 443.4 38.0 400.0 2654 3133
100 321.4 346.3 | “
744 10 435.4 424.7 33.6 288.0 2634 2687
100 337.3 364.1 |
745 10 411.4 412.4 18.2 32.6 2514 2282
100 268.3 280.1 o N
148 10 299.1 293.6 19.2 410 2432 3054
{ 100 324.4  333.1
747 10 406.5. 399.2 37.4 374.0 2574 2906
T - .
100 279.8 293.6 |
749 10 289.5 290.9 12.8 320 2382 2703
100 242.8 244.6
713 10 261.0 262.8 37.0 438 2450 3248
100 216.3 224.3 | g *
714 10 255.8 255.1 40.8 469 2485 3346
O “\ .
. 1,100 335.9 369.2 v
717 10 428.6 413.5 35.2 397 2821 3357
) 100 230.3 241.5 | “
S 1 10 274.7 264.3 33.6 437 2485 3003
/
/
|
(fi‘} \
. \\-)' N
. . RN
-32D ¥
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e ~ TABLE XII ' : ’

¢

ST;I»’QESS[STRAIN DATQ, {Ranked by TensiLer at Yiel:!‘“\ Point) ForSpecimens With Smooth Surfaces.

S/N 5000 _psi_Initial Modulus Yield Point T Maximum,
o 10%/min Strain Rate | 100%/min Strain Rate| Tensile (psi) |Elongation (%) Tensil:miion
3 kpsi__ : kpsi__ (psi) (%)
739 452.1 380.7 - 2830 23.9 3674 | 510 ‘
717 413.5 369.2 2821 35.2 3357 | 397
741 464.3 383.2 2763 26.5 2470 | 41 (delam)
740 ~390.3 337.3 2735 31.6 2482 67 (delam)
08 | ©399.6 383.9 2707 40.0 3489 | 439
= 710" " 430.9 343.7 2702 41.0 3448 | 437
;5 705 428.1 360.3 2695 35.1 | 3304 | 445
743 443.4 372.7 12654 38.0. 3133 | 400
711 401.3 — 341.3 2641 39.4 3151 | 429
744 424.7 346.3 2634 33.6 2687 | 288
7 399.2 333.1 2574 37.4 2906 .| 374
714 255.1 $224.3 2485 40.8" 3346 | 469

\
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VI. Conclusions.
The work performed under JPL Contract No. 952091,

Phase II, has been most constructive in solving some of the prob-

P
-

lems heretofore associated with the assembly and construction of a

metallic foil Teflon film bladder structure. All of the work accom- \> |

=

plished within the scope of this contract was necessarily performed
on standard cylindrical pipe Abases and as such may not be truly
correlatable to full scale bladder assemblies.

The problem areas that have existed in the past, however, were
more clearly brought to light and solutions were ﬁeveloped. Perhaps

the most perplexing problem has been the persistance of gas pockets ,

5i
e

o

or blisters in the film/foil composite and the particular stagé‘_' in pro-

cessing at which thesé, blisters begin to occur. A logical sequence

of planned experiments followed within the contract has led to a sat-

isfactory solution to this problem.

> Achievement may be lisrte”d as follows: . )
A. A selective choise of aluminum iéil and fixed thickness gauge
.ﬁas been deterrr;i’t‘ined'.

B. Sev‘eral methods of s‘urfache ;:leaning énd priming of the rﬁétal
o foil were explored in detail. Although the priming system .’re-
sulted in & measureable degr'ee: of ,Sond of foil to film. this

area requires additional exploration. |
C. Independent of the priming system and ‘Teflon film thickness

under and cver the metal foil, gas entraprr.nent'»or blistering

has been eliminated. 1‘

T
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D. '})"he vacuum/temperature/pressure process for laminatiné
tﬁe_ metallic foil to a Teflon base has been sequentially ’ér-:’
rfan’fé,,led ﬁa?nd controlled so that a high degree of reproduci-
bility has been achi‘eve‘%a. The effects, however, of large
segments of metal foil and frequency of overlaps at foil
edges on composite integrity did not fall witl;’in the purview
of this contract and do require further study.

Due to the nature of some of the processing problems which de- |
véioged during the ‘exerc,i;se of this contract, some deviations were
necessary resulting in the fa«.ﬁ'}‘ic;%tion of many more sample pipe struc-
tures”tha;x were osi""igina!,ly antic,i;éted. Since the inclusion of specimens
from each of thie composite samples within this report would be im-

practical, a selection of sample structures was made and are appended

to this report in Appendix C.

‘u- 4 ‘ ; ' x%‘&
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APPEHDTY, o '

Exhibit 1 ~ Pinhole Prequency Photo #1
Exhibit 2 - Pinhole Frequency Photo #2
Exhibit 3 - Pinhole Frequency Photo #3
Exhibit 4 = Vango Permeability Set-up
Exhibit 7 - Rolling Fold Simulator:’
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Exhibit 1
Pinhole Fre uencg Photograph
Republic Foil Corporation
00025 ‘Electro Aluminum Foil 11-%6
Photo #1 Case #16895 Roll #1 =3
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Exhivit 2

Pirhole Fraquenc

Republic

cil

«00025 Electro
. Photo #2 Case #16895 Roll #2

Photograph
orporation
Aluminum Foil
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Exhibit 3
Pinhole ?re;uencg Photograph
Republic Foil Corporation I1-38

«0005~1 Side Bright Aluminum Foil
Photo #3 Case 781



TEFLON SHEET

FLAT ALUMINUM RING

RUZBER O~RING

¥ 1¢/30

10-32" HEXAGON SOCKET

HEAD MACHINE SCREW

2=-mm STOPCOCK

ORY N, GAS
FLOW 60 ml/mm

L e

v L))

2=mm STOGPCOCK

LIQUID Ny

TRAP

BUBBLE
COUNTER

QUART DEWAR JAR

,?.

FLUOROLUBE OiL

Exhibit 4
Vengo Permeability Setup.
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