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I. SUMMARY

An investigation of certain fabrication and processing parameters

associated with the use of polyurethane foams in sealed cryogenic

insulations is presented.

The problems associated with the use of polyurethane foams in sealed

cryogenic insulations were investigated by GAC under the following

tasks:

a.

Optimum hole pattern in perforated foam. Fifteen 12 inch
diameter test specimens were fabricated for NASA LeRC evalua-

tion in a thermal conductivity apparatus.

Outgassing characteristics. Methods of preconditioning foam
to reduce outgassing were investigated. These include vacuum

conditioning at room temperature and elevated temperature.

The effects of cell structure. Several types of open cell foams
were evaluated to obtain a desirable open cell rigid foam.

Attempts were made to rigidize several open cell flexible foams.

Compression characteristics of open and closed cell foams were

o
investigated at room temperature and -320 F,




E-ID-18(7-64) (JR-218)

REF: ENGINEERING PROCEDURE §.017

" DATE

June 25, 1965

REV DATE
REV DATE

PAGE 2
GOODVECQBO': A/\"EP()SPACE -y 12249
e e CODE IDENT NO. 25500

Vapor barrier materials evaluation and fabrication techniques for

utilization of vapor barrier materials to seal polyurethane foam in-

sulations were investigated under the following tasks:

b.

Vapor barrier films - Helium gas permeability tests utilizing
mass spectrometer techniques were conducted on various candi-

date vapor barrier materials.

Adhesives - Helium gas permeability tests utilizing mass spec-
trometer techniques were conducted on selected adhesive can-

didates for vapor barrier material seams.

Outgassing characteristics - Selected vapor barrier films were
preconditioned to reduce outgassing of surface contaminants
and evaluated by weight loss measurements in a vacuum environ-

ment .

Vapor barrier film adhesive seam samples were evaluated for
outgassing of a typical glue line edge by weight loss measure-

ments in a vacuum environment.
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II. INTRODUCTION

Certain problems are associated with the use of low density polyurethane
foam in sealed cryogenic insulations systems such as the Centaur light-
weight insulation developed by NASA LeRC and Goodyear Aerospace Corpora-
tion (GAC). To reduce or eliminate these problems, further investiga-
tions were conducted to optimize the material and configuration of the
foam element and to improve the vapor barrier material sealing element
of the insulation system. This final report describes the work per-
formed by GAC on NASA LeRC contract NAS 3-5646 Article l.c. wherein

the problems associated with the use of polyurethane foams in sealed
cryogenic insulation systems were investigated. Close technical liaison
between NASA LeRC and GAC afforded decisions and expeditious attainment

of investigation objectives.
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I1TI. INVESTIGATION DISCUSSION
A. General

The specific items investigated as described in later detail
are those associated with upgrading the reliability and thermal
performance of the Centaur lightweight sealed foam insulation.
The investigations are directed toward the improvement of two
major elements of the sealed insulations, (a) the foam element

and (b) the vapor barrier foam sealing element.

Investigations directed toward foam optimization as an insulation

in a sealed foam system included the following tasks:

(1) Determination of an optimum hole pattern in perforated foam.
To determine the maximum percent of open area, hence minimum
area of solid conduction, test samples were constructed of
alternating layers of foam slices and metallized Mylar film
for evaluation by NASA LeRC in a thermal conductivity appara-
tus. Preliminary screening tests were conducted at GAC to
determine the maximum percent of open area possible without
contact of metallized Mylar layers when the foam Mylar sand-
wich is subjected to uniformly distributed pressures ranging

from 0 to one atmosphere.
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(2) Outgassing characteristics. Candidate foam samples in
slices form were analyszed for outgassing characteristics
as related to practical techniques for preconditioning the
foam to reduce outgassing., These foam preconditioning
techniques include:
(a) Vacuum conditioning at room temperature
(b) Vacuum conditioning at elevated temperature
(¢) Alteration of foam formulations to reduce or eliminate

the elements which theoretically would outgas at very

low vapor pressures of 10'h Torr or less.

: ‘ (3) The effects of cell structure. Rigid closed cell foams

have two déficiencies in a sealed self-evacuating cryogenic

insulation:

(a) The cells provide a gas source that slowly diffuses
through the cell walls creating an outgassing problem.

(b) The flow of cryopumped gas to the cold wall is restricted
by the cell walls,

Open cell walls do not have these problems and are there-

fore desirable. To obtain a rigid open cell foam, two

approaches were investigated, (1) obtain a foam that is

REF: ENGINEERING PROCEDURE §.017

E-ID-18(7-6L) (JR-218)

rigid in the original state by the use of a cell structure
having a high percentage of broken cell walls and (2) attempt

to rigidize open cell flexible foams by application or im-

pregnation of a rigid coating to the skeleton network of the

foam.
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3.

(L) Compression Characteristics. The compression properties

of deflection, recovery and permanent set were investigated
of the candidate foam samples. Tests were conducted at room
temperature and -320°F. Consideration of these properties
will be a factor in selecting a foam having the desirable
properties of low deflection under load and complete re-

covery after removal of load.

The investigations directed toward vapor barrier materials and
fabrication techniques for a sealed foam insulation include the

following tasks:

(1) Permeability Characteristics: The helium gas permeability

of vapor barrier materials and vapor barrier seam adhesives

were investigated utilizing a mass spectrometer apparatus.

~ Candidate vapor barrier materials were evaluated in both

the unwrinkled and wrinkled condition. By mutual agreement

between NASA and GAC technical representatives, the vapor
barrier material helium permeability data generated by GAC
for NASA Contract NAS 8-11376 (Flexible Vacuum Jacket
Development ) will provide adequate infc;rmation on this
aspec¢t of the permeability characteristics. The helium
permeability data for vapor barrier adhesive seams was con-
ducted 6n'two candidate resin systems Goodyear G-207 poly-

ester resin, and Adiprene L-100/Mocha polyurethane resin.




REF: ENGINEERING PROCEDURE §-017

E-ID-18(7-6L) (JR=218)

" pate _ June 25, 1965 GOODYEAR AEROSPACE PACE 7

REV DATE . corpORATION GER- 12249

AKRON 13, OHIO

REV DATE CODE IDENT NO. 25500

(2) Ougassing Characteristics. On the basis of permeability
tests, vapor barrier materials having a Mylar outer layer
appear most promising for sealed self-evacuating cryogenic
insulations. The outgassing characteristics of the Mylar
surface was evaluated by weight loss measurements conducted

after surface preparation by solvent cleaning.

Vapor barrier material seams were evaluated for outgassing
characteristics of the adhesive as a function of drying

of the adhesive prior to heat sealing of the seam.

B. Polyurethane Foam Investigations

1. Determination of an optimum hole pattern in perforated foam.

By reducing the contact area of the foam on adjacent foam or
aluminized Mylar layers, the following benefits will accrue:

(1) The thermal conductivity will be lowered

(2) Weight will be reduced

(3) The breathing capability of the foam will be improved, thus

lowering the impedance to cryopumping gas flow.
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The contact area of the foam may be reduced by addition of per-

forations to the foam separators by mechanical techniques:

(a) of punching and piercing as shown in Figure 1.

(b) by cross plying foam strips as shown in Figure 2.

(c) by specialized foam formulation to provide uniform distri-
bution of gas bubbles throughout the foam manifesting them-
selves as holes or perforations when the foam is cut into'

thin slices as shown in Figure 3,

A paramount consideration in the selection of the perforation size
and pattern is the ability of the perforated foam separator to
prevent thermal shorts caused by contact of the 0.00025-in.
aluminized Mylar radiation shields while under a normal load of

one atmosphere pressure. The thermal short characteristics of
various separator perforations was investigated by constructing
test samples of alternating layers of 0.00025-in. aluminized Mylar .
shield and foam separators to a minimum thickness of two metallized
Mylar layers and three foam separator layers. The foam slices were
perforated with various patterns and sizes of holes to determine
the maximum percent of open area that is possible without contact
of the metallized Mylar shields when the foam-Mylar sandwich is
subjected to one atmosphere pressure induced by a flexible vacuum
jacket surrounding the sample. The Mylar shields placed with alu-

minized sides adjacent to each other were wired to an ohmeter,
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FIGURE 2 - 12" DIAMETFR CALORIMETER SAMPLE WITH CROSS PLY STRIP FOAM SEPARATOR
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Contact between the aluminized shields was checked by the ohmeter
E resistivity measurements observed during evacuation of the sample.
The above testing technique is shown in Figure L. Test results
on several types of foam with and without perforation patterns

are noted in Table I.

TABLE T - ALUMINIZED MYLAR ELECTRICAL TESTS FOR

HEAT SHORTS

Separator Test
Thickness Pores Results
(in.) per in. Type (15 psi)
0.10 10 Flexible Scott foam Short
. 0.10 10 Rigidized Scott foam No short
0.10 20 Flexible Scott foam Short
0.10 25 Flexible Scott foam No short
0.020 . . Rigid polyurethane (Goodyear Aero- No short
space)
0.020 oo Rigid polyurethane (GAC); 1/8 by Short

1/2 in. slot staggered; 38 percent
open; 2 pcf (Figure 1)

0.020 oe Rigid polyurethane (GAC); 2 pcf; No short
1/8~in.-dia staggered 3/ 8-in.
centers; LO percent open (Fig. 1)

" 0,020 ..  Rigid polyurethane (GAC); 2 pcf; No short
1/8-in.-dia staggered 1/l-in.
centers; 23 percent open

REF: ENGINEERING PROCEDURE 5.017
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0.020 .o Rigid polyurethane; Zero-cell; 1.5 Short
pcf; 3/16-in. dia staggered 1/L-in
centers; 51 percent open

0.020 .o Rigid polyurethane; Zsro-cell; 1.5 Short
pef; 1/L- by 1/2-in. oblong slot,
side staggered; L1 percent open




pate  June 25, 1965

GOODYEAR AEROSPACE FACE 13
REV DATE compomration GER- 12249
- REV DATE CODE IDENT NO. 25500

FRONT

REAR

FIGURE L - ELFCTRICA S

AL TES

T SETUP FOR HEAT SHORTS BETWEEN RADIATION SHIELLS




E-ID-18(7-64) (JR-218)

ENGINEERING PROCEDURE §.017

REF:

DATE

June 25, 1965

REV DATE
REV DATE

PAGE .=_lh
GOODYEAR AEROSPACE ™~ 12209

AKEION 15 OHID
CODE IDENT NO. 25500

The above test procedure served as a screening method to de-
termine potential perforation patterns that will not allow
thermal shorting of aluminzed layers. The following additional
considerations will be given to the ultimate selection of per-
forations:

(1) NASA Lewis Research Center calorimeter test results of
thermal performance as a function of compressive load on
the foam contact area

(2) Feasibility of perforating foam slices by mechanical means

(3) Strength and handling ability of perforated foam slices

From the test results noted in Table I, the maximum percentage

of open area that will not permit thermal shorts of the aluminized
Mylar is approximately LO percent. This percentage is considerably
lower than the desired 80 to 90 percent open area objective based

on observations from earlier NASA LeRC calorimeter studies,

The preceeding testing was conducted to determine the percent
open area in the foam separators wherein no thermal shorts of the
Mylar radiation shields would occur under the full range of
pressure loading conditions (0-15 psi) encountered by the sealed

self-evacuating cryogenic insulation,




i
5
!
v

B i 43T AL AN R G AP AN Rl s K RaRA

E-ID-18(7-6L) (JR-218)

REF: ENGINEERING PROCEDURE 5.017

June 25, 1963 GOODYEAR AEROSPACE ™ 12

CORPORATION GER- 122)49

ARRON 15, OMIO CODE IDENT NO. 25500

Further testing was conducted to determine the maximum open

area in the foam separators that would prevent thermal shorting
of the Mylar radiation shields at low pressure levels of 0 to
1.5 psi. For this determination the test apparatus was equipped
with an inclined tube water manometer to sense the pressure level
when the electrical contact is broken between the aluminized.

layers. The test set up is shown in Figure 5.

The test procedure is as follows:

(1) A seven inch diameter test specimen comprised of foam and
aluminized Mylar layers is mounted on a vacuum plate and
instrumented as shown schematically on Figure 6. The con=-
figuration of typical foam separator specimens (lazer # 3

on test setup) are shown in Figure 7.

(2) The Mylar vacuum bag covering the test specimen is evacuated
to apply approximately 28" Hg pressure to the specimen.
While under the vacuum pressure load, electrical shorting
between the aluminized Mylar and the aluminized foam layer
is observed by the ohmmeter resistance reading stabilizing at
zero, This measurement would represent maximum thermal short

condition.,
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(3) The vacuum pressure is released by backfilling the vacuum

bag with air. When the mercury manometer drops to 1.5" Hg the
water manometer was opened to the backfill line and monitored
during the remaining backfill cycle. The ohmmeter resistivity
measurements were simultaneously monitored and the pressure
level noted at which the resistivity measurement stabilizes

at infinity. Test results are noted in Table II. amd IIA.

The selection of configurations for further evaluwation in
12 inch diameter calorimeter specimens is based on the cri-
teria of open area of foam separators versus pressure at o©

resistivity.

It should be noted that the resistivity measurement method
of testing for thermal shorts as outlined above is a very
conservative technique due to the fact that resistivity
measurements are at ®®wvwhen only a minute area of contact
exists between the aluminized surfaces that are wired to

the ohmmeter. As the vacuum pressure load is being reduced,
the amount of contact, and hence the thermal conduction path,
between layers, may be very small long before the ohmmeter

indicates complete loss of contact.
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TABLE II
LIST OF FOAM SEPARATOR SPECIMENS FOR
ELECTRICAL SHORT TESTS
Specimen Percent
No. Description of Foam Separators Open Area
# GAC - .060 x .320 strips .75 x 75" openings (L9%)
#2 GAC - ,060 x .320 strips 95" x. 95" openings (56%)
#3 GAC - .060 x .320 strips 1.25" x 1.25" openings (63%)
#h GAC - .060 x .150 strips .95" x 95" openings (7L.5%)
#5 Mobay -7 .060 x .320 strips .75" x 75" openings (L9%)
#6 Mobay -7 .060 x .320 strips .95" x ,95" openings (56%)
#7 Mobay -7 .060 x .320 strips 1.25" x 1.25" openings (63%)
#8 Mobay -7 .060 x .150 strips 75" x 75" openings (69%)
#9 Mobay -7 .060 x .150 strips .95" x ,95" openings (7,.5%)
#10 Mobay -7 .060 x .150 strips 1.25" x 1.25" openings (80%)
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TABLE TIA
FOAM SEPARATOR TEST RESULTS - PRESSURE ATo© RESISTIVITY
Foam Separator Release Pressure - Inches of Water
Test, Specimen (See Cycle Cycle Cycle Cycle Cycle Cycle
No. | Table II) #1 #2 | #3 #l #5 #6 Remarks
1 #1 1.1 .5 .5 .75 .15 45 | See Note #1
2 #2 1.11 -8 06 05 052
3 #3 .01 O | .01
L #L .01 .01 .01
5 #5 10.5 8.0 605 3.0 105
6 #6 .85 «20 .20 «20 «25
7 #5 1.75% | 8,0 10 9.5 12.5 See Notes #2 & #
Repeat #1 ¥Mylar incorrect
oriented
8 #5 8.0 9.0 10 10.5 10.5 See Note #3
Repeat #2
9 #5 16 i i
Repeat #3
10 #6 1.0 2.0 2.0 2.1 2.1
Repeat #1
11 #7 .01 .01 .01
12 #8 .5 A 1.0 1.0 1.0
13 #9 01 | .01 | .01
I #10 ol o1 .08 o1l ol
15 #5 6.0 | 5.5
Repeat #i
NOTES: 1. Reference figure 6 for description of test setup.
2. .020" foam (layer #1) spot bonded to Mylar (layer #2) with G-207
adhesive located in center of each open area of foam separator (1ayer
#3).
3. .020" foam (layer #1) 100% bonded to Mylar (layer #2) on tests 8 thru
15.
L. New ohmeter used on fifth cycle. All subsequent tests conducted with
hew meter,
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The calorimeter test samples described in Table III were
constructed for evaluation in the NASA LeRC double-guarded

cold-plate thermal conductivity apparatus.

Typical calorimeter samples are shown on Figures 8, 9, 10,

and 11.

Investigation of Outgassing Characteristics

The foam separators used within sealed insulation panels were
investigated to determine fabrication and preconditioning tech-
niques necessary to prevent or reduce outgassing. The outgassing
characteristics were evaluated by weight loss measurements in a

vacuum enviromment.

These tests were conducted in the specially constructed test
facility shown in Figure 12. The facility consists basically

of an automatic recording vacuum balance, pumping system, speci-
men chamber, and instrumentation. The balance has a capacity

of 200 grams and can measure weight changes as low as 0.02 mg
(0.00002 gram). A heater is built into the specimen chamber to
provide controlled elevated temperatures. Continuous information
of weight, temperature, and pressure as a function of time were

recorded automatically on strip charts.
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TABLE III - COMPOSITION OF

12 INCH DIAMETER CALORIMETER TEST SAMPLES

Calorimeter
Sample No. Layer
GACY NASA | No. Material Description Remarks

1 1066 MAM .0015"

and} and .020" 2 PCF white GAC polyurethane foam 3 pc. slices @
2 1067 L mil Mylar aluminized two sides

Same as 2

Same as 3

Same as 2

Same as 3

Glass fiber mat .0OB8"™
MAM .0015"

MAM ,0015"

062" 115 PPI Scott Foam-Flexible
3 mil Mylar aluminized two sides
Same as 2

Same as 3

Same as 2

Same as 3

Glass fiber mat .008"

MAM ,0015"

3 2043

O o= ONnEW o O O~ ONLE\wW D -

N 1070 .020 2 PCF white GAC polyurethane foam One pc. foan

% mil Mylar aluminized two sides slices cut from
Same as 1 and 2 alternate layers 300°F P.C. foam
block, Slices
baked 150°F prior
to assembly.

o

(W3]
|
N

5 20LL MAM ,0015" See Figure #8
,062%" ;5 PPI Scott Foam-Flexible
L mil Mylar aluminized two sides
Same as 2

Same as 3

Same as 2

Same as 3

Glass fiber mat .008%

MAM ,0015"

O O~ VLEW N
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Calorimeter
Sample No,.

GAC

NASA

TABLE III (CONT.)

Layer

No,

Material Description

Remarks

6

2045

O e ONnNEwWw N

11-19
20
21-29

W
o

1 mil Mylar-Aluminized side in,
.020 2 PCF white GAC polyurethane foam
% mil Mylar aluminized two sides
Same as 2

Same as 3

Same as 2

Same as 3

Style 116 glass cloth

1 mil Mylar-aluminzed side in.
Same as 2

Same as 1 thru 9

Same as 2

Same as 1 thru 9

Same as 2

See Figure #9

20L6

MAM .0015"%

212" rigidized 10 PPI Scott foam
% mil Mylar aluminized two sides
Same as 2

Same as 3

Same as 2

Same as 3

Glass fiber mat ,008"

MAM ,0015"

1071

O o~ O\ Ew o+ O @O~ ON\LEw o

MAM ,0015"

.020" 2 PCF white GAC polyurethane foam
% mil Mylar aluminized two sides

Same as 2

Same as 3
Same as 2
Same as 3
Glass fiber mat ,008%
MAM ,0015"

Perforated 23%

open

(1/8" dia holes
Lt centers)
See Figure #10
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TABLE III (CONT.)
Calorimeter
Sample No. Layer
GAC , NASA No. Material Description Remarks
9 1072 1 | 1 mil Mylar-aluminized side in
2 «020 2 PCF white GAC polyurethane foam .
3 | 80 PPI Scott foam .06"x.150" strip Criss ecross
L | % mil Mylar aluminized two sides pattern 1.45" open
S | Same as 2 spacing
6 | Same as 3
7 | Same as L
8 | Same as 2
9 | Same as 3
10 | Same as |
11 | Style 116 glass cloth
12 | 1 mil Mylar-aluminized side in
10 20h7 1 | MAM ,0015"
2 10" 10 PPI Scott foam-Flexible White foam
3 | % mil Mylar aluminized both sides
L | Same as 2
5 | Same as 3
6 | Same as 2
T Same as 3
8 | Glass fiber mat
9 | MAM ,0015%
11 20,8 1 |1 mil Mylar-aluminized side in
2 | .020 1.8 PCF Carwin Chemical Co. foam 98% open cell rigid
3 | % mil Mylar aluminized two sides by the Upjohn Co.
L |Same as 2 Carwin Chem. Div.
5 | Same as 3
6 | Same as 2
7 Same as 3
8 | Style 116 glass cloth
9 |1 mil Mylar-aluminized side im
12 1073 1 |1 mil Mylar - aluminized side in
2 | .020 2 PCF Mobay #10775L4-7 foam 96-97% open cell
3 | % mil Mylar-aluminized two sides rigid polyurethane
L | Same as 2 foam by the Mobay
5 | Same as 3 Chemical Co.
6 |Same as 2
7 |Same as 3
8 |Style 116 glass cloth
9 |1 mil Mylar-aluminized side in
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TABLE III (CONT.)
Calorimeter
Sample No, Layer
GAC | NASA No. Material Description Remarks
13 1074 1 | 1 mil Mylar-aluminized side in
2 | .020" 2 PCF Mobay #10775L-7 foam Bake foam slices over-
3 | % mil Mylar-aluminized two sides night at 150° before
i | Same as 2 assembly
5 | Same as 3
6 | Same as 2
7 { Same as 3
8 | Style 116 glass cloth
9 | 1 mil Mylar-aluminized side in
10 | Same as 2
11-19| Same as layers 1 thru 9
20 | Same as 2
21-29 | Same as layers 1 thru 9
22 | Same as 2
1k 1075 1 | % mil Mylar-aluminized two sides 100%| 3-M #77 Aerosol
bonded to .020" 2 PCF Mobay #10775L-7| Adhesive used in
foam. Foam side out, bonding Mylar to foam
2 | .060" 2 PCF Mobay #10775L4-7 foam
cutout to 20% solid area (.150" wide | With respect to hole
strips with 1.25" open spacing) pattern #1, pattern #2
Pattern #1 has holes shifted
3 | Same as 1 % space in x & y axes|
i | Same as 2 Pattern #2
5 | Same as 1 In all cutout layers,
6 | Same as 2 Pattern #1 the strips are aligned
7 | Same as 1 in same direction.
8 | Same as 2 Pattern #2
9 | Same as 1
10 | Same as 2 Pattern #1
11 | Same as 1 See Figure 11
12 | Same as 2 Pattern #2
13 | Same as 1
1y {Same as 2 Pattern #1
15 | Same as 1
16 |Same as 2 Pattern #2
17 |Same as 1
18 |Same as 2 Pattern #1
19 | .060%" 2 PCF Mobay #107754-7 foam
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TABLE III (CONT.)

Calorimeter

Sample No. Layer

GAC ¢ NASA No. Material Description Remarks

15 | - 1 | .020" 2 PCF Mobay #10775L-7 Foam
2 | % mil Mylar-aluminized two sides
3 | .060" 2 PCF Mobay #107754-7 foam

cutouts to 20% solid area (.150" wide
strips with 1.25" open spacing)

L | Same as 1
S | Same as 2
6 | Same as 3 Pattern #2 With respect to hole
7 | Same as 1 Pattern #1,Pattern #2
8 | Same as 2 has holes shifted %
9 | Same as 3 Pattern #1 space in x & y axes
10 | Same as 1
11 | Same as 2
12 | Same as 3 Pattern #2 In all cutout layers,
13 | Same as 1 the strips are aligned
1 | Same as 2 in same direction.
15 | Same as 3 Pattern #1
16 | Same as 1
17 | Same as 2
18 | Same as 3 Pattern #2
19 | Same as 1
20 | Same as 2
21 | Same as 3 Pattern #1
22 Same as 1
23 | Same as 2
2 | Same as 3 Pattern #2
25 | Same as 1
26 Same as 2
27 | Same as 3 Pattern #1
28 | .060" 2 PCF Mobay #107754-7 foam
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FIGURE 12 - HIGH-VACUUM BALANCE AND TEST CHAMBER
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Several preliminary test runs were conducted to establish the

test procedure as outlined below:

A, Ambient temperature test

(1)

(2)

(3)

()
(5)
(6)
(7)

(8)
(9)

Cut nine strips .020" thick x 2" x 8". Use white cotton
gloves in handling foam to prevent finger print conta-

mination of foam.

Precondition foam strips in a controlled 75°F temperature
and L5% relative humidity environment for a minimum of 16

hours before test.

Place nine preconditioned specimens in specimen chamber
of the high-vacuum balance, Space specimens apart to

allow free space between strips.

Record "in air" weight, time, temperature, chart on.
Reduce pressure by roughing to 500 microns- 1 hour.
Reduce pressure to 10 microns, run 1 hour.

Reduce pressure to 5 x 10‘h, run 1 hour (including
approach time).

Reduce pressure to 1 x lO"h, run .5 hour or 1 hours

Reduce pressure to 5 x 1075, v omoow oo
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5, run .5 hour or 1 hour #

(11) Reduce pressure to 5 x 10-6, u " "

(10) Reduce pressure to 1 x 10

(12) Reduce pressure to ultimate and run overnight.
(13) Record data and secure test.
Pressure may be reduced when weight loss slope reaches 10

percent.

Elevated Temperature Test

(1) Same as ambient test Step (1).

(2) Same as ambient test Step (2).

(3) Same as ambient test Step (3).

(L) Same as ambient test Step (k).

(5) Reduce pressure to 500 microns.

Cool baffles of cold trap with LN2. Increase temperature of
test specimen chamber to 300°F in approximately 1 hour. Hold
500 microns pressure.

(6) Reduce pressure to 10 microns 300°F maintained. 3

(7) Reduce pressure to 5 x ].O"}4 BOOOF maintained. %

(8) Reduce pressure to 1 x 10'h 300°F maintained. #

(9) Reduce pressure to 5 x 105 300°F maintained. %

(10) Reduce pressure to 1 x 10~5 300°F maintained. %

(11) Reduce pressure to 5 x 10~6 300°F maintained. #
(12) Cut off heat and cooling, reduce pressure to ultimate
and run overnight.

(13) Record data and secure test.

#Pressure may be reduced in less than 1 hour if weight

loss slope reaches 10%.
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The test procedures noted above using the principle of
weight loss as a function of pressure, temperature, and time
have proved to be successful as a screening tool for analyzing
the basic outgassing characteristics of various materials.
This procedure has enabled detailed examination of the be-
havior of materials with respect to total weight loss and

has provided information concerning the critical areas such
as the pressures below which an extremely slow rate of weight
change (outgassing) occurs. Although this information is con-
sidered to be mandatory in determining preconditioning tech-
niques, additional data must be obtained to more closely com-
pare outgassing characteristics of materials in the environ-
ment that results in extremely small weight lcsses. The
automatic weighing system previously descrited will measure
weight changes as small as 0.02 mg and might be considered
adequate. However, when this seemingly small weight is
converted to volume of gas at pressures of 10"’5 torr, it is
apparent that erroneous conclusions could be reached in the
selection of materials in a composite vacuum insulation
system. To provide the necessary data to completely define
the outgassing characteristics of materials that have been
preconditioned, apparatus is required in which a very small
rate of outgassing can be readily detected and recorded as a
rise in pressure in the vacuum-tight test chamber. This ap-
paratus ahd test procedure could not be provided within the

funds availsble on this contract.
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Four candidate rigid polyurethane foams listed below were
evaluated for outgassing éharacteristics as a function of

preconditioning techniques :

(1) 2 pcf white closed cell by GAC.
(2) #10775L4-3 2.31 pcf open cell by Mobay Chemical Co.
(3) #107754-7 2.18 pcf open cell by Mobay Chemical Co.

(L4) TS1080 1.7 pcf open cell by Upjohn Co. Carwin Div,

Test results are summarized on Table IV. Curves of weight
loss vs pressure are shown on Figures 13 thru 19. The sig-

nificant conclusions derived from these testis are:

(1) The greatest weight loss occurs in the 500 micron to
10 micron pressure range. In the 1078 1o 1076 Torr
pressure range the slope of the weight loss curves is
below 10 percent and does not change appreciably with

reduction of pressure.

(2) Foams subjected to the elevated temperature plus vacuum
conditioning experienced greater outgassing weight loss

than vacuum conditioning only.

(3) Open cell foams lose weight at a faster rate than closed

cell foams.,
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(4) The Mobay Chemical Company #107554-7 foam loses approxi-
mately 50 percent less weight than GAC or Carwin Chemical

foam,

L

(5) A1l foams tested do not outgas appreciably at 10 - to

10 pressure range.

A technical meeting was held at the Research Laboratories
of Mobay Chemical Company for the purpose of investigating
the possibility of obtaining foam formulations specifically
tailored to eliminate elements which theoretically outgas
at vapor pressures of 10-4 Torr or less. Preparation of
open cell foam structures was also discussed and will be

covered in subsequent sections of this report.

It was the opinion of the Mobay personnel that there should
be little if any outgassing problem with the basic urethane
polymers when exposed to space vacuum but there is a defi-
nite chance that it will occur with some catalysts, stabi-
lizers and blowing agents. Foams in the past have exhibited
outgassing problems but the exact source has not been defined.

The following opinions were offered by Mobay on this subject:
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(1)

(2)

(3)

(L)

Although there are some low molecular weight low
boiling portions present in the base resins, once the
isocyanate reaction is completed during foaming these

portions also become thoroughly tied up in the polymer.

Certain catalysts notably the tertiary amines may remain
as unreacted volatiles in the foam. This can be over-
come by substituting a reaction amine such as methyl
diethanolamine and/or possibly metal organic catalysts

such as dibutyl tin dilaurate.

Some of the non reactive stabilizers such as some sili=-
cones may volatilize in a vacuum but there are silicone
compound with reactive hydroxyl group that can be tied

in to the polymer.

Any blowing agent when trapped in a closed cell cam
diffuse through the cell walls when exposed to vacuum.
In fact COo generated by the water reaction in foams
will diffuse readily &t atmospheric pressure. An open
cell foam would provide rapid exit for the gas in the

cells.
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3. The Effects of Foam Cell Structure

The desirability of an open cell structure foam for self-evacuating

insul

cell

(1)

ations has been previously explained. To obtain a rigid open

polyurethane foam, two basic approaches were investigated:

Rigidization of open cell flexible polyurethane foam. The
flexible polyurethane foams are characteristically open cell
or reticulated, some having a greater degree of reticulation
than others. For the purpose of this investigation a 100
percent reticulated flexible polyurethane foam manufactured
by the Foam Division of Scott Paper Company was chosen for

the rigidizing experiments. The reticulated structure of

this foam is shown on Figure 20 in comparison with the struc-
ture of a conventional closed cell rigid foam. The reticulated
foam possesses the ideal characteristics of minimal surface
area for outgassing and low impedance to the flow of cryo-
pumped gases. The reticulated foam structure is however

soft and sponge-like due to its basic flexible foam formu-
lation and the elimination of structural rigidity associated
with closed cell foams. The flexibility of the foam is un-
desirable due to excessive deflection when compressively
loaded to one atmosphere pressure. The foam also will stiffem
when exposed to the cold wall of a cryogenic tank. Simul-
taneous occurance of these undesirable features will increase

the insulation density and rate of heat transfer.
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CLOSED OPEN

FIG'RE 20 - OPEN- AND CLOSED-CELL FOAM STRUCTURES
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Several approaches have been made to the problem of rigidi-

zing the reticulated Scott foam.

(a) Scott commercially offers two grades of foam that have
been resin coated to alter either the stiffness or the
chemical characteristics. One type was a polyehtylene
coated 10 pore per inch foam sold under the Skelcoat
trade name and AM 175 foam was a L5 pore per inch foam
coated with a stiff urethane (Adiprene) elastomer.
Although both samples showed a marked increase in stiff-
ness over the original foam, the compressive strength
was still low by rigid foam standards. The density of
the rigidized foam was approximately three tines greater

than untreated foam.

(b) Several samples of reticulated foam from both Scott and
Chemotronics were impregnated at GAC with a moisture
curing urethane varnish PP-1502-E6 by Wyandotte Chemical.
Increased stiffness was obtained with a lower weight
penalty than that of the Scott samples. However the cure
rate was very slow since it was dependent or moisture

in the air.
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(2)

(¢) The third approach to rigidizing flexible foam was
illustrated on samples supplied by Mobay Chemical.

On these a rigid foam formulation was prepared without
blowing agent and diluted with ketone solvents to im-
pregnate a flexible foam. Of the three methods this
appeared to be the most efficient but still was not

equivalent to a rigid foam in compression strength

on an equal weight basis.

Considering the factors of increased density and relatively
high flexibility after rigidization, further efforts +to
rigidize flexible foams were curtailed in favor of more

promising efforts of obtaining rigid foams with open cells.

Fabrication of rigid polyurethane foams having a high per-

centage of open cells.

A vendor survey was conducted to obtain a source of rigid

polyurethane foam having the desirable open cell configura-
tion. Response was limited to two vendors due to the unusual
nature of the requested foam. Vendors supplying samples were
the Carwin Chemical Division of the Upjohn Company and the
Mobay Chemical Company. Both vendors supplied rigic foams
with greater than 90 percent open cells which were open by
virtue of ruptured cell walls rather than the completely

removed cell walls of reticulated foam.
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As noted earlier in this report, the outgassing tests

showed the open cell rigid foams to lose weight faster than
closed cell foam. This desirable feature is attributed to
the ruptured ecell walls allowing rapid escape of gasses with-

in the cells.

The Mobay Chemical Company open cell rigid foams exhibited
better mechanical properties than the Carwin Company foam.
The formulation for the Mobay Company foam was basically a
rigid foam formulation which achieved the open or ruptured
cell walls by the introduction of a controlled amount of
aluminum flake with little deleterious effect on the mechani-
cal properties of the foam. The Carwin foam formulation was
proprietary and without this formulation it can only be
conjectured that the open cell wall was achieved by a
chemical adjustment of the foam formulation which created

a weak and more fragile foam. The Carwin foam was difficult
to cut into thin slices whereas the Mobay foams were cut
into thin slices as readily as conventional rigid closed
cell foam. The Mobay foam formulations for samples received

are as follows:
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Mondur MR Isocyanate

The choice

aluminum are very important in preparing an open cell foam

which will not collapse.

better of the two largely because of better molding character-

istics.

k. Compression Characteristics

The compression characteristics of candidate foam material in

slices form were evaluated on test specimens comprised of alter-
nating layers of .020" thick foam slices and 1/4 mil aluminized
Mylar.
mately .350" total thickness of ten layers of foam and nine layers

of Mylar.

(1) Place multi layer sample in the holding cage of an open

Test procedure:

mouthed container mounted on load cell of 10,0004 Instron

Universal Testing machine as shown on Figure 21.

of stabilizer, level of stabilizer and level of

The PeP 450 system (10775L-7) is the

The test samples measures 2" x 2" in area and were approxi-

_ pate _ June 25, 1965 GOODYEAR AEROSPACE FAGE 52
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Sample No. 10775L-3 10775417
Parts by Parts
Matl Designation weight Matl Designation by weigh{]
DMG 1460 Polyol 100,0 PeP ;50 Polyal 100,0
F-11 Blowing Agent 30.0 F11 Blowing Agent 30.0
1-5320 Stabiliger 2.0 1530 Stabilizer 2.0
TMBDA Catalyst 1.5 TMBDA Catalyst 1.5
#4222 Aluminum Cell 0.5 #1,22 Aluminum Cell 1.0
Opener Opener
115.0 Mondur MR Isocyanate 136.0
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(2) With the specimen at room temperature, at a crosshead speed
of .10" per minute, apply compression load on sample to 15 psi
(60# total load) and return to O psi. Record load, deflection

and recovery data onstrip chart,

(3) Allow five minute recovery of specimen at zero load at room

temperature. Repeat load cycle as described in (2).

(k) Repeat operation (3) for third room temperature compression

test.

(5) Allow five minute recovery of specimen at zero load at room
temperature. Fill container with LNo and keep specimen
immersed for 10 minutes before applying compressive load.
With specimen immersed in IN2 apply compression load cycle
as described in (2). Allow specimen to warm up to room tem-

perature overnight.
(6) Repeat operation (2) for fourth room temperature cycle.

The following foams were evaluated hy the technique described
above:
GAC white 2 pcf rigid polyurethane
Mobay Chemical #10775L-7 open cell rigid polyurethane
Mobay Chemical #10775L-3 open cell rigid polyurethane
U. S. Gypsum "Zero Cell™ 1.7 pecf rigid polyurethane

Carwin Chemical #TS 1080 open cell rigid polyurethane
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Test specimen thickness as a function of load is tabulated in
Table V. Typical load-deflection curves for room temperature
and -3209F tests are shown on Figures 22 and 23. An ultimate
compression load-deflection curve for Mobay 10775L4-7 foam is

shown on Figure 2.

Conclusions derived from the compression tests of foam-film

composites are:

(1) At room temperature and at -320°F all specimens exhibited
elastic recovery after release of 15 psi compressive load.

(Figures 22 and 23).

(2) The modulus of the specimens increases with decrease in

temperature (Figure 23).

(3) Closed cell foams are more rigid than open cell foams

(Figure 22),

(L) Of the open cell foams tested, the Mobay Chemical #107754-T7
is structurally superior and has 50 percent less deflection

than the Carwin Chemical foam at 15 psi.

(5) The ultimate compression test of Mobay #10775h-7 foam at
o
-320 F showed a yield point at approximately 32 psi (See
Figure 2l4). This value is slightly greater than twice the

maximum pressure on self evacuating insulation panels.,
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TABLE ¥

COMPRESSION TEST VALUES - 2% x 2" FOAM AND

FIIM COMPOSITE SPECIMENS

Test Specimen Thickness

Type Foam PSI RT #1 | RT #2 ¢y RI#3 § -320°F } RIFL
GAC 0.5 1419 .353 <34k .338 .360
1.0 «393 «339 330 .325 .3u6

2.0 .365 .323 «315 .312 .328

5.0 .328 .301 .295 «293 +303

10.0 «297 .282 277 279 .281

15.0 272 267 «265 270 .265

10.0 277 272 .270 276 .270

5.0 .286 281 .278 287 .278

2.0 .300 «294 .291 .302 .291

1.0 «314 <306 .302 W31l .302

0.5 .329 .318 31U 329 313

Mobay 0.5 .315 «297 0292 .278 .301
#10775L-17 1.0 301 .286 .281 .270 .291
2.0 .286 272 . 269 .260 2717

5.0 .263 «253 .250 .26 «257

10.0 243 $237 .235 234 .237

15.0 .226 .225 .22 .226 222

10.0 0232 .230 $229 .232 .227

5.0 22Ul 0239 .238 2Ll .236

2.0 +255 .253 »251 253 .2L9

1.0 . 267 .26l .263 0262 #260

0.5 .278 276 276 .270 . 269

Mobay 0.5 3hh .301 290 287 .306
#107754-3 1.0 .320 .283 .275 271 .288
2.0 2293 .265 .258 255 .268

5.0 .259 242 .238 .236 L2l

10.0 .232 .223 .221 .220 .223

15.0 .212 211 #209 211 .207

10.0 .217 216 .215 217 .212

5.0 2227 .225 .22 #2228 221

2.0 .20 .239 .238 .2L3 .23k

1.0 «255 .251 .250 .256 .2U5

0.5 .270 .265 262 .270 255
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TABLE V (CONT.)
— Test Specimen Thickness

Tvpe Foam PSI RT #1 ; RT #2 | RT #3 ¢ -320°F y RT #L

U. S. Gypsum 0.5 .362 .310 .300 291 .320

Zero Cell 1.0 .340 .29 .283 .280 .305

2.0 321 276 .265 .263 .287

5.0 «290 .2h6 0237 .237 .255

10.0 .251 .218 .212 .217 .221

15.0 .201 197 .195 .20L 197

10.0 .208 »205 .202 .213 .205

5.0 .222 .218 .215 .229 .218

2.0 242 »237 .23 249 .237

1.0 .260 .255 .250 .265 .255

0.5 .278 .270 270 277 .270

Carwin 0.5 90 .396 372 .350 .370

TS 1080 1.0 L70 379 .355 .338 .350

2.0 L5 .355 +329 .321 .323

5.0 .09 .312 «290 .29 .290

10.0 «352 275 .261 .268 .267

15.0 <259 .26 240 .252 .2L9

10,0 . 264 $252 .2L6 .260 .253

5.0 277 260 «257 276 .263

2.0 «299 .285 277 .300 279

1.0 .321 «305 «297 .317 +296

0.5 345 .327 .318 .330 315
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C. Vapor Barrier Materials and Fabrication Techniques Investigation

1.

Permeability Characteristics

To avoid duplication of effort and divert funds to other im-
portant areas of the contract, the task of conducting helium
gas permeability tests on candidate vapor barrier materials
was deferred by mutual agreement between NASA and GAC techni-
cal representatives., The vapor barrier helium permeability
data generated by GAC during the development of a flexible
vacuum jacket under NASA Contract NAS 8-11376 has provided
sufficient test data to permit the selection of an improved
vapor barrier material. The maximum allowable helium per=-
meability rate for qualification of the vacuum jacket is

2.2 x 10710

cc helium per second per square inch at standard
atmosphere pressure and temperature. On the basis of over

240 helium permeability tests, the following vapor barrier

material selections are made in decending order of preference:

(1) MAAM (Mylar-aluminum-aluminum-Mylar) type 34321 by the
Dobeckmun Company.

(2) MAMAM (Mylar-al.-Mylar-Al.-Mylar) type 34322 by the
Dobeckmun Company.

(3) MLM (Mylar-lead-Mylar) X283 by G. T. Schjeldahl Company.
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Permeability and weight data for these vapor barrier materials
is presented in Table VI, Also given are these data for MAM
vapor barrier material used on the lightweight sealed foam

Centaur insulation.

The helium permeability characteristics of vapor barrier material
seams was conducted on a specially constructed test fixture de-
signed to present the edge of & seam to the flow of helium gas

into a mass spectrometer apparatus as shown on Figures 25 and

26,

Helium permeability values for two adhesives are presented in

Table VII.

TABLE VII - VAPOR BARRIER ADHESIVE SEAM HILIUM

PERMEABILITY
Vapor Eelium Perme.
Barrier Adhesive Cure cc/sec /atmosphere
MAAM G-207 Heat sealed by 1.2 x 1077 %

275°F Hand Iron

MAAM Apidrene 1100/ Minimum 16 hours at 1 x 10710 x
Mocha room temperature

#*These values for 3" length of seam
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It may be concluded from the seam leak tests that vapor
barrier seams properly made with either heat sealed G-207
polyester adhesive or room temperature cured Adiprene L-100/
Mocha polyurethane adhesive will have a per linear inch helium
leak rate equivalent to or lower than the vapor barrier film
leak rate per square inch. With doubler strips added to the
vapor barrier seam, an order of magnitude reduction of seam

permeability is expected.

Outgassing Characteristics

The outgassing characteristics of the Mylar surface of MAAM
vapor barrier material was evaluated by weight loss measurements
conducted in the automatic recording vacuum balance shown in

Figure 12. The test procedure is as follows:

(1) Nine strips 2% x 8" were cut from a MAAM sheet and surface
cleaned with MEK solvent wipe.

(2) After the MEK wipe flashed off, strips were hung in the
specimen chamber of the vacuum balance. The balance was
monitored for approximately two hours until no weight loss
was observed at ambient pressure indicating evaporation of
all solvent volatiles prior to evacuation cycle.

(3) Record "in air" weight, time temperature chart on.
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(4) Reduce pressure by roughing to 500 microns for 1 hour.

(5) Reduce pressure to 10 microns - 1 hour#.

g (6) Reduce pressure to 5 x 10~ run 1 hour (including approach
time )},

(7) Reduce pressure to 1 x lO’h, run .5 hour or 1 hour.

: (8) Reduce pressure to 5 x 107>, " " " n .
(9) Reduce pressure to 1 x 10-5, *® u " n .
(10) Reduce pressure to 5 x 10-6, " " " .

(11) Reduce pressure to ultimate and run overnight.
(12) Record data and secure test.
(13) Backfill with dry Nitrogen and record final "in air" weight.

‘ #Pressure may be reduced when slope of weight loss curve reaches
10 percent.

Test results are shown on Figure 27. No significant weight loss
is observed after the 10 micron pressure range therefore it may
be concluded that MAAM vapor barrier material does not outgas

appreciably at lO'h to lO-6 Torr pressure range.

The outgassing characteristics of vapor barrier material seams
were evaluated by weight loss measurements conducted in the

automatic vacuum balance by the same techniques described

ENGINEERING PROCEDURE 5-017

above for vapor barrier materials. Two seam test samples were

E-ID-18(7-6L) (JR-218)
REF:

fabricated as shown in Figure 28. This sample configuration
will expose to the vacuum balance test chamber an arez of

adhesive seam per unit length of seam identical to an eguivalent

L)
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length of vapor barrier seam presented to the vacuum environ-
ment of a self evacuated insulation panel, The exterior sur-
faces of the samples were cleaned by MEK solvent wipe and

thoroughly dried before testing.

MAAM
f /
o)
l—(—‘75-" - FoLp MAAM
l25* —\— 6-207 ADHESIVE

FIGURE 28 - VAPOR BARRIER SEAM OUTGASSING SAMPLE

Sample #1 was prepared by allowing the G-207 adhesive to air
dry approximately one hour at room temperature prior to heat
sealing the folded MAAM material with a 275°F hand iron.
Sample #2 was prepared by oven drying the G-207 adhesive at
120°F for two hours prior to heat sealing the folded MAAM

material with a 275°F hand iron.
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A comparison of weight loss (outgassing) versus pressure for

both types of seams is shown on Figures 29 and 30.

The following conclusions are derived from the seam outgassing

evaluation:

(1) The MAAM vapor barrier seams joined with G-207 adhesive
processed with a 120°F oven dry cycle before heat sealing
will appreciably reduce the amount of volatiles outgassed

to the evacuated insulation,

(2) Very little outgassing of G-207 adhesive seams occurs im

the 1074 to 10-6 range on both types of seams.
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