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1. INTRODUCTION

This report covers research performed dering the first year undar
contract NAS 8-11322 for "An Investigation of the Effects of Mechanical
Stress on the Psrmeability of Engineering Materiala to Liguid Hydrogen
and Other Propellants Used in Launch Vehicles.®

The principal objectives of the past year'!s effort have included the
design, development, and qualification of spparatus and procedures for
the measurement of permeadbility rates of fluids through stressed materials.
Twelve materiale (tea plastics snd two mstals) ware selactsd by the sponsor-
ing agency for initial investigation. Thres bazic places of peruesbiiity
apparatus have bean developed for the varicu2 permsating rluids. Thaese
fluids include liquid hydrogen, iiquid nifrogen, liwuid oxygen, moncmethyl-
hydrasine, and nitrogen tetrexide. In addiiion ¢ permsation teats, the
previously mentioned twslve materizls have bean charactarized in tems of
their mechanical properties at room and liquid nitrogen temperature; as
well as in terms of their compatibility with the permeating fluids, par-
ticularly with monomethylhwdrasine. Whiie metal diasphragms wera subjected
to major fractions of their tiaxial yield stress duriiig testing, polymeric
materials -- dus to their low yield strength and broad plastic range --
were stressed in excess of their yield strength.

The sensitivity of the apparatus and instrumentation, depending upon
the fluid under cor.ideration, permits the measurement of pemeation rates

in the raage of approximately 10710 15 10717

spu.* This range may be
broadened by altering disphragm configuration, instrumentation, and/or test

procecures.

> One permeability unit (SPU} ° Jsf 1ed as tha number of cubic centimeters
of gas at STP {0*C, 1 atmos.) passiry through one square centimeter of
material, one centimeter thick, under a pressure gradient of one centimeter

Hg (10 torr) in one aecond. 10



Preliminary permeability screening of all polymeric materiais together
with chemical compatibility tests have s2liminated mary of the matsrials {rom
further testing, anrd precluds their use as bladder materials or in fiuid
containers. Lack of compatibility with monomethylhydrazine, hign imperfece
tion count, and poor properties at cryogenic tempsrature ware found 10 be
camon to many cf the film polymers,

An intensive schedule of permeability tests for the second year of
research inciudes primarily reinforced composites, laminates, honeycomb
structures, and adhesive bords. The numbaer of permesating agents has heen
reduced to four with the eliminsticu >f nitrogen tetroxide.

No basic changes in apparatus or procedures are contamplated in

futures tests,



2. LITEBATURE SURVEY
2.1 Qeneral Considerations

It is well knowm that gases cen permeate most solid and celloidal
membranes, Essentially, the mass transfer of a gas from one surfzce of a
membrane to the cther involvea the foliowing steps:

a. Adsorption on the barziar surfacs

b. Solution in the membrans

r, Diffusion

d. Diseolution

e. Evaporation at the opposite surface

5sny one of the phenomena snumerated sbove may bs rate comtrolling in
permeation. However, when {cj above is the rate-conirelling factor, the
permeation phenamenon can be treated by Fick'!s i.aw for undimensional dif-

fusicn, where

J = -D_§_§ &)

and Henry's Law for solubility which states that
S = kp (2}
where S ~ solubility
k - solubility constant
p - gas pressure
¢ - concentration within the membrane

L - diffusion constant

3¢ - concentrztion gradient

12



If D is irdependent of cancentration, for the stationary state, then

) 2. b . 52 (3)

where 8 is the thickness of the membrane. Cambining equations (3) and (1),

gives the relaticr<hip
J = -7 58p/s or -Dep P (L)

and since P = DS, i¢ iocllows that Steady state permeability i3 a funciion
of the pressure ¢iffsrancs, the area, and the thickness sf the membrans,

The above treatmont is basically apnlicable in case of amorphous
polymera in which the gas transport is diffusicn-controlled. RBowever,
certain rsectors, paysical and chemical, have tc be taken into atcount which
determins k and D,

2.2 Factors Affecting Permoability of Gases Through Polymers

2.2.1 Tamperature
Barrerl has exsamined the effect of temperaiure (0 to 65°C) on the
permeability and diffusivity of gases through numerous pclymeric materials

using the standard Arrhenius type of equations

A = A sxp "{%‘) (5)

whare A - diffusivity, or permsability

&
[

activation snergy fo: the process
B . gas constant

and T - znsuluytz temparature

1



Solubility of a gas in a polymer such as polyethylens has al3o been

shown to be tempurature dependent and can he exprussed as

AH
$ =k, em( - fF) (6)

where k o ia a constant and AH is the apparent heat of solntion.2

It should,
however, be mentioned that permeability P is more temperature dependent thua
solubility.

2.2,2 Crystallinity

The degzes of crystallinity in polymers is perhsps the most important
factor which determines permeabiiity, In a completely amorphous peliymer,
permeation is a simple diffusion-controlled process. However, the flow
process is more camplicated in a micro-crystsiline polymer such a3 poly-
ethylsae. It Lias Deen scztablished that diffasivity and solubility decrease
as the degree of crystailinity increases, suggesting thah solubiiity of
geses in the crystallites is negiigihle, Michasls and Parker3 proposs that
the polymer structure :ay -s thought of &3 consisting of crystallites
randomly distributed in an amorphous phase, Impecance to permeation is then
dependent upon the geometry and orientation of the impermeable (crystalline)
phese. The permeating gas molecules have to, of necessity, bypass crystai-
lites and diffuse through amorphous region of the peolymer., Thus crystal-
lites tend to reduce the chain mobility and increase the enargy barrier for

¢iffusicn, Physically, the above phenamenon can be cxplained by the follow-

ing eac;zza.t’.i.am‘3

D= D&/‘l’ (7)



share D. is the diffusion constant in a completely amorphous polymer
ta.ke prlyuthylens), and v is the tortuosity factor. Hence, permeability,
diffumivity sd sulubility are related by

D

r-na-;-! LK) (8)

and S = 38 X

where X_ is the amorphous volume fraoction of the polymer and subscript (a)
refers to the amorphous phass.

Other factors that affect polymer permeability include pressure, the
size and shape of the diffusing gas spscies and composition of the gaseous
medium., For example, pressures of up to several atmospheres usually have
little effect on permeability, diffusivity or solubility. However, it has
been reportedh that the “peimeability at low temperatures is lower than at
high temperatures at low partial pressures but at higher pressures the order
is reversed. At each pressure there is a temperature at which the permea-
bility is a minimum.® See figure 1.

As already mentioned, the rate at which a gas parmeates in a poly-
meric material is dependent vpon the size of the mclecular diameter of
the gas. Thus, Van Amtarogen5 has showm that helium with a diameter cf
1.9 :\will diffuse faster than h:<irogen which has a diameter of 2.4 1.

In a mixture of gases, each gas will act individually depending upon the

partial pressure of each component gas,
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Figure 1,

Variation of P, D, and S with Temperature
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2.2.3 Bffect of Stress on Permeability

The role of stress in permeability has thus far received little
experimental attention. Though permeability appears to increase with
stress, the relative contribution to permeation by extended pores and
"true®" increase in permeability is not knowm.

Barrer6 congsidered the problem from a theoretical point of view, based
on a simplified model. He calculated the effect of elastic displacement,
i.e., elastic strain, upen the potential energy barrier for diffusion in a
simple two-dimensional square methane lattice. The results show that the
effect of elastic strains is to reduce the activation energy for diffusion
considerably. It may be noted that the effect of the heats of solution are
very small, and heace are neglected.

2.2.4 Effect of Polymer Composition on Permeability

The composition of the polymer it:self has been shown to be a very
prominent factor affecting permeability. Thus, in a simple hydrocarbon
polymer such as polyethylene, its structure uniquely determines its
permeability to gaseous mediums. When other atoms are introduce.. into the
chain siructure, diffusivity (D) and solubility (S) change appreciably. As
a result, permeability (P) which is a product of D and S is also affected.
For example, addition of one chlorine atom per ethylene unit reduces D and
P. Successive additions of chiorine atoms to the polyvinyl chloride chain
greatly reduce the permeability and hence, vinylidene chloride and viny-

lidene-acryonitrile copolymers (Saran) have the lowest pemeabilities.7

17



Toth and B:mbere megsured hydrogen and nitrogen permeabilitiss in
pol.ymers such as Tedlar, Mylar, etc., and in electrodeposited silver and
nickel. As expected, the permeability values of the polymers were wmuch
higher than thoss of the mstals (see table 1).

2.3 Review of Exserimental Data

Though the process of permeation has been studied since as sarly as
18€6, the experimental methods used today to measure diffusion of gases
through solids and membranes are basically unchanged. For example, a
rigidly-supported membrane is brougki into contact with the diffusing
gaseous material., The chamber or vessel on cne side of the membrane is
evacuated so that the pressure is almost zero, or very small, compared to
the gas pressure on the other side of the membrane. The rise in pressure
in the evacuated chamber may be measured by a MclLeod gauge as a function
of time which, in turn, is a measure of permeabllity.

The conventional method of megsuring permesbility is due to Barre::':L -—
the so-called "Time Lag" method. (See figure 2.) The pressure rise on
the low pressure side is measured as a function of time. By this method,

it is possible to determine D directly, using the following equations

p2  ° h?
L = - (9)
) MDe.
%
whers h - the thickness of the membrane
L - time lag

For a detailed description and derivation ¢f this equation see reference 9.

18



Tabie 1. Unstressed Room Temperature Permsability of Selected Materials

(Taken from Toth) 8

Membrane Permeability P* x 10"9 at STP
Material Thickness, Hydrogen Gas ~Nitrogen Gas
¥ylar A 2 8.6 1.1
13.0 1.6
Seilon UR 29E 5 £0.0 Tl
Polyurethane 54.0 9,0
Tedlar 2 507 3-8
BG-30-WH 6.9 2.7
H Film 1 23.0 1.0
2h.0 1.4
Electrodeposited 1C less than 0,04 less than0.04
Silver
Electrodeposited 7 less than 0.03 less than 0.03
Nickel

*F in wnits of cm3/sec er? cm

o Manufactured by duPont
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Figure 2,

INCREASE !N PRESSURE

Establishment of a Steady State in Diffusion Through a Membrane,
Time Lag Defined bv 1.
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ice permeation is a highly sensitive process, care must be exercised
in measuring the thickness anu density of the test material. In the case
of polymers, these measurements and previous fabrication history assume
vital importance.

Permeability and diffusion characteristics of literally hundreds of
polymers and metals have been studied. The purpose of this section is to
present, in a concise fashion, some of the more important data obtained by
various investigators in this field.

Bar::-erl determined permeability constants P of numerous polymer-gas
systems in a limited {2 to 65°C) temperature range. Typical values of P
are presented in table 2, He also obtzined temperature coefficients or

permeability as defined by the equation
- -Q
P P, exp ( m ) (see table 3) (10)

It may be notad that activation energies for the diffusion in organic
membranes sre comparatively low and lie in the range of 6 to 12 k cal/mose.
Due to its importance in the packaging industry, the permeability

of polyethylene has been a subject of many investigations. Generally
speaking, the permeation of gases through polyethylene has been related

to the volume fraction of crystalline material by measurement of polymer
10 11 12

density. However, the mechanism of flow of gases is not known

precisely. In addition, it is quite difficult to reconcile data generated
by different 1’.mr<»>s*l’.:i.gatoz's.]'3
Harvey Alter,lb from results of previous investigators and his own

experiments, found that the density of a polyethylene material is sensi-

tive to its thermal and processing history. Thus, it is possible that a

21



Table 2. Permeability Constant P* for Various Gas-Polymer Systems
(Taken from Barrerl and Jost9)

System Temp..c P x 106
He - Neoprene (vulcanized and with filters) 0 0.0022
He - Neoprene (raw, unvuicanized) 21.6 0.0039
H, - Polystyrene - Sutadiene polymer 19.9 0,008l
H2 - Butadiene - methyl methacrylate 20.0 0.023
H,, - Neoprene (vulcanized commercial 17.5 0.0085

© polychloroprene)

N, - Neoprene 27.1 0.0a137
N2 - Butadiene methyl methacrylate polymer 2.2 0.0028
N2 - Polystyrene - butadiene polymer 20,0 0,0029

P in units of cc/sec/cmz/m/cm Hg

22



Table 3. Heats of Activation, Q, of Permeability Constant (in cal/mole)
for Various Polymers (Taken from Barrerd and Jost?)

—

Membrane Q (cai/mole) He H, N,
Rubber {vulcanized) 6300 6000 -
Rubber (unvulcanized) 6400 6500 -
Neoprene (vulcanized) 8000 8300 10,500
Butadiene acrylonitrite - 8200 2,800
Butadiene methyl methacryiate - - 9,50
Butadiene polystyrene - - 7,900
Chloroprena - 8300 -

23



3ingle sample of the polymer may havs varying densities, depending upon
the rate of crystallisation. In the course of this work, the density of
each specimen was measured individus’ly before experimentation., Data

obtained by Harvey Alter and other workers® 1 12 1k 15

are presented in
figure 3, for comparison.

The effect of temperature and molecular diameter of gases on permeation
and diffusion was investigated by Waack et al.t® It was found that for all
the polymers tested, permeability increased in the order Nz, 02, 0.02, indi-
cating that pemmeablility increasses with decreasing molecular diameter. In addi-
tion, permestion and; hence, diffusivity increass with increasing temperature.

Saveral polymeric films were evaiuated for hydrogen permeability in
the temperature range of =100 to 200°F (table h).}7 It is readily seen
that permeability decrecases rapidiy with temperature in every case., Fig-
ures L4, 5, and 6 are the plots of permeability versus the reciprocal of
temperature obtained by using the Arrhenius equation. Hote that this
relationship is valid in all cases over a part of the tamperature range
with the exception of Teflon for which the curve is non-linear. Evidently,
the mechanism of permeaticn undergoes a change at the temperature at which
the ncnlinearity is observed. An attempt to correlate this temperature with
the glass transition tamperature proved unsuccessful,

As in the case of hydrogen gas, oxygen and nitrogen permeability also

reduce drastically with temperaturs, as shown in figure 7.18

Extrapolating
the curve into the cryogenic range, the permeability would decrease further

but at a much slowsr rate,
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PERMEABILITY,
cc. (STP) - cm%/cm? - smc. cm Hg X 1010
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A Comparison of Reported Permeabilities of Nz—Polyemylene
Syastem: at 25°C
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Table L. Hydrogan Permeability Values at Selected Temperatures

Permeability std cc cm x 1072
sec cnz ox Bg
Yaterial 200°F 150°F 100°F S0°F O°F  -50°F  -100°F
H-Film - 58 29.0 140 5.k 1.7 0.17
Mylar so 23 9.k 3.4 Q9T 0.5 -
Tedlar 100 36 9.6 2,1 0.32 - -
Pulyethylens - - 97.0 25.0  hL.7 0.75 0.05
Kel-F (Kx8105) 170 66 19.0 5.0 0.96 - -
Teflon FEP - 300 135.0 52,0 140 2.4 2.15
Kel-F (Kx8205) 172 a 19.0 5.2 1.1 0.13 -
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Permeation of gases through metals has been studied extensively.g 20

Cf particular interest is the work of J. X. Gorman and W. R. I\'arde_LlaZI
vho measured permeation rates U™ of hydrogen through several
metals of interest commonly used for vacuum envelopes (i.e., nickel, OFHC
copper, Kovar, stainless steel, Monel, Inconel, etc.). The results of this
investigation (see table 5) indicates that the permeation process is
strongly temperature-dependent. The low valus of copper (-37 x 10'2) at
1000°K is probably related to its comparatively low hydrogen solubility.

It may be noted thal the value of U for stainless steel is much lower than
iron and cold drawn steel probably because of the presence of chromium in

the former alloys.zl
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Table 5. Hydrogen Permeation Through Metals

U at 27°C U at h27°C
Sanple 1000°K _200°K) _
Nickel 3.32 19.1
Copper 0437 0sTh
Kovar 0,55 1,75
Stainless Steel, 303 0.60 1.80
Stainless Steel, 304 C.58 1.8
Iron L.17 68.70
Col.d-drawn Steel 3.70 57+
Monel 1.77 11.0

Inconel 1,20 3.26



3. TEST APPARATUS

3.1 Cryogenic Chambers

A schematic diagram of the two systems fabricated is shown in figure
8. The nitrogsn-oxygen and hydrogen systems differ principally in the
design of the dewar chamber, the former being the one-stage type and the
latter being the two-stage types
The fluid chambers have been designed for O to 300 psig operation, The
high pressure is to ensure the attainmeni of near yield stresses in the
metal diaphragm specimens.

3.1.1 Liquid Hydrogen System

The hydrogen syztem (figure 9) and its control console (figure 10)
ar: housed in a remote building (figure 11) designed and constructed espe=
<1ally for this purpose. The test cell housing the apparatus is fire- and
explosion-proof and essentially all operations (while the system is charged
with fluiu) may be performed remotely, The control console and all recording

instruments are ceparated from the IH, system by the test cell iall,

2
3.1.2 Liquid Nitrogen System

The nitrogen system is shown in figure 12, This system is located in
the remote permeability test facility on the outside wall of the operation's
area, T1is8 location was chosen to concentrate all test equipment in one
location wherein explosion and fire are not a problem, To facilitate
construction, manual valves were installe’ for all control and operations.

342 Room Temperature Chamber

The room temperature chamber for permeability studies of monomethyl-

hydrazine and nitrogen tetroxide .s illustrated in figurea 13 and 1l,
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Figure 12, LN, Permeability Apparatus
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This chamber differs from the cfyogenic chambers in that the dewar jacketing
is eliminated. The test fluids are charged by pressurizing +the supply sources
and are drained by gravity. Upon removal of the test £lnid, the system may
be flushed with either a Freon MF qolvent or acetone which may ve followed
by gaseous nitrogen andfor Freon 12 purging and evacuation.

For safety, the gystem is located in the test cell of the remote
permeabi]:i.ty.test facility. The MMH supply is located outside the building

on the concrete platform and the Néoh gupply, in the test cell.

3+3- Vacuum System

The vacuum system, shown schematically in figure 15, consists of a
set of bakeable sorption pumps, a 300-1/sec ion pump with internal heaters,
a hand operated 6~inch ultrahigh vacuum gate velve, a Granville Philips valve,
a bakeable dutchman accomiodating an lonization gauge, residual gas analyzer,
end a twelve terminal feédthrough (for thermocouple and strain gauged ).
The systexp is porhable through the use of a hydraulic ].ift and sexrves all
three permeability test chambers, '

Sorption and ion pumping was selected in order to elﬁningte possible
interference with mass spectrometer readings due to ‘breakdowﬁ of pumping
fluids, A small mechanical pump is used for preliminary system evacuation
during startup after specimen che_.nges or test chamber moves,

3.4 Diaphragm Mounting Fixtures

3.h41. Metal Diaphragm

The design of the metal diaphragm ching fixtures and high vacuum

seal is illustra’oed in figure 16, Aluminum O-rings wsre used for both the
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seal to the vacuum system and the diaphragm seal, as shown. The low vacuum
seal between the diaphragm clamping fixture and the wal. of the test chamber
wag accomplished by using a gasket made of reinforced Teflon.

3.ie2 Polymeric Diaphragm

The design of the polymeric diaphragm clamping; fixture is illustrated
in figuresl7 and 18, Essentiglly, the polymeric filr material is sandwiched
between the two componcnté—of the clqnping fixture. Drilled through the
supporjt_, are twenty-six l/li=inch holes. Mating 1101§S are provided in the
clamping plate for pressurization.

The high vacuum seal is achieved by compressing the pOhnnefic _
material approximately 75% by using a thin metal ring between the clamping
plate and the polymeric specimen. (See section 5 .2;5 for seal development
details,) The uniform metsl ring, 1l-mil thickness by 35-mil width by .
5.5-inch diametgr, was & previcusly compressed 25-mil wire diameter
aluminum Q-ring,

35  Experimentsl Procedure

The testing procedure usod in the program consisted, first, of in-
stalling the diaphragm specimen in the diaphragm .:lamping fixture. The
vacuum system, specimen holder, and test chsmber were then assembled. The

system below the spscimen was evacuated to & pressure in the 19"7 to :!.0"8

torr range by means of sorp'bion and ion pumping.

Aftver initial pumpdown, the background vacnum and regidual gas cone
stituents were monitored and recorded. Nitrogen gas andfor Freon 12 gas
wag then applied to the upper side of the test specimen at predetermined

pressure levels to check the high vacwum seal and the system residual gas
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background over the Approximate pressure range to be tested with the test
flnid. Both the mass spectrometer and ionization gangeswere used in ‘their
nost sensitive range, Peak height changes and pressure rise in thé dutchman
(with the é~inch gate valve closed) wers the indicators used o ascertain
the degree of permeation, if any.

After completion of background monitoring and seal check, the sys‘en
was filled with the test flnid. The two amounte of fluid utilized in each
single test included 3 liters of MM or N,0,: 6 to 13 liters of INy, or
approximately 10 _];i.ters of IH2. Prgdetemined test fluid overpressuves
were then spplied. Again, peak height chaenges (in some cases aﬁpearance)
and pressure rise in the dutchman (rith the 6-inch gate valve closed) were
the indicators used to ascertain the{ degree of permeation, if any,

366  System Calibration

Calibration of the residual gas snalyzer sensitivity was accomplished
vring a calibrated® N , lesk. By using controlled holdup times of the jmown
dedk, distinct recorder output trace discontinaity is obsem;ved. A typical
curve for a 10-gecond holdup period is reproduced as figure 19. The
nunber of chart units represented by the discontinuity was correlated to
the holdup time. (See figure 20,) It should be noted that the initial
condition of the surfaces within the system apparently affect the
sengitivity. That is, with repeated test runs, the discontinuity height
tends to seek a J.ay:er level a._fter long-time system pump out. From quowl-

edge of the known leak rate, 2 x 10~7 cc/sec at STP, the sensitivity was

#Calibration traceable to NBS
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calculated for the probable lower limit of the data presented in figure 20,

3.7 Technique for ileasuring Deflection of Folymer Diaphragms in

Permeability Apparatus

Some of }bhe polymexric materials to he evaluated for this prosram are
very ductile in comparison with metals, cven at eryogenic temperatures.
Strain measurement of materials which elongate more than L or 5% at ~320°F
or lower are somewhat problematic, particularly when high vacuum require=
ments have to be satisfied. A detailed survey indicated that ﬁo strain gauges
dre available which reliably measure high elcngations at low temperatures
in ultrahigh vacuum,

As a result, optical measurement was selected. However, the location
of the diaphragm in the system and the surrounding cryogenic dewar chamber
meke it almost impossible to view it directly. Consequently, the method
described below was selected. |

Research in optics during the past few yearc has resulted in a new
ins‘brlnne.n'l;, called a fiberscope. It operates on the following basie
principles:

2 an;aoth i‘ilé\ments or fibers of transparent materials, such as glass,
conduct light efficiently by total internal reflections.

be Individual fikers in a cluster or bundle conduct this light
independently.

The fiberscope itself consists of aligned f£lexible bundles of single
or multiple glags or quartz fibers (about 25-microns diameter-) fitted with
suitable lenses at either end, and these tranfer imaées along flexible paths,.

Fiberscopes are available in lengths up to l; meters and, depending upon
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requirement, mey be sheathed in flexible or semi-»rigid envelepes ¢

i

' The upper dutchmen of the vacuum syst‘"‘f h&-,.; :ueen modified to

provide a glass window in the manner shown :Ln i.,, ‘ e‘ki.\ A nylon thread
wag attached to the diaphragm center. As the diaphragiﬁ’i;;s stressed, the
thread deflects vertically déwnward. A marker on the throed facilitates
monitoring this mwement when viewed through the i‘lberacope. Thus » actual
deflecnon of the diaphragm ca.n be monitored,

The fiberscope used in this program has a field of view l=inch in
diameter, Tﬁe focusing distmce;for sharp image is api)roximately 1,75 inch
from the objective leng, Since the fiberscope has a built-in light source,
no illumination inside the chamber is necessary.

The fiberscope was preferred over the simpler telsscopic viewing
becauses .

&, The distance between the lens of the telescope and the object to be
viewed is quite lerge (of the order of 1O feet or more), In the present
setup; where all oﬁerations are performnd remotsly, telescope arranéement is
impractical from the viewpoint of safety and ease of operation,

be Through a emall opening in the bvarricade wall, the fiberacopg may —
be introduced in the optical window for viewing inside the system. Due to its
t‘le:d.bility and small size, the fiberscope may be used on all three sysiems
without time=consuming adjustments
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B. DIAPHBAGE WATERTALS
L Seurce and Histomy .
The seliectiom of materials for evaluatiom was based an the werk state-

mexd of the present contrach, Gensral informatifor regavding each metallic
and: pem-metallic mﬁ@iﬂ*m the "as Vze.m‘m”" cenditiom supplied is pre-
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the sluminne metallized form: &t has Reen usad 3¢ a Hightwesght heat fnsm
M@'mmmmme@mum Itiémﬂaem}mtm-grm

* Matiadiized Hylar Mma&uﬂmmmmmsmxmmm-
Brom Hetliona) HetslRiving Company. ’



Table 6, Machanieal Properties of 202k T8 Aluminmum Alley

[o g
Braperty - BT Temperature F 423
Tield Sivength (pst) LT,000 9ly, Q00
Ultinate Tensile Strength
(pst) 60,000 105,000
Elastic Modulus (pst) = 10° 10,5 12,5

Table 7. Machanical Pruperhies of 30k Stainless Steel (Foll Hard)

Temperature %F

Property . BT =123
Field Strepgth (pst) 140,000 230,000
Uktimate Tensile Streagth

(pst) 185,000 285,000
Elastic Modulus psi x ¢ 2h.2 286



Teble 8,
Available Film Thicknesses:

Tensile (psi)

FER Q.0u0" (50%
crystallinity)

FRP (compression molded)
TFE Q. 125"

Modulus of Elasticity (psi)e

FEP Q.QLC inch

' Thermal.ﬁxpan§i9a<§§}

Taflon (extruded and
snrsaled)

Thermal Conductivity

FEP

Fermeability

TEE™ 00,0100 Inch
FBP®(.0106 inch

Broperties Data on Teflon

Q.0005 to G.QhQ inches

T IN 10, e To
= 20*F =320°F -2§T'F - 7°F
16x10° 155x16° 3x10
195 %100 65x10° 13xw?  36x10]
3,120,000 1,010,000 160,000
-210053073 19002072 o
1,35 Btofie/et%/*Bin
Transmissjon Bate
¢sf300 in%/2l br
Al .50 1%
Density
2.186 gefec 20,0 275.9
2,138 gm/fec 3.0 81.8

*Galeulated from Stresa~Strain Grephbs fe Cryogenic Deta Handbaok,
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plastic material in the temperature range -20°C to 150°C and is noted for its
toughness, flexibility, and low permeability to oxygen, water snd organic
vapors, Below -60°C the material becomes embrittled and its use az a gasket
»oriflead.!:;léliner becomes limited., However, at the lower temperatures the
"mec‘hanical propertiés of Mylar, ass indeed with most plastic mai:erials,
increase and higher modulus of elasticity and strength-;to-weight ratio values
tl';en observed at room teﬁperature are obtained, Some of the daté on Mylar
properties that has heen obtained and is considered pertinent for this report
gre given in table 9.

. Tedlar (Type 200SGLOTR, E.I. DuPontj: One of the unique properties of

i’edlar is low permeability to‘gases, particularly oxygen. It is alse notéd
. for ite guodr_meeilmnicai strex:igth and chemical resistance, Becausg Tedlar
‘ contains nci»“ plasﬁiciaers, it is a film with good aging properties that
re;nain‘s tough and flexible érer a breoad tempgrature range, More than suf-
fieienﬁ information about its raom temperature praoperties is gvailsble and
or hand, Unlike Mylar, the metsllized form of Tedlar® ies used as a hest
iizsulatioh materisl in cryogenic applications but specific cryogenic prop-
erties data is Al&cking. &t prasent, TedJ:ar is available only in thin films,
0.5 to 2,6 mils, although ﬁaree_ surface varistions of Tedlar film are manue-
factured,

Typical engineering praoperties for this material are presented in table

1G. There is a lack of cryogenic data,

# Metzllized Tedlar (1 micron aluminum on 2 mil Type 200SGLOTR Tedlar) was
obtained from Nationsl Metallizing Company.



Table 9. Properties Data on Mylar

Available Thicknesses: 0,00015 to 0,015 inch

Tensile (psi) Lip
« h2o’F
Mylar 4 - 0,003 inch -
0,00k inch
0.010 inch 36.5 x 10°

Modulus of Elasticity (psi)

Mylar - 0,00h inch -
Thermal Expansion (linesr)

Thermal Conductivity

cal/cn/sec/*C
Pemeabﬂity at Room Temperature

¢c/100 sq in, 2k hr/mil

LN
«320°F

bk x 10°
31 x 10°
37 x 103

1,900,000

R, T,
T7°F

21 x 10°
19 x 10°

1,200,000

26 x 10‘6/°F

3.63 x 107%
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Table 10. Properties Data on Tedlar

Property Typical Value
Burst Strength 19 to 70 psi
Moisture Vapor Transmission 157 to 205 g/l()OM2 (hr)(mi1) (53 mm Hg)
Oxygen Permeability 3.2 ¢c/100 8q in 24 hr/mil. |
Hydrogen Permeability 58,1 ¢¢/100 sq in 24 hr/mil
Nitrogep?ermeébﬂity 0.25 cc/100 sq in 24 hr/mil
Tensile Modulus 310 te 250 x 10° psi
’Ultimete Tensile 7.0 to 18,0 x 1(')3 psi

ltimate Yield 6000 to L900 psi

Temperature Range
(continuous use) ~100°F to 225°F
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Nylon-Based Adhesives (FM 2000, Bloomingdale Rubber cor@anz): FM—iOOO, ‘

an unsupported film; is designed for structurai bonding of both sandwich and
all metal constm.;ctiqns’". Cryogenic data on this material is presented in -

table 11.

. Polyurethane ‘Foam ('{‘ﬁa H=602N, Nopco Chemical Company): Nopcofosm
H-602N is a fluorocarbon-blown urethane foam insulation dimensionally stable
at subzero temperatures. The physical properties obtained from Nopco Chemi-
cal Company are presented in table 12,

Silicone Rubber (Raybestos Manhattan Co,): The major suppliers of

silicone rubber, for example, General Electric and Dow Corning, can offer
a variety of grades and thicknesses of sil;cone rubber, From the general
literature, it is lnown that silicone rubber has been used fregquently in
cryogenic engineering applications, particularly as a gasket material, It
retains its toughness and flexibility over a wide temperature range: -150°F
tc 500°F and retains its rubber—like' properties in environments where natural
rubbers fail, Some general data obt#ined from commercial sources are given
in table 13, |

Polyethylene (E.I, DuPont): A4s a family, the polyethylene resins have

many outstanding pr'opertiea.* They exhibit good chemical resistance to most
acids, bases, and salts that attack metals, Polyethylene, however, is attacked
~by strong oxidizing acids such as nitric acid and is affected by many hyﬁfo-
carﬁon‘salvents snéh ae benzene and xylene, As a packsging material, but

not necessarily as an engineering mterialg the gas pefmeabﬂity properties

of polyethylene are considered excellent, The material is relatively imper-

meable to water but permesble to air, oxygen and 002, . The high density
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Table 11, Cryogeniic Test Data on Nylon-based Adhesives

Tensile Shear Strengths

Adhesive Room Tamperaggge «[}23°F
302 S, S, Bonded to Tedlar
Narmce 3135 . 1100 to 1300 o
~ EC-1h69 (3M) 1000 to 1200 1000
302 .S, Bonded to Mylar
AF 110 (3M) 260 to 430 -
Narmco 3135 1000 to 1900 1100 to 1200
EC 1469 (3M) 140 to 430 1200
502l Aluminum Bonded to Mylar
XL 967045 (3M) 860 to 1000 720 o 1000
34 Weatherband 6h to 67 630 to 1000

*In most cases fallure occurred at the adhesive-plastic interfacs,



Table 12, Properties Dataon Polyurethane Foam

Parallel to Rise, Perpendicular to REise
Tensile Strength 35 psi 29 psi
Compressive Strength 4O psi 21 psi
Shear Strength 30 psi 21 psi -
Flexural Strength LO psi 29 psi
Flexural Modulus 1500 psi 800 psi
Overall Density 2 lbs/cn £4

Table 13, ' Properties Data on Silicone Rubber

Tengile Strength Compression Set

Material psi Elongation 20 hr 300°F

Cless 500 N 800 to 1500 200 to 600% 20 to 50%
Extreme Low Temp

Class LOO 800 to 1100 250 to 500% 15 to 35%
General Purposea

Class 300 800 to0 1100 80 to 200% 10 to 20%
®0® Rings and Seal ‘

Class 700 K 800 to 900 180 to 250% 20%

Extreme High Tem

Iypical Values for A1 Class Materials

Thermal Conductivity 0,18 Btu~ft/ft2~hre*F
Thermal Expansion 200 to 360 x 1076 WW°0



forms of polyethylene, however, are more impermeable t» oxygen and othexr
gaées and, because of their superior mechanical and durability properties,
are often preferred in cryogenic engineering applications, 4 wide selection
of film thicknesses and density grades of polyethylene is available. Some of
the typical properties of the polyethylenes are presented in table 1L,
Polyvinyl Chloride (Vitafilm D-80, Goodyear): The use of polyvinyl

chloride in cryogenic engineering applications is limited due to the presence
of small amounts of plasticizers iﬁ the material that cause embrittlement at
low temperature, 4s a class, the polyvinyl chlorides are one of the cheapest
 and most widely used of the ehgineering plastics, The mechanical propeffies,
flexibility and chemical resistance are often a function of the plasticizers
used and tvhe method of fabrication, Nearly any degree of flexibility of the
material can be obtained by cdntrolling‘the compounding, filler concentration
and final processing, Cryogenic data are meager at present and more will
have to be obtained, Typical room temperature properties of polyvinyl chlo-
ride are readily available, a Sample of which appears in table 15,

4.2 Mechanical Property Bvaluation

h,2,1 Mechanical Properties of Metal Disphragm Materials at Room Temperature
and ~320°F —

The tengile properties of 30L stainless steel (0,008, 0,012 and 0,015
inch) sheet and 2024 T6 aluminum alloy (0,012 and 0,020 inch) sheet were
. determined at room temperature and at ;320°F. The tensile specimens were
fabricated in accordance with ASTM OEBwSZT; All testing was performed on
the Instron tensile testing machine with a strain ratz of 0,02 in,/in./min,
The data are presented in tables 16 through 20, During testing at liquid

nitrogen temperature, it was found that the specimens occusionally fractured
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Tsble 1li. Properties of Polyetbylene

Property Low Density Medium Density High Density
Tensile Strezgth (psi)
D 626, D &5 1000-2300 1200-3500 3100-5500
1 Conductivity
(10 " cal/sec/sq on/°C/cm)
c 177 8,0 -- 11-12.k
Trermal Expansion (}.(:'-S /°C) 16-18 - 11-13
D £56
Tensile Modulus ’(105 psi) 0,17-0.35 2,25-0.55 0.6~1.5
D 638
Temperature Resistance (°F) ~70 to 200 -70 to 220 =53 tc 250
Permeability Yo Gases
¢c/100 sq in/wil/2s hr/
atmos/25°C/0%RH
002 200 990 . 560
N2 180 h2
0, 550 280 185
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Table 15.

Property

Properties of Polyvinyl Chloride

Polyvinyl Chlcride

Rigid

Non-Rigid

Tensile Strength (pai)
Texperature Resistance (°F)

Permrability to Gases

6 2
10-"g/2 hr/m™/ms
cm Hg/ at 21°C,/50L4 KH

Availability
Thermal Conductivity

( 10"hca]/ sec/sq cm/°C/cm)
c177

Trerzal Expansiorn
(10"5/°c) D696

Tensile Modulus
(10~ psi) D633

7,000 to 10,000

-~to 150 to 200

3

5 970

150

(2]
ro

0,001 to (0.010 inch

3.0 to 7.0

18,5

A5 w6

1,400 to 5,600
~50 %o 15¢ to 200

970

150

3.0 to 4,0

7.to 25

6h
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in the grips due to greatly increased ductility and tensile strength, Con-
sequentiy, the coupon width was reduced from 0,500 to 0,400 inch to cause
failure in the gauge length,

Since the 202 aluminum alloy sheet was received in the T3 condition,
the tensile coupons were heat treated io the T6 condition by heating ir a
Hotpack air/vacuum oven at 375° £ }°F for 8 hours. Although the properties
of the transverse and longitudinal coupons showed that the heat treatment
was successful, the Q,012-inch thick tensile specimens exhibited signif-
iéantly lower yield strength and elongation, A second heat treaiment of
new coupons was executed and the tensile properties were in agreement with
those of the first heat treatment,

L.2.2 Mechanical Properties of Polymeric DiaphragmMaterials at Rcom
Temperature

Tensije properties of polymeric msterials (Mylar, polyethylene, Teflon,
and silicone rubber) in the "as received® condition were determined at room
temperature, The resulting values are reported in tables 21 to 2k.

Tensile specimens were obtzined by using an ASTM D-L412 Type C die as
recommended for thin film plastic materials. As in the case of metallic
specimens, all testing was performed on the Instron machine, Al materials
were stained at a rate of 0,5 in./in,/min except for silicone rutoer, The

latter was strajaned at a rate of 12 in./in./min,
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ie3 Compatibility Evaluation

Longitudinal ad transverse tensile coupons were fabricated {70z sach
polymeric material having anisotropic mechanical properties. The ewds of
each ~uupon were hest-~sealed ‘o form a ring (except in the case of silicone
rubber) in ordes to facilitate handling and to minimize adberence when
exposel to MMH, Iden fication of each coupsn was made by a series cf siits
in the grip position of the coupon, From this point on, the coupons were
handled with Teflon-coated tweezers. The coupons were ultrasonically cleaned
in 190-proof ethanol (when applicable) to remove moisture and fingerprints
and subsequently rinsed in fresh ethanol. Then the conpons were oven-dried
at 100°F on clean lens paper. After drying, the rings were packagea in open
polyethylene bags which were, in twrn, placed in desiccators (properly iden-
tified by material and direction) for at least 16 hours. The loupcns were
then weighed to the nearest tenth of a milligram and the thickress measured,
Three rings of each material were placed in weighing bcttles (80 ml capacity),
having ground glass caps, and covered with MMH. Figure 22 shows the glass-
ware employed in the exposure tests.

After exposure (up to SOC hours) the coupons were washed ir de-icnized
water, ultrascnmically cleaned in 190-proof alcokol (when zpulicsblc); rinsed
in fresh ethanol, oven-dri=d at 100°F on clean lens paper; and desiccated for
16 hours. The coupons were then reweighed and remeasured. Finally, the
coupons Wer2 tensile tested in the same manner as described in section ho2.2

of this report.
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Tables 25 through 32 summarize the effect of nonemethylhydrazineg on all
polymeric diaphragm materials evalugted urder this program with the exesption
of polyurethane foam. In addition to the data given in the tables, a brief
résumé of observations made during the compatibility testing is presented
below,

Toflon (from table 25): The results show that while no change in weight

or dimensions of the Teflon specimens occur, some degradation in mechamical
properties such as modulus, yield strength and ductility is indic;ted after lcng-;
time {100 and 500 hour) exposures., Bub in view of the overall resulks of
table 25, it may be said that Teflon is not significantly affected by MMH.

Mylar {from table 26): After one-hour exposure to MMH, the ultimate

strength and elongation of Mylar A decreased significantly, Also, Mylar A
reacted with MMH as indicated by the generation of gas and -discoloration of
the solution to siightly yellowish. After 10 hours; gas generation was still
in evidence, and the solution had a yellowish color. Tﬂe"coupons shattered
into flakes when brought into contact with de-ionized water. After 100 hours,
the sclution appeared to be slightly darker than the 10=hour exposure solu=
tion; also, gas generation had ceased. The coupons were almost completely
dissolved with some fragments sebttled at the bottom of the solution,

Tedlar {from table 27): Tedlar was found to behave similarly to Teflon.

Though some change in modulus and yield strergth is observed, Tedlar is
regsistant to MMH, and even afte~ 500 hours the change in weight or dimensions

is negligible.
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Tahle 25 -

Effect of Monomethylh:

Sam—a Orient. Exposure . (
ple of . Time Coupon Weilzht (g) & Wt. [Coupon Thitkness(in.)| £
| No.! Tens.Con. (hrs) Before Af%er () Before After
1 [ Traus. 0 5207 5209 | +.0002 | ..005L .0051
2§ Trans. 1 5205 -5207 +.0002 005k 0555 +.
‘3 | Trans. 1 L5213 .5245 +.0002 .Q051 0051
L { Trens, 1 .5169 .517L +.0002 | 0051 0055 +.
5 { Iong. 0 523 .5233 —.0C0L L0055 L0050k
6§ long. 1 .5329 .5330 +.0001 -005% L0054
7i Iong. 3 -5330 -5336 0 005k 005k
8§ ¥ong. 1 5365 .5385 o 0054 -005k
9 § Trans. 10 5140 .5139 ~-.0001 0052 .0G53
10 § Trans. 10 .5130 .5178 =.0002 L0052 .0052
11 § Trans. ig .5208 .5206 -0 .0053 .0053
32 | Loma. 19 .50%% .5223 _.0001 | .005k .0052 —
13§ Tong. ic 52617 5066 -.0001 .C053 .0053
14 § Iong. 10 - 5321 .5320 -.0001 .005Lk 005k
15 § Trans. 100 .5192 .5191 -.000L .0052 .0052
16 § Trans. 100 .5215 .521k -.0001 .005h L0053 - sl
17 § Trems. 100 .5218 .521k% +.0001 .0053 0053 )
18 | Iong. 100 -534%0 <5339 -.0001 | .GO5k -005k
19 ¢ Tong. 103 .5110 .5110 0 0052 005¢-
20 | Iong. 100 1937 4937 0 L0051 .0051
21 ! Trams. 500 .5203 .5202 -.9001 L0955 .0055 ¢
22 § Trans. 506 5l . Shlo -.0002 .0056 -0056 4
23 | Trans. 500 .5530 5529 -.0001 .0057 0058 1.0
2 § Long. 500 . 5264 ' ;526!+ 0 .0055 .0055 ¢
25 | Iong. . 500 .5438 .5437 -.0001 .0256 .0056 ¢
26 | Long. 500 .5253 5251 -.0002 .0055 .0055 C

(1) O.2$’Offset‘




2 on Teflon

(2)
Ult. Str.|Yield Str.| Flong. Modulus R E M AlR K 5
(psi) {psi) 2 in 1" {psi)
3,870 - Ry - MMHE showed no discoloration
3,880 1,570 k19 57,500 Ho apparent surfidce reactioh |
3,640 1,550 by 50,500 :
3,730 1,460 k75 68,500
2,‘970 1,480 3o 62.500 MME sHowed 1o did coloration
4,570 1,520 sks 1578w o apfarent surfice resction U
¥,500 | 1,620 532 157,600 _ ;
- 1,640 519 158,000 :
3,700 1,720 3o 79,500 MMH sijowed ne digeoloration f
k G0 1,730 485 56,000 No apgarent surfdce reactioh i
3,620 1,620 ko7 65,000 : :
5,050 1,510 kg3 58,460 MME sHowed no digcoloration
3,900 1,600 1) 60,000 Mo _apparent surfdce reaction
3,809 1,600 455 55,800
3,650 1,850 RS 39_000 MMH sHowad no dig co}_or;ion
3,380 )} 1,500 his 36,000 Ho apparent surfdce reaction
3,800 1,900 75 38,000
i
3,800 1,750 o ks 000 MME dhowed no discolorsiio 3
2,9% 1,800 —-3%0 ko 000 Ho_apparent sur Lpop reschidn f
3,580 1,900 405 4000 Note lslight in yielg strength |
and modulus 3
I
2,306 .} 1,400 275 49,000 MMH_showed no discolorstioyg i
2,550 1,600 320 56,000 No spparent surfpce reactidn. FKote U
2.580 1.650 315 487‘000 slight. change in yield strdngtl j’
end wddulus I
2,72% 1,550 370 1@61000 MMH_S_P.GWGB no-dikecolorstiod
2,460 1,550 300 49,000 o _apharent surfhce reactidn
2,650 1,500 355 46 000 Hote plight chanke in vield sirength
and mpdulus
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Table 26, Effect ¢

Sam-jf Orient. Exposure
Ple of Time | Coupon Welight (g) | A Wt. |Coupon Thigkness
No.| Tens .Cpu. (brs) Refore After {g) Before Afte
1§ Trens. 0. .1290 .1200 +.0002 L0021 -1 .00%
_2 1 Trans. 1 .1299 .1263 -.0036 .0021 002
3 §| Trans. 1 .1298 1299 +.0001 .0020 .00¢
b | Trans. 1 .1303 .1288 -.0015 L0021 .002
5 1 Iong. o .1319 .1321 +.0002 .0021 .002
6 I iong. 1 .1317 .1298 -.0C19 .0019 .002
. 7 | Iong. 1 .1298 L1301 +.0003 .0020 .002;
8 | long. 1 L1314 .1293 ~.0021 | .0020 .Q02;
9 I Trans. ~ 10 - .1263 A__ A .0020 A
10 | Trans. 10 b9 T A A .0020 A
11 § Trans. 10 1276 A A - .0020 A
12 | Tong. 10 1282 - & A .0020 A
13 i Tong. 10 .1299 A A .0021 A
ik | Iong. 10 .1316 A A L0021 A
15 § Trans. 100 .1300 R B .0021 B
16 | Trans. 100 L1292 B B . 0020 B
17 { Trans. 100 .1309 B B .0021 B
18 | Iong. 100 .1305 B B L0021 B
19 ! Tong. 150 .1310 B B 0091 B
20 || Iong. 100 .1305 B B .0021 B




methylhydrazine on Mylar

Tensile |Properties {at Room Tekg:_
At Ult. Str. [¥ield Str.| Elong. Modulus REMAR}|KS
(in. (psi) (psi) % in 1" (psi)
o 22,400 | 11,700 83.c 493,000 MME turned sl. ydilowish
o - 17,200 11,000 _31.5 458,000 Notablle gas generation
£.0001 17,100 11,200 30.6__|445,00C Note dlecrease in l;.ltiggtg 5
0 16,700 | 11,700 29.0  |485,000 strength and duciility
0 21,000 {31,000 4.7 460,000 MMH t3¥ned sl. ydllowish
£.0002 15,300 11,300 18.8 ko5 000 NotablE gas generation
-.0001 16,000 | 11,500 25.0  1440,000 Note decrease in |ultimate
0061 15,000 11,700 16.5 375,900 strength and duciility
A MMH turned yelloy ]
A Gas geperaticn tHroughout t4s:
A A-matarial shattdred duringltransfer |
fron MME to watier
A
A
A
_B— MMH turned yellow
B B-couppns were alnost complgtely
B dissoljved. Fragments of maferial
remainged undissolived
B .
B
B




Table 27. Effe
Frposume
=ime Weoiksht ! A ¥Wt. Coupon Thigkness
(s} Before Aftey () Before Afte
1l
QO - 1305 .1308 +.0003 .0019 - 002
1 1250 1250 0 L0020 .002
1 1218 1219 +.0001 .0020 .001
i L1ohl -.12h6 +.0002 .0021 002
© 1280 3281 +.0001 000 ~002
© 1 196 267 +.0002 .0019 002
1 1369 .1378 +.0009 L0021 -002
i L1350 .1350 €] .0019 002
© 10 I .1388 .1407 +.0019 .0023 002
ic Azh6 L1260 +.0014 .0020 .002
38 i L1360 .1373 +.0013 .0023 002,
10 LADEY L1268 +.0001 .0020 002
10 . 1340 1340 0 0022 002
10 Llzeh .1995 +.0001 .0023 .00
300 ko L1453 +.0011 | .o02k .002:
00 L1951 #3no8 +.0007 .0020 002
00 L1193 .1200 -+.0007 .0020 .00
100 | .ak61 70 1 c.ooog | -oo2k .002.
100 =y A2 +.0002 0020 .00
180 i L1310 .13.6 +.0006 -0020 002
j
500 a7 L1172 -.0002 .0020 .O0E:
500 § L1460 L1459 -.0C03 .0025 .002
i
500 i .1298 L1296 -.0002 -0023 002,
500 1279 .1277 -.0002 .0023 002"
500 L1307 .1205 -.00Dp2 0021 . .002
500 125k 1254 ¢] . {002
. —

(1) 0.2% offset




momethylhydrazine on Tedlar

(1) .
C ot Uls. Str.| Yield Strl Elong. | Modulus REM4REKS
(in.) (psi) (psi) | % in 1" (psi) .
0L 11,900 | %,800 2hg  -|280,000 MMH showed no digeoloration
0 10,900 | 4,600 183~ |225,000 Surfage of Tedla# does not étch |
2001 11,600 216 2k 000 __Bege dlight decrdase in-modulus
2001 {12,600 b,hoo 250 210,000
Y 1,990 k,520 335 195,000 MME skowed no digcoioratian .
0002 -, 7,73 | 4,650 . 285 167,500 Surfade of Tedlay Goes mot ¢tch
3001 8,430 | 4,750 29k 197,500 ‘ '
0002 8,840 | k700 248 %0,000 ;
2 11,900 k,300 290 16k ,000 MME sHowed: no digcoloration
o 111,800 {3,500 223 168,000 Surfade of Tedlad does not étch
0001 11,500 { 4,000 235 - 1188,000 Note decrease in{modulus )
0 8,30 4,550 335 {187,500 MMH sHowed no digcoloration
0 8,100 | ¥,%00. 292 197,500 Surfade of Tedlad does not pheh -
0 8,030 | 4,350 313 160,000 T )
0 12,600 5,950 280 168.000 MMH showed no digcoloration
o 12,400 S5 .300 205 150.000 . Surfade of Tedlany does not gtch
0 11,400 5.000 510 164,000 Note dlight change in yieldlstrength
. and jmodulus
0 9,670 5,800 320 164,000 MME_showed no digcolorafion
o 7,000 5,400 231 140,000 Surfade of Tedlar does not ¢bch
0 - 8,500 5. 400 32¢ )-l-;OOO Note dlight change in yieldlstrength
. and jmodulus
3001 10,800 230 MMH sHowed no digcoloration
3001 8,900 &,600 120 161,000 Surfage of Tedlay does not getch
003 9,600 5,000 ‘160 184,000 Nobe glight change in yield|strength
] - and {modulus
0 6,500 5,200 180 168,000 Mbﬁﬂ_ﬂpm_m_cd&gloramm_
Y01 6,400 4,800 210 168,000 Surfade of Tedlay \loes not etch
0 £,4%06 {75,000 180 184,000 Note dlight cliange in yield! stirength .
and [modulus
f
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Table 20.

Effect of Monomethyl

.

Sam-§ Orient. Exposure J
ple of Time Coupon Wgight (g) A W9, | Coupca Trhikkres
Yol Tens.Cpn.  {hrs) Bafore After (g) Before A
‘1 tlong - 0 .06l - | .06k +.000L__| 0013 | .00
2 §Iong. 1 0653 0654 +.0001 .0013 -.00
8.3 3long. i 0657 .0656 -.0001 .0015 00
-4 §long. 1 06kl .06k2 -.0002 .001k .00
5. 1Iong. 10 0641 0642 - | +.0001 .0015 -00
5 §icug. - 10 0618 0617 =.0001 -0013 _-00.
7 §Tomg. "~ 10 0636 | .0655 =.00G1 0013 - | .00
1.8 ¥iong. 100 06kl | 0640 -.000k | .0013 G,
-9 3 long. 100 20640 0639 +.0001 .001h .00
10 flong. 300 0539 20637 =0002 0033 .00,
11 1 trens 0 0647 | 064 | -.0cor | 0013 | w00
-2_§Trans, - 1 0627 .0625 --0G02 0013 4 .00
3 ETrems. 1 - 20625~} .0623 =-2002 0012 | .cO
4 {Trens. b 0649 -06k7 =.0002 -0013 200
5 §Trems. - 30 .0633 | 0631 0002 { ,0013 00
6 _1Trens. 10 0650 004G =.0001 L0013 .00
7 §Trans.’ 10 LOBHD: .5638 - G002 .0013 .003
8 ETrans. 100 0639 0637 =:0002 001k 003
4 9 §Trams. 100 0634 - }.063%0 =+00Qk Q015 001
126 fTrans. 100 062k 20620 =-0Q0% 0012 007
11 YTonpg. 500 .0622 0628 +.0006 0013 00"
412 § Iong. 500 L0600 .6630 -.0010 .0013 .CoY
13 § Tong.- 500 0625 0842 1+.0016 0012 001,
§11 | Trams. 500 L0633 |.0618 -.0015 | .c015 .o01
512 § Trams. 500 0635 .0636 +.0001 0013 COY
13 { Prams, 500 .0648 .0620 -.0028 -0013 00




ne ou Aluminized Tedlar

!. TensilejPropertiesjat Room Tebmp. -
A % - Ult. Str} Yield Str{ Elong. | Modulus REMA RKS
{in.) {psi) (psi % in 1" {psi)
0 12,000 5,600 85 151,900 | Aluminum doating darkened
0 11,700 5,800 80 176,000 i legs -
=.0001 10,100 5,400 62 172,000
-.0001 13,009 5,400 110 186,000
~.0001 12, %00 5,000 100 196,000 | Aluminum doating appeared .spottid
Q 12,300 5,000 -300 188,000 i p
0 11,000 5,400 72 156,000
-.0001. 12,850 5,400 115 148,000 | Aty s!powdery
-.0002 13,350 5,200° 115 164,000 reuaiged s~
~—0 |} 12,700 5,200 105 148,000
0 31,000 L 800 115 172,000 _Alunigum dogting darkened - .
Q 13,10C 4,800 155 160,000 remai
20001 12,h00 ¢ 4,600 160 204,000
0 11,300 4,800 120 208,000
=-0001, 12,080 | 4 80 130, 15k oco L Aluninum chating Spatk i
=.0001 11,200 L 900 118 _1g2,000 | MME re d colorleds
=000, 11,800 L 600 130 18h 000 —
=:0001, 12 900§ 4 800, 1ks. 148,000 Aluminum cpating was powdery :
=.0002 10,700 4,600 115 184,000 -W—Ml&%ﬁ
g 12,200 L, 600 150 140,000 ¢
-.000] 10,400 5,400 70 160,000 jAluminum ceating compfletely strilpped,
~.0001 - 3,500 5.200 60 155,000 {4 remi;xed colories
+:0001 2,500 9,200 _ &0 180,000
«.0002 30,700 % 860 305 160 .000 {Aluminum cdating completely stribiped
-,0001 10,600 &80 10D 160,000 MM remainpd colorles
=.0001 10,300 k800 90 | 14% 000
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Table 29, -

Effect of Monomethylhydrazine on Nylo

Saw+§ Orient. E}:posgze J ( : (

ple of P 1 Coupon Weight (g) | A W. Coupon Thifkness{in. )

[ No. ! Tens.Con. _ (hrs) Before After (g) Before After

- 1§ Random 0 556k .5680 +,0016 1 .0118 0121 | i

2 : L 699 | .h660 -0039 { .08 | .0095 | +
3. 1 25178 | .5160 -.0018 | .0096 0106 +

b 1 25757 -5789 +.0032 .0106 0117 |+
5 10 6100 | €056 | -.couk .0123 .0134 +
5 10 H00 | .38 =018 . 0075 008k ¢ +
7 10 k00 . 4188 =.0312 0081 | .0087 +
8j 109 -3353 | .3pho =.0113 -0072 0078 | +
9 100 B9 | Wkre | -.ophy | .CRL 0106 _{ -
100 100 433 -%916 -.0197 0093 -0093

1y 500 4792 § - BuBk ~.0308 0093 -0093

12 500 5%75 | 5236 =.0259 .0107 .0105 -
13 500 4955 -.0096 -0103

0102




dhesive

bies at Roo!n Temp .

Tensile Proper
Ult.Str.| Yield Str} Elong. Modulus REMAIRKS
{psi)” (psi) % in 1° (pzi)
3,450 1,300 18 32,000 | MMH remadned coloridss
3,450 1,550 230 16,000 -
3,650 1,500 210 51,000 ‘
4,350 1,350 260 56,000
5,91% 3,500 220 95,5'@ MMH reme3ned colorless
6,000 <t 4500 8 132,000
4 050 - 4 61 100.000 MMH remained colorlg S8_
6,200 = 1.0 | 216,000
2,840 - 3.75¢ 185,000
2,756 1,200 33 31,000 IMH remaihed cclorless
2,370 1,250 55 28,000 | Note the bhenge in mpdulus and
2,k00 1,400 ° 20 46,000 elongatfon
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Table 30.

Effect of Moncmethylh

Sam- Exposure

%13 Time Coupon Welight (g) A Wt. ICoupon Thipkness (in.) A
o. (hrs) Before After (&) __Before After ¢
1 0 2.1296 | 2.1308 | +.0012 .0393 0392 | -.0¢
2 1 2.1772 2.1832 +.0060 .0392 .039k +.00
3 1 2,1798 2,1852 +.005h .0396 0385 -0
3 1 2.1773 2.1829 +.0056 .0398 0392 ~ 0
5 10 2.2199 2,206k -.0135 .0403 .0ho0 -0
6 10 2.1831 2.1698 -.0133 .039k .0392 - Of

1 10 2.1276 2.1133 -.0143 .0393 .0387 -.00
8 100 1.997h 1.9230 -~ 07h4 D374 .0356 «.0C
g i 100 1.9564 1.8203 -.0661 L0361 .03 -0
30 100 %.9801 1.9129 -.0672 .038% .0368 -.1C

o No—




2 on Silicone Rubber

Tepsile Propertiep at Room Temp.
Ult.S5%r. |Yigld Str.|] Elong. ! Modulus | REM ARKS
{psi) {psi) 9% in 1" {psi)
1,440 & 233
1,370 810 332

_1,28 750 306
1,360 770 233
1,250 530 280
1,160 €0C 285

700 330 28

860 390 280

680 35 318
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Table 31.

Effect of Monomethy!

Bam=~|| Orient. Exposure
ple of - Time Coupon ¥elght (g) A V. Coupon Thidkness(in.)}| A
No.d Tens.Cpn. _(brs) Before After (g) Before After {
1 i Srans. 0 .1628 L1627 -.0001 .0037 .0039 +.C
2 | Trans. 1 L1621 .1619 ~.0002 L0037~ .0037
3 § Trans. 1 L1501 .1500 -.0001 .003% 0034
4 } Prans. 1 L1626 L160k ~-.C002 .0039 .0037 -.C
5 i Iong. 0 1597 .1598 +.0001 L0637 .0038 +.C
6 | Iong. 1 1620 L1620 0 .0037 .00hQ +.C
71 Iong. 1 .1723 722 Lo -.0601 .QOlL .00hL C
8 1} Iong. 1 L1715 L1171k -.0001 -0040 .00k1 +.C
9 § Trao. 10 L1649 1647 ~.0002 .0037 .0037
10 § Trans. 10 L1702 <1700 -.0002 .00k0 .00h0 C
il f Trans. 10 1777 17Th -.0003 | .ook1 .00k1
12 | Iong. 10 754 L1752 -.0002 .00k .00k1
13 & Tong. 10 L1752 L1750 -.0002 .00U2 .00lp
ik ! Tong. 10 L1676 1675 -.0001 .00l 0041
15 § Trans. 100 .1683 .1682 -.0001L .0039 .0039
16 _§ Trans. 100 L1484 148k 0 .003k £33
17 § Traps. 100 L1644 642 -.0002 -0039 .C039
18 § Tong. 100 .1498 .1hgh -.00Ck 0036 .2036
19 § Iong. 100 1575 157k -.0001 .CO37 -0037
4§20 § Iong. 100 L1k .ik1e -.0002 0033 .0033

(1) 0.2% offset




1 on Poly=thylene

Tensile [Propertiesiat Room Te
3%, Str. | Yield Str] Elong. Modulus R P MIA R K S
{psi) {psi) % in 1" (psi)
1,38 650 560 116,150 MMH shpwed no discoloration
1, 7% 600 80 15,600 No apphrent surfake reactior
1,040 640 215 15,100
2,280 650 180 12,80
1,600 706 250 |11,93¢ MMH shpwed no digcoloration
1,730 680 303  |12,900 No apphrent surface reaction
2,640 750 722 [13,300
2,130 750 480" 113,900
1,930 720 920 |16,60C MME shbwed no discoloration
1,250 I} 660 310 120,000 No appprent surfaske reactioy
1,950 5h0 875 |21,000
2,840 726 780 16,700 MMH shhwed ne discoloration
2. g 810 sis 113,200 No apphrent surfalce reactiox
2.0 750 575 113,200
1,820 - 782 - MMH showed no discoloration
1,440 780 733 111,600 No appprent surfske reaction
1,500 900 880 9,600
1,850 £ho 210 {11,200 MMH shbued no_discoloration
2,120 120 k70 10,800 No apnarent surfake reactioxn
1,900 665 360 9,800
4 i} S
]
]

JI
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Table 32.

Effect of Monometh;

Exposure

ISam-~ |Orient .

ple of Time Coupon Wkight (g) A W, Coupon Thigknes
No. |Tens.Cpn. {hrs) Before After () Before At
1 || Iong. 0 2030 .2230 -.000}% .00kL .C
2 | Tong. 1 2266 .1879 -,0387 .00k .C
3 || Long. 1 .oh81 .2102 -.0379 .00ks C
b || Tong. 1 2112 L1748 -.0364 .0038 £
5 i Iong. 10 2167 L1759 -.0408 .00k2 €
6 | long. 1Q 2080 { .1705 r-0375 0036 Ko
7.1 long. 10 L2064 L1673 -.0391 .0038 .C
8_|| Iong. 100 L1l L0047
9 | Iong. 100 2006 .C037

10 i Jone. 100 2135 0043
1l Trans, 0 2338 _.2339 +.G00% 2004k .0
2 § Traas. 1 2096 L1740 -.0356 .00k2 .0
3 i Trans, 1 2326 .19h5 -.0383 L0041 .0
L i Trans. 1 2087 .1678 -.0k09 .00l3 .0
5 § Trans. 10 .2319 .1878 -0l .0043 .0
6 || Trans 10 2081 1675 -.0k06 0034 0
7 4 Trans 10 .2098 L1669 - =.00929 .004p O
8 Trans 100 2018 0036
9.} Trans 100 2140 00ho

10 | Trans 100 22352 .00l




.zine on Polyvinyl Chloride

Tensile [Propertiesgiat Room Tenp.
| &% ULt. StrJ Yield Str] Elong. Modulus REMA RKS
(in.) (psi) (psi) % in 1" | {psi)
1 +.0001 4,300 | 3,400 558 4k, 000 MME_turnbd yellowidh
-.0002 6,350 6,000 30 200,000 Note sighificant wgight loss
0 6,900 6,300 ~ 80 220,000
0 5,400 5,200 10 194,000
~.0003 5,375 4. 600 20 178,000 Same as pbove
+.0002 k. 800 4,500 15 156,000
+,0001 ©.300 5,000 15 90,000
j___ MMH turnked orange A
Coupon dlisintegratdd
.Q001 2,900 1,080 220 19,000 MMH_ turnkd Iﬁl}gm'i
-,0005 5050 L Note gsignificant wgight loss
~,0002 5,400 5,100 13 152,000
~.0002 4,500 4,300 13 118,000
-.0001 4 900 %, 500 30 160,000 Sume as hbove
~,0002 4,500 4,300 20 46,000
-.Q00% b 650 4. 600 15 2,000 _
MMH turpkd orange
Coupons fisintegratied
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Aluminized Mylar: 4 short time immersion of this material in MMH

esbablished that it behaves similarly to uncoated Mylar &, Hence, no further
tests were performed.

Aluminized Tedlar (from table 28): After l=hour exposure, the reflec-

tiv;ﬁy of the sluminum coabing decreased considerably. Longer sexposure
(10 hours) caused the aluminum to separate frém the Tedlar filmo Hoﬁevegg
the mechanical properties are affected only to a minor extent even after a
SQQ-hpﬁr eXposure.

Nylon Epcxy Adhesive (from table 29)s All mechanical properties of

nylon epoxy are affected significantly after exposure to MMH, élastic
modulus increases rapidly with time; while the ductility decreases. Spec:- .
mens exposed for 160 hours exhibit no yield point. The elongation values
drop from as high as 180 percent for unexposed specimens to lj percent for
exposed specimens,

Polsursthane Foam: Polyurethane foam. did not exhibit sufficient compat-

ibiliby with MMH to permit quantitative evaluation,

Silicone Rubber {from table 30): Ductility and ultimate tensile

strength «* this material are degraded extensively after 10- and 100-hour
exposures., fhis is accompanied by an increase in elastic'moduluso It ‘
should be mentioned here that silicone rubber was strained at a rate of 12
in/min as compared to the rest of the p@lymers.which were tested at a cross=’
head speed of 0,05 in/min.

- Polyethylene (from tavie 31): Polyethylene was found to.remain essen=

tially unaffected after exposure to MMH for periods up to 100 hours,
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Polyvinyl Chloride (from table 32)3 Exposure to MMH for as little as

1 hour causes significant loss in weight. The degradation in mecharical
properties/gf PVC is evident from the fach that ductility decreased by‘;
factpr of ten with attendant increase in modulus by a factor of gpproximatly
féuro Ultimate tensile strength also increéses, After 100~hour exppsure, ]
the specimen disintegrated, and the color the MUH soluﬁion changed to orange.

boli Stresses in Diaphragm Test Specimens

When the maximmm axial deflection in a pressurized circular diaphiagm
. exceeds approximgtely‘opemhalf the'diapbragm thickness, the middle region
bheconmes appreéiably'stressedo This stress, which 'is essentially'bia%ialb
maﬁ-be balancéd.by radial tension at the edges if‘the edges. are held; or by
circumferential compression if the edges ére not horizogtall$'restraiﬁed;
The latter applies to the case of the proposed diapﬁragm tests,
| When axiai'defiections exceeding one-half the specimen thickness are
obtained, the;shell appears stiffer than indicated by simple theory; and the
loadmdeflecéion and load-stress relations are noplihear.
The relationships for’ stress én& axial deflection under three specific
conditions of yustraint are given below, |
(1) Circulax diaphragm, uniform load, edges fixed but not held (no edge
tension). | »
t = thickness of diaphragm (inches)
o 7@7,r§diuame£~sheil'(ihbﬁeé}
P = pressufé:(psi)

& = maximum deflection (inches)



o, = bending stress (psi)
q& = diaphragm stress (psi)
o = o tog = maximum stress (combined tension)

Max. § ab eeﬁtez-, : -

‘-ﬂ
i3

=y

3 (1-cs

oress. ab centers

(2) Circuler diaphragm, uniform loadings edges fixed and helds

Hax. § abk center;

&
P
g
5y
v
hots

Stress ab edge,
) B 2 ¢ L
Z 1?,'
‘o= Ud * Ub - :"%’" ‘Lf {‘6'}]4’ Oeh?é B (é)
oo Ll % o

(3) G:chular d:;.aphragm withows flexural stiffuesss wniform 1eadmg

edges held 3
35

‘_ze.ééza P

N
b



Stress at center,

PO

3
p= 3 1 E a
a3 0,423 \[l -%;g“

Stress abt edge,

/e
o4 = 0,328 ‘\ -2’:'..&-—

tﬁ

In the case of iwo cases above where the diaphragm possesses ben«:hag
mgidibys the maximun deflection; &, must first be determined. if ¢ is
knoun then ¢ may be read:ly calculated,

While the sbress distribubicon in ﬁr@:&g}* diaphragns is nonunifora, the
following advantages are readily aéperents

a. Relstively high stresse;;at- the center may be atbzined at noderate
hydraulic 102ds. . ' |

b. No moiding or abmcat:aoa .S requ:s red, thus preserving "as received®

characteristics of shepn mateuaise i

c. Stress measurement {through buige hedght) is re;amvely simple.

Uniform Biaxial Tension: Two-dimensionsl tensions in which g, S 0.0
N - - - ¥

iceos oy is consbant cver the entire specimen, may be achieved in & hydraul-
jcally-loaded hemispherical disphragm. Veriation of size andfol gauge section
of such.a disphragn would permit relavively broad yariation of stress at any

- given pressure. differentisl across the dlaphraggao

Uniaxial Tensions The mosh direct means of ach:.eva ng unisxial i;e‘iszin

stress::.ng throug’* nydraahc ‘Lcad:mg is z)y means of % hollow right c,y*lndez,J

which is rest’famed giong its axis. The size ami/or gauge of sueh Sﬂecmeau
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would again be varied inm order to achieve a broad range of hoop stressges a2k

- -any given preséure diffevential. In pracbice, such specimens g’euld havé )
‘neévy gauge closures which could be restrained during testing wit‘zzéﬁt
excessive deflection, Removal of the axisl restraint would resuls in 2
biaxlally-stressed cylinder, wherein g = 1/2 L where ¢ and o, are the

axigl ard hoop stresses, respectively.



Se PERMEABIIITY TESTS

5.1  Metal Diavhragms

5.1l.1 Iiquid Monomethylhydrazine Tests

Roth a stainless steel and an sluminum diaphragm were mounted inte
the room temperature system and covered with approximately 2 liters of
Jiquid MMH, The & mil stainless steel diaphragm was ither loaded in increasing
pressure steps to 97 psia with dry nitregen gas with no indication of H
or G,

2
nifrogen and water vapor, or tue viritual lesgk rate of the system was ob=-

permeation. That is, no change in Bthe residual gas conteni, mainiy

served at the several levels ¢f overpressure applied.

T 2 12 mil alwninua disphragm covered with MMi wes loaded in increasing
pressure steps to 80 psia with dry nitrogen gas with no indicetion of MM
or G§§2 permeation, That ié, 1o change in the residu2? gas conbend, mainly
<n°1~tregep. and water vapor, or of the virbual leszk rabe of the sysbem was
obzerved at the several leveis of overpress “e- applied.

In the above tesits the stainlesz steel snd alwninem diaphragms were
stressed at the senter “{;aa caleulated maxmun 53.5% and 90.1i%, respectively, of
the materiala? biaxial yield strengths. The permeation was caleulated in
terms of 5PU. The resulbs are presented in table 33 Permeability of liquid
MBH through both materials at room jemperabture is less than the limiting

values presented, based on the GN? sensitivity of the residual gas analywver.

5.1.2 Iiguid Nitrogen Tetraxide Tests
Both a stainless steel snd an aluminum-diaphragm wers mounted in the
room temperature system and covered with 3 liters of liquid Nzoh + The &

mil stainless steel diaphraga was ‘then loaded in increasing pressuve steps

Sh
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to 105 psia with no indication of Nzoh permeation, At 105 psia, however,
the high‘ vacuwa disphragm seal slipped and a momentary passage of Na()h
occurred. This was indicated by the appearance of m/e 30 {(NO) in the mass
spectrometer outpub. Holding at 105 psia revealed no further seal slippage
or N201L passage as indicated vy rapid decay of the m/e 30 peak wihile the
rgsidual gas content, mainly nitrogen and water vapor, maintained the
preburst levele

The 12 mil aluminum diaphragm covered with liquid NzOh was Joaded
in ipcreasing pressure steps to 80 péia with no indication of H2Oh permess-
tion. At 80 psia, however, the high vacuum diaphragm seal slipped and &
momentary passage of N20h ocgurred. This was indicated by the appearance of
mfe 30 (NO) and m/fe L6 (NOZ)._ The appearance of the latter, along with a
large m/e 30 pesak héight as compared to the stainless steel diaphragm ex-
periment, indiecates the passage through the seal of a greater amount of
Ngoh &s compéred to the stainless steel experiment. Holding-at 30 psia
revezled no further geal siippage or NQOh passage as indicated by the rapid
decay of the EEOI; products pesks while the residual gas _content, mainly
nitrogen and water vapor, maintained the preburst levels.

In the above tests the stainless steel and aluminum diaphragms were
stressed vo a calculated 67% andiili.3%, respectively, of the biaxial yield
strenghn, The permeation was calculated in termg of SPU. The results
are pregented in table 33, Permeability of liquid N2Oh through both
materizls ab room temperature is less than these limiting values based on

the GN2 gensitivity of the residual gas analyzer,
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5.1le3 Iiquid Nitrogen Tesis

The determinetion of IN pemeg:i;ion through metal dié.phragrns has

2
followed the development of the mechanical seal for cryogenic permeation
tests, Tests with both stainless steel and aluminum alloy diaphragms

" tightened with the high vacuum aluminum "0* ring seal to the specimen

holder at room temperature have indicated a loss of the high vacuum seal at .

eryogenic temperature, With introduction of IN, into the system, the seal

bol':bs tend 'bo_loése_h ag shown byazjetorqﬁihg after test. This results in lJoss

of‘thg high vacuum seal during cryogenic 19adt’mé and for sjstem tempera{:ure
reduciion. A - ) -

Precooling of the specimen holder,;éiaphragm and uo¥ ring seal
assembly with I;I\fa and torquing 7whi3;e cool showed promise. One stainless
,s:i}ee]. and ore aluminum-alloy diaphragm each maintained high vacuum o

_ atmosphere while supporting several liters of IN,, Fowever, a second

2
“ staiz}leqs;stéel diaphragm did not maintain the high vacuum seal during

» system »mz‘rcool down and fil]:lr:gg. This latter stainle-s_s‘steel diaphragm,
however, was ,faot pre;cooled to the degree of »the fi_rsi., Both of Athe
éiaphragms '_l:hat s-ucce;:sfully held IN2 at atmospheric pressure t»z:ere ,

" pressurized, The stainless steel diaphrag_iri was pressﬁrized up to 65 psia.
The aﬂaﬂninﬁm alloy diaphragm-'ﬁeld up to L0 psia at which point one of the
7se'als,ru1—)‘au;red.iBoth diglphragms exhibited increased nitrogen levels in the

_ dutchman with increased pressure. Taese are believed to be due to leakage .

through the seale
Review of the: thermal expansion of the Hwo diaphragm seal materials,

the-stainless sbeel of ‘the holts and the almlﬁnﬁm "O" ring, vérsus -

~
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tempe;za.ture22 indicates that over the temperature range Irom room to
cryogenic témperét-ure; d:‘iferentiai thermal expansion would cause the
aluminum to coviract i;aster thém“the stainless steel. This, in turn, would
cause relaxation of the seal loading force as appiied by the bolts. Typical
room temperature values of the coeff:.clent oi’ thermal expans:s on for these
matemals is hsted in table 3hs To offset the alumlnumwstam...ess steel
d:L_:fferentlal ‘thermal expansion, a washer made of a material haw:.ﬁg a smaller
coéfficient :of thermal expansion than stainless steel was inserted on the
holts. “The materlal used was tantalum. The thermal expansion coefficient for
tantalum is hsted in table 3h. Galcu]atlons for the typical seal where the
aluminum ®0® ring has been conmpressed %o about 20 ‘mils in ’chlckness indicate
that 50 mils ofitar;ﬁalnn; would be required to maint.ain'the seal 1oadlng force
ag applied at Toom temperature i;c;r a s-;a:h;less steel diaphfagxn. Ar aluminum
disphragm would increase the amount of aluminum in the séal, requiring nore
tantalum’ for pﬁper compensation . Hoﬁever, differential ther‘mal expansion in
“the plane of the almnlnum dlaphragm would also require compensatlon,

To test the des_lgn, an 8 mil _staupless steel diaphragm was mounted with
Vl;O mils of tantalum, inserted on the bolts and the assembly torqued &t Toom
jhemperam_e}

Table 3h. Seal Material Boom Temperatuve Themal Expansion

Material " Thermal Expansion Coefficient
30} Stainless Stesl 8 x 1070 infin°F
Alwmsnum 12 x 1070 infin°F
Pantalam Tz 10"6 infAn°F

98



The diag_hragm was qovered with apprb:'clmat_e];y 6 diters-of LNE; No ind:fwatiops -
of séal rl'eak_age or diaph}‘agm p‘enw;ea*bion were noted at atmospheric pressure.
Overpressure was then ir;creaéed: in _étepe to 115 psia &nd, again, no indiéa-
“tion of le-akage or permeatgbﬁ-was noted. Hbi’revez;," at 115 psia, tlze geal
"*sliippnd amd bhe high vacuun was lost, terminating the test.
- I‘he ahove test stressed ‘the 8 mil stainiess ~steel dlaphragm to
. approximately ,‘0%01‘ the material yle;ld_,.strength. Based upon the sensﬂivi’tyc_
of’lthe detex;tioh apparatus as previmusly reporised and the observéd daté, the
numerical hmit of pemeamon in terms of SP‘U was calcula ted, The result is ,
presented in table 33. Pfarmeablhty of I.N2 through a gtainless steel
dlaphragm a.'b cryogenlc temperature is Jess than th:.s limiting value based .
“on t:ne N? sens:.tlvz.ty of the res:Ldual gas. amat.lyzero

Dimens:.ona.l :mspect:.on of 'bhe diaphragm mountlng assembly as torqued
and after d:.sassembly showed the bol’t r:.ng to have a lo-nul elasta.c set or
taper along with a J-mil machlned taper on the top surface of the. mount, ‘both
8o aligned ,that a wedge-shaped spagce msf,ed between the twe surfaces wher_1 :
wader 'iggralae ab the aluminum O-ﬁhg posit;i.oxi. ‘éfhe roint of the wedge was -
‘toward ‘th‘e CD-of 'Bhé disphragm assembly. Machining of both pieces was
-pe;rforniegi s0 that a taper with the point toward the center of the assembly
' existed under torques |

To test the design, an 8-mil stainless steel diaphragm was mounted

with 60 mils of bantalun on the remackined pieces, An aluminum O-ring was

used‘i-as before on previous tests. The diaph:‘cagmr was covered with apprq?imately

-6 -liters INé. Nq indication of geal f[eakage_or diaphragm pennea’oion was
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o‘ﬁserved at atmospheris pressure, however, cryoﬁmnping was noted, .Over~
‘pressure was then increased in steps to 95 psia with no noticeable change in
the nitrogen ;;eak height. However, a small improvement in vacuum was nohed
as each pressure s*liep was applied. While increasing the overpressure to N
15 pgia, a rapid degradation J.n vc;slcuur-u‘_occu;'red_ and the test was ﬁernﬁnatei&.

* The modified diaphragm mount tested at the 95 psia pressuré level A
resulted in Stressing the &mil stainless steel diaphragm to L3,3% of the metal -
yiéld strength. The numerical limit of pé’rmeaﬁion in terms of SPU was ’
‘calculated as tefore. The result is presented in table 33, B .

~ A third test was run using an 8.mil stainless steel diaphragm and 100
mil of tantalﬁm spécer;_ Howevé_r, high vaouﬁm was 1ost“‘d;1ring LN2 f‘:’i.llj%ng,'
Analysis indicated .;t»hat the exposure sequence to IN, and the thermal.
diffusivity of the diaf)hragm mount assembly components i)robably cansed
@ercompressior:z of the O-rihg ﬁth initiai contact of IﬁQ on the bolt heads
and tantalun washers which was followed by relaxation of- the seal as the ‘

whole assembly cooled dowm,

A3 a background check of the IN_, sysbem operation and the diaphragm

2
iseal for subsééuen’c _IH2 system checkout operations, an 8 mil stainless
gteel diaphragm, é-5/8 inéhes—in c‘;iameterg-was weld-sealéd to the diaphragm
mount and agsembled into the system. The weld-sealed diaphragm mount assembly :
is shown irn;j;i\guri 23 During initial IN2 £illing, high vacum was lost
which-was traced to leakage past the-O-ring seal between the dubchman and
the bottom of the diaphragm ;noui;t assenbly. Re;o'lgh'liening the meunting bolba

resealed the -sys‘tem. The diaphragm was covered with 13 liters of IN, and in
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Flgure 23, Weld-Saled Diaphragm Mount Assembly




quick steps pressurized to 315 psia. However, abnormal behavior, :‘L.,éﬁ.,‘9 a
sporadic degradation of vaouum‘ x-ﬁth time, precludes analysis of the data.
On system wrrmup, t‘ge high vacuun was loste

The system was re_started and high vacuum attained. The diaphragm was

20‘
man was éi‘ycpwnﬁed by the cold diaphragm and the surrounding mount, Press:ufe

again covered with 13 liters of IN,. At atmospheric overpressure the dutch-
was increased to 65 psia‘by GN2. Until a new system pregsure~temperature
equilibrium was re~established the cryopumping rate appeared to increase due

to the higher fluid boiling point at the higher pressure, After & pressure

sui'ge, the vacuum system's mounting bolts >were,_retorqued.' As one of the bolis

was retightened, the high vacuum was lost. The system wss quickly restarted
and high vacuum re-atbained. IN, at 65 psia remained above the diaphragm
while the vacuvm was lost. Rechevking, the cryopumping rate was similar o

that occurring prior to the loss ‘in vacuum, indicating that any perrﬁeation

of the diaphragm was. below the detectable limits of the test equ_i;gzxeagé:, e T T

The weld-sealed diaphragm tested at the 65 psia pressure level was

stressed to approximately 20,5%0f the material yield strength, The numerical -~ —

limit of permeation in terms of SPU was calculated. The result Is ﬁreéented e T

in table 33, - :

S.deli Iiquid Hydrogen Tests

Testing in the LH2

out of the system and its operation using the 8-mil stainless steel diaphragm
weld sealed to the diaphrégin mount (figure 23}, The diaphragm was covered e
with approximately 10 liters of I.Hz, but pressurization in excess of L0 psig

could not be accomplished due Vto, a i‘auity 14, £111 solenoid valve, However,

1102

gystem has been limited to the preliminary checke



while holding the system at 25 psia, the opexrating characi:eristics and
. ¥esponst +the cgogenic an:d vecuum system *-»as:a- explored. With the 6-inch
~gate valve open, bo;i;h H2 and N2 were observed o increase w;lth time and
; i*espond directIy to the ion pm;;kle;rel and its fluctuations. Upon closure
of the 6-inch ga'be’ vaive, the N, peak rex ined gonstan% mﬁ.}g”gn inerease
in ﬁxeer .ieve}. was noted, This increase in H, level is attri’bt-rgéci to -
permeatione
In this test, the stainlésg steel weld-sealed diaphragm ﬁaé loaded to
2 caleulated 13% of the materialls yield strength. As an approximation,
the permRation was calculated in terms of SPU assuming the sencitivity of
the detection eqﬁipngnt to be the same for H2 as it is for N,. The resull

pd
may be found n table 33
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5.2 Polymeric Diaphragms

5.2.1 Qoarse Screening Tesis

The purpose of this experimeant was to prévide an indicadion of gross
pemea‘om‘hy rates of the propellant ,m.ml She pelymenc matexrials and
to study the deformation characterisbies of the wolymer diaphragms when
subjécted to reduced pressures. ?:—e.’;iminary tesis indicated that Shess
furctions would bs achieved by the apparatus shom in figures 2} through 26.
Fmﬁctmnallg; the ayhara*:.::s ceas:a ts of s gs,sss mers Kh;ch are. sepa~
rated from each other by the stalmesc st-eis}. *‘ﬁlmer éz&“ﬂnragzz;s nmder.,
S:Lhcone rubber gaskets are used at the grou::ei as.: Joints to ei‘fecf. a .
vacuum seal on the botiom chamber and a leak¥ight seai on the tép containez's
A capiliary tube and overflow cup. ex?.en«i from the top conteiner and ibs seal
" is effsched through a standard feper joinb. A £illing bube also extends
£from the top conbainer ard ig used to inbroduce and remove the liquid from
the conbainer. The boitom chember contains a Hastings }‘;agdist Themocouple
Tube for monitoring preésure, a,stopcedk for bringing the chamber back to
atmosphere, and a3 trapped pmping tube. Using this apparatus, experiments
were conducted to ob‘aa:.n gross permeatvion rates and to debexmine the presenae

of microporosity in thﬂ fslgrwnc mater:.als‘ The proczdure is described

below, 7
The test materials 7?-’61'6 cleansd +horougbly w:n;h methanol, After sscur-
‘. ing the polym;eric sheet in the gpparatus, the chamber below the diaphragm
‘was evacuated until a terminal vac;mm was abbained. The stopcock at thé'
trap was then closed, thus isolating the ~vacmﬂn pump from the system. Aafter

~ & ten minute period, the pressure was noted and the pressure ‘change per

1ol



E2852

- CAPILLARY TUBE

O

GLASS

Jre—

DIAPHRAGH ADAPTER

STAINLESS STEEL S
HOUNTING g:g;meg- ~— SILICONE RUBBER -
h © GASKETS

MZCH, v;ic_ PUNMF ] - ﬁj-t-—- THERMOCOUPLE VAL, GAGE 7
iy

;-

-~ Figure24. - Coargse Screening Permeability Apparatug

105



LIO1E 4.3

.

Hloure 20, Close-up View of Diaphrars Mountlng Arparsius
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minute detemined, This value was taken as the natural dzift of the system
with one side of the diaphragm in air ab atmospheric pressure, Two addi-
tional pressure changevreadings were taken for comparison. KXeeping the
bottom chiamber under vacuum; the deflected diaphragm was filled with per—
meating fluid (water or MMH) and tue procedure, as described sbove, repeated
for three pressure change readings, The fluid was then removed fivm the
deflected diaphragm and three pressure charge readings taken te re-estzblish
the nabural leakage to air of the system with one side of the diaphragm in
air ab atmospheric pressure. Finally, the polymeric materisl was iemoved
frem the appgratus. Results of the preliminary tests are shown in tables
35 and 36. _

Gross pexrmeubion rates of 2ir znd monomethylhydrazine Through polyethy-
lene digphragms were determined on the Coarse Screeming épparatus>for several
thicknesses émi dizphragm dijameters, These results are presented in Sable 36.
Sumnarizing these results, it can be seen bhat by keeping the diaphragn
diameter constant and incyeasing trz thickness of the poljethyieneg theraby-
decreasing the level of strain in the disphrazgm, the gross pexmecztion rate
of MMH generally decreases,. Similarly, when the thickness of the polyethy-
lene is beld constant and the diameter of Hhe diaphragm increased, thereby
incxeasiﬁg the level of strain in the diaphrégm, the gross pexmeation rate
of MMH is shown to increase.

Zn explanation of these results is presented on the basis of physical
imperfections in the polyethylene matexriale Examipation of the polyethylene
under polar&zed lighting clearly‘reveal§ that the density of physical impere.

fections not only increases as bhe thickness decreases; but varies within
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Table 35.

Gross Permeation Rates of Air and Water Th

Diaphragm | Tnitial Final Pressure | Time

Thickness |Diameter | Pressure | Pressure | Change Inte:

Material (in.) (in.) (1) () (1) mii
Polyethylene .00k 729 9 64 55 1
.ok .729 9 62 53 I

Nelol 729 9 63 sk I«

.00k .729 9 13 &4 I«

.00k .729 10 _17 T Ic

.00k 729 11 1 717 66 I

.00% .729 10 72 62 i

.00k N 10 67" 57 1€

.COk Je9 b 9 66 ) 57 i

.col - 1.050 10 75 65 . 1

.00k '1.050 10 yé! 61 i«

004 | 1.0%0 9 68 59 1<

L0087 -1.0%0 8 72 ol iC

.ochk 1.050 1 ] 82 2 I

.00# .1.0%0 11 81 i ic

i .Coh 1.050 i 70 60 ic

1 .cohk 1.0%0 10 66 56 1C

0ob 1.050 - * * *

Tedlar .0o2 1.880 - 10 8g 79 gl
.002 1.880 9 87 78 T Ic

.002 1.88 ) 87 Y- ic

.C02 1.8% 9. 165 i56 e

L0027 1.88n 15 220 205 T 16

002 1,880 16 230 21k 16

002 i.88¢ - 10 38 78 10

.002° 1.8% 9 [ 3 10

.002 1.88 ] 3p 73 10

- 002 2.200 16 250 234 - 10
002 2.200 1 220 06 10

.002 2.200 - | 230 216 ~ 10

.002 2.200. | 15 330 315 10

.002 2,200 23 ~ 380 357 10

~.002 2.200 22 375 - 353 10

002 "] 2.200 18 280 i 262 - 10

002§ 2.200 % | 250 o34 10

.002 2,200 15 2ko . 225 1. 1o

© *piaphragm ruptured ‘_u:zwing third evecuation




.+ Selected Polymeric Dia:phragms

Permeatiod Calculated
Rate Stress Diaphragm Environment
1 (n/min.) (psi) .
5.5 ) Air at|atmospheri¢ pressure
5.3 .671 x 101 ) '
5.4 )
6.4 )
6.7 ) Diaphrdgm filled ¥ith wster
6.6 )
6.2 )
5.7 ) Water gemoved From diaphragm
5.7 ) Air atlatmospheri¢ pressure
6.5 .95 ¥ 10° |)
6.1 ) _Air at|atmospheri¢ pressure !
5.9 ) '
T KL ) ]
7.2 . ) Diaphrdge filled Vith water i
1-C ) _r
6.0 ) f
5.6 ) Water gemoved frok diaphiragm)
* ) Air at jatmospherie pressure
79 §3.%5 x 104 )
7.8 -} ) Air atlatmospherié pressure
7.5 )
15.6 Y -
20.5 ) Diaphrdgm filled fith water
21k )
7.8 ).
7.3 ) Vater yemoved from diaphragn
7.3 )
23.4 k.ol x 109 )
20.6 ) Air at|atmospherif pressure
21.6 ) -
3L.5 )
35.7 ) Diaphrdgm filled yith wster
| 35.3 )
26.2 ) .
23.4 ) Water yemcved from diaphrag
22.5 ) Air at|atmospherif pressure
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Teble 35, {Centinmeld) fross Permeation Rabe

7 Diaphragm] Initial | Firel ~ | Pres
. Yhickness | Diameter | Pressurs | Pressurs '} Chan
{in.) - {in.) (1) (8) | (n

L .005 3.8% 9 ey 7
{ 005 t 3.88 1 61 5
7 .005 1.8 1 60 - 5
055 - .1 1.88 7 59 z.
005 C1.880 . 1 62 5
005 1853 7 61 5!
005 1.880 -1 61 51
005 1.88% 8.« 59 51
.0a5 1.8% 8 1% 51
Q02 L8555 {8 302 gt
08 0.509 '8 93 ° Y &
002 6.509 8 N &
.002 G.509 -9 - 102 9z
002 . 6.569 | 10 - 112 107
002 - 8.509 9 12 102
002 _0.509 9 100 -

- 002 a.509 8 C 97 1" &
-002 ~ o559 | 87 " g5 &
.GO% 0.509 ° Xi 99 I
£0o% 8.500 L7 - 73 . 66
ook o6.509 7 2 €
L00F . 0.509° 8 77 T 6
005 8.509 7 81 '
L08 0.509 T 81 g
a0k 0.509 L 7 71 &
.00l 0.509 6. _70 &l

. .oob 0.509 6 68 6.
006 " | 6.509 - 7 60 . 5
006 ©.509 6 58 . 50
006 8.509 7 56 ke
006 8.509 7 63 5f
006 e.509 1. 6k 57
S0 G.509 8 67 5¢
006 0.509 1. _€0 5°
006 0.%09 7 57 50
.06 0.509 8 58 50
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" and Water Through 5. tected Polymeric Diaphragms -

Tine

T

Permeationl Calculated mje
Interval |Rate Stress Diaphrapm Envirvonuent
(nin.) Wp/min,) (psi)
10- 7.1 1.38 x 101)
i0 - 5.0 )} Alr at|atmospherie pressure.
10 5.3 )
10 5.2 )
10 3.5 ) Diaphrhem filled Wwith water
10 5.0 )
10 5.4 )
10 5.1 }_¥ater rtmoved from disx
10 5.1 1) Air at %tmosnhm‘ic pressure
30 9.k 936 x 109) - ‘
d 10 8.5 '§) Air at ptmospheriq pressure
10 8.3 1)
10 3.3 )
TAG 10.2 ) Diaphrabm £illed with water
io 10.3 )
10 9.1 )
- 30 8.9 } Water rproved from diaphragm
16 8.7 ) Air at htmospheric pressure -
10 7.2 L1468 x 10° 1)
10 6.6 ) _Air at btmospheric| pressure
10 6.5 ) 3 .
10 6.9 )
10 - T4 ) Disphrabm-rilded with water
10 7-% ) '
10 6.4 - )
39 6. } Water rbmoved fron disphragm
10 6.2 ) -Air at hibmosphericl pressure
. R _ i - -
- 10 5.3 .312 x 10%)
10 5.2 ) Air at htmospheric] pressure
10 - Lg )
10 5.6 ) - '
10 5.7 ) Diaphra?n #illed wjith water
10 5.9 ) - :
10 5.3 ) ' ‘
10 5.0 ) _Vater rbémoved from diaphragnm
10 5.0 ) Air at htmospheric| pressure -
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Table 36, Gross Permeation Rates of Air and Ivbnome‘ﬁy:.hydrazine Thye

] . IDiaphragm | Initial Final Pregsure | ~Time Permea’

‘ Thickness {Dismeter |Pressure | Pressure Change Interval Ratt

Material - o (4nl) (in.) (n) (n) (n) (min.) §(1/min
Polyethylene .002 0.509 7 112 105 10 0.
o . .002 0.509 9 110 101 10 10..
.002 0,509 9 110 101 10 0.,

.002 0.509 9 ‘135 126 10 12,4

002 0.509 ~ 1L 148 137 10 13.

.002 0.509 10 135 125 10 12,

- 002 0.509 10 125 115 10 11

002 0.509 9 122 113 10 "1l

002 0.509 g 115 106 10 10.¢

Polyethylene .00k 0.509 10 103 93 10 9:
.00k 0.509 8 - © 86 78 10 T

.00k 0.509 6 71 65 10 6.

.00k 0.509 6 7L 65 10 6.

.00k 0.509 6 76 70 10 Tl

.004 G.509 6 5 69 T 10 G.f

.00k 0.509 6 9 . 13 10 N

.00k 0.509 6 73 67 10 6.

.00k 0.509 6 77 Tl N 7.

Polyethylene .006 0.509 8 66 58 10 5.8
‘ .006 0.509 6 58 52 10 5.0
.006 0.509 6 58 50 10 5.

.006 0.509 6 63 57 10 5.

.006 0.509 5. 61 56 10 5.€

-.006 0.509 5 60 55 16 < BLF

Polyethylene .00k ©0.729 -7 87 . & 10 8.¢
.00k 0.729 6 82 76 . 10 7.6

.00k 0.729 6 80 74 10 7.}

.00l . 6.729 6 85 19 10 7.C

004 0.7:9 | 10 132 122° 10 12.¢

.00k 0.729 10 125 . 115 10 11.°

00k | 0.729 10 10k sh 10 9.!

e .00k - 0,729 8 100 92 10 9,%

.00k 0.729 6 95 89 10 8.¢




3elected Polymeric Diaphragms

‘alculated B
Stress ~ Diaphragih Envirdnment
(psi) L
938 x 107 Air at altmospheric {pressure
Disphragm filled with Mg T
MMH removed from dn‘laphrang Alr at atrospheric prespure
468 x 10°
Adr at gtmospheric presgure
Diaphragm filled wilth MMH
‘MME remolved from di aphragm. Air at atmoppheric prebsure
312 x 10°
ressure.
S o o
Diaphragm filled wilth MMA :
671 x 10° -

Air at alfbmospheric joressure.

Diaphragm filled wilth MME

T

MMH remst

a*¥rom di

)
&
f=3

aphragm. Aj

sare

r at atmospheric pres
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Pable 36. {Continued) Sross Permeation Rates of

: Plaphrogm § titial Final Prez.

iThickness |Diameter ] Fres~uwe | Pressure Ca

Material {in.) {in.} ) - 120 {:
Polyethylene - .006 1.309 5 " 53 L
- - 006 1.309 e 45 iy
.006 1.309 4 0 3¢

006 1.309 Tk 37 3

- - G506 1.309 1 3% 3

006 1.369 L 57 5

006 1.309 5 72 6

.00& 1.200 35 72 &

006 1.309 =3 -

1




]

and Moromethylhydrazine Tavsugh Selecizd Poiymeric Diephragms

. Time Permeation|Caleuizted] - P | ) : ]‘
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each thickness of the film, Theée physical imperfections appear o be
foreign part: cleé w‘?;h::ﬂ; are imbedded in *he £ilm and may completely penetrate
‘the film. These .jimperfections may ach as stheésv concegtrators and, during
straining of the_ diasphragn; may complet-eiy separate, theréby forming micro-
pores, or cause the materisl surrounding the imperfection to deform or
*thin out™ to the extent of forming ;niéro—-pgr,eéc Hence, as the strain 1e§e1
inz;reases in any polyetﬁy__”i.ene diaphragin (:onigainiﬁg imperfections ,' the gross
permeation ra‘be of MMH increases correapordingly.

A particular type of diaphragm failure‘ was noted aiﬁr;;ng coarse screening
testing of polyebhylene,; which is sl';own in figure 27. This type of? iféilu.*e
oceurred :m ti}e traﬁsversé: dirsction 2long longitudinal lines. The lines
were found in a1l the thicknesses of polyethylenc tested and appear; to be
def;ved from.axtrusion., The effect of these lines ;m the téns:‘le properties
of polyethylene at rcom Lemperature becomesrapparent after analysis of the
data pres:énted in section lj, table 22, The data shows that while the ulti-
mate tez}si.le strength .in the transverse divection is less than that exhibited
in the 1ongitudi'na1 and 2,150 direction: the temsile modulus «nd yield
strength are corresporddingly greaber. This would seem to indicabe that-

-these lines locally reduce the effective cross-sectional area and also ach
. as stress concentrators in ths transverse direction. Similarly, “the |
increased eloﬁga‘bion in the\ transverse direciion éuggests that localized
yielding occurs first -at the region of minimum c-ross-nséctional area and
progresses locally along the entire gauge-lengtyo

While other 'polymerixzk materials showe;i some indicsbion of direction-
aliby pz;ior to failuve unsi_gr biaxial loading, polyethylene proved t0 be the

most consistent,



a4
T
]
E
fry
A
&
3
g
=
b
Q@
By
o
£3
fu

Flgure 27.

-

e

e
. ”«,W //

= %?/, 2N («%
. -
. ”«v«, W?/ .

4292 00100-%




5.2.2 Polymeric Specimen Desipgn

He]iminarﬁr-evalnation of the polymeric specimen materials was per-
- formed to a_ssist in determining diapkragm size and estimatipg axpected stress
. levéls. The mechanical properties used in the structural e%raluaticm are
summarized in.table 37. The properties of the Tedlar and Nylon-epoxy were
averaged from the teﬁsile tests performed on representative samples selected
for this program, The remaining materials were summarized from the litera-
ture survey,

The two msjor desién variables whish define the stress-pressure relation-~
ship for a circular diaphraém of a given material are thickness (%) and the
radius (a). Since the plastic materials ‘are available only in Iimited
thicknesseé, the diameter (d) or radius {a) is the only permissible vardable,
Thecretical relationships have been established to e:valuate the effects of
keeping cne parameter constant while the other two vary, The effect of
k¥seping the surfacs area constant is summarized in table 38, The re}ative
diameters required for constant stress levels and constant pressure levels
are shown in tables 39 -through L1, For the test conditions where a consfan*‘c-
stress level is desired, the required specimen diameter is obtained by
reading horizontally in the tables. When constant pressure is desired, the
diameters are read vertically from the tables,

The parametric study has indicated that the lower sitress levels sannot
be obtained by using a single specimen with a minimum surface area or L,0
.quare inches (equivalent diameter of 2,257 inches), Table L1 shows that
the diameter of the Tedlar specimens must be reduced to 1,4 inches to with-

stand 1 atmosphere at room temperaturé, By using a multiport specimen

md
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Table 39, - Specimen Diameter fof’Constant Pressure/Stress Ratio
for Mylar

Material Thickness = 0,004 in,

p psi Specimen Diameber (d) inches
gpsi Uie? 20,0 30,0 50,0

P = 27,7352 x 1076 /2 B0 : 23 5 .69
10,000  1.88 1.39 092 55

15,000 3,£5 2,55 1,70 1,02

20,000 5.3k 3.92 2,62 1,57

O.

Fas 31,0957 x 108 42 5,000 .51 37 .28 L8
: 10,000 1.k 1,05 .70 b2

26,000 1.0 2,98 1.99 1,19

31,000 7.8k 5.76 3.8k 2.30
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Table 4O, Specimen Diameter for constant Pressure/Stress Ratio

for Teflo

Materiai Thickness = 0,000 in,

Specimen Diameter {d) inches

- ‘;S%?ﬁ; 1h.7 20,0~ 30,0
Room Temp., -5 3/2 ) : :
= 72,696 x 1077 o7/ 600 0.073 0,053 0,036
: 1,000 0,156 0,115 0,076
1,500 0;288 0,212 0.1kl
2,600 oMz 0,326 0.216
Pg 2 28,5136 x *0"5 3/2 1,000 0,061 0,05 0;030
5,000 0;686_ g,50k 0,336
10,000 LSWO  1,h26 3,950
114,000 3,214 2,362 1,57h
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Tsble L1, Specimen Diameter for Constant Pressure/Stress Ratio -
. fqr: Tedlar

Naterial Thickness = 0,002 inches

. Specimen diameter (d) inches

o pot
c PS ]l@.']? 20,0 . BOoQ

Roum vTemp o y
Pd = 33,85788 x 1070 57/2 - 1,000 072 05k 036 .
) 2,000 . 206 k2,100
1,000 582 " A28 ,286

(8,000)  1.h26 1,212 308

53?20§7.5797h x 107 ;3% 1000 038 028 018
5,000 1122 .310  ,208
15,000 2,20 1,61 1.076
20,000 2,38 2,48 1,658 |

21,000 Lo iy 3,48 2,18



holder similar to figure 28, the material can be tested at the desired
stress/pressure levels and still provide the required permeztion surface
area,

5.2.3 ILiguid Monomethyluaydraszine Tests

Praliminary testing of polymers with MMH was initiated with a 5 mil
thick Yeflon FEP diaphragm, using the multi-hole diaphragm mount describsd
in section 3.4.2 without the compression ring, With MMH covering the
specizen, the diaphragm was siressed to several ievels with dry nitrogen
ga=, However, the resuvlis cleariy indicated that gaseocus nitrogen diffused
rapidly ino ‘I;l;e high vacuum of the dubshman, indicating high liquid oro-
pelliant permeability by nitreéen and leakage of the material and seal as
discussed in section 5,2.5. Ars- . gas was substituted for nitrogen. Rapid
diffusion of argoen into the detchman was aiso observed, This indicated that
pressurdizaiion of the liguid propellant has tc be done with a2 gas having a
very large mclecule, i.e., Freon 12,

No specific permeation values for MMH could be determined, Homever,
no changes in the residual gas peaks couid be agtiributed to MMH permeation
nor wewe any new m/e pesks observed,

5.2, Tiquid Nirtrogen Teiroxide Tests

Testing of N20& on Teflon FEP was conducted using 5, 10 and 20 mil
thick material mounted on the polymerdic diaphragm mount using the compressicn
ring seai, Difficulties with the 5 and 10 mil material attributed to the
imperfections proved uncontroilable and only some of the tests with 20 mil
material yislded satisfactory resulitc, The test resulbs in {a2rms of leak

rates are presented n tabie L2, Permeaticn values in terms of SPU werse
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Table L2, Nzoh-él‘eflon FEP Test Results

P
. Giaghragm

Based on system sensitivity for m/e 26
Stress in unsupported material holes

" Stress in supported material

n/e 30 Permeation Calcuiated
Leak Rabe [ ce-cm Stregs (psi)
2% » \ 2 } 2383t FrETTE
Overpressure (ce/sec) cm’-cm Hg-sec %y Ogy
S5 psia 2.66 x 1070 3.17 x 10~k
3.17 x 1070 3.76 x 10~k
3.92 x 1070 .67 5 107 M
Avg, 3.25 x 10‘8 3.87 x 10“11‘ 172 9.1
75 psia 2,17 x 1070 1.90 x 10”1k
bl x 1078 3,89 x 10714
Avg.  3.31 x 1070 2,89 x 10~14 235 12,3
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calculated in terms of the total surface area exposed to the test fluid (see
section 5.2.5). These values are presented in table 42. No significant
change in permeation rate with increasing pressure is apparent. However,
since the stresses introduced during test were very low (1% of yield), no con-
clusions regarding the effect of stress on permeation can be drawn.

5.2.5 Gaseous Nitrogen Tests

During the initial testing of polymeric diaphragms with NEOh or MMH
it was noted that seal leakage occurred, especially of nitrogen gas when used
as the pressurizing medium. Using the high sensitivity for nitrogen, it was
quickly shown that a compression ring had to be used for adequate sealing.
The compression ring vsed was a previously-compressed aluminum O-ring which
provided approximately 75% reduction in thicxness of the diaphragm material.
This sealing technique was developed using 15 mil Teflon TFE material to pre-
clude the possibility of test material porosity obscuring the resulis.

The final tests on thas material; Teflon TFE; not qnly showed seal
adequacy but provided GN2 permeation data through this materiai., The lezk
rates obtained are presented in tabl: Li3. Permeation values in temms of
SPU were calculated in terms of both the area of the 26 1/li~inch diameter
test holes of the diaphragm mount and of the total surface area within the
compression ring seal. These values are presented in table 42, The per-
meation rates shown in the second column {based on tobtal area) are believed
to represent the true values. That is; the surface within the compression
ring seal is uncompressed and the entire top surface is exposed o GN2 while
high vacuum is exposed to the entire lower surface. The compression ring
seal acts as an edge clamp with the stress field existing over the entire
specimen with some stress concenbration ir the material where it is unsup-

ported over the holes,
12y



Table L3. GN.~Teflon TFE Test Results

2
Permeation Calculated
cc—cm Stress (psi).
2
Leak Rate™ em -cn Hg-sec e s
Overpressure (cefsec) (1) (2) oy Ooy
% k7 x 1077
1 atoms. 8.7 x 1072 2.4l x 1077 1.31 x 070 k6.9 2.5
-l - -]
15 psig 1.3 x 1074 2,19 x 1077 1.3 x 2070 93.8 5.0
4S psig 2.1 x 10-)4 2.4 x 10“9 1.31 x 10-10 131.0 7.5
Extrapolated »~ -
value ho8 x 10

*Each entry, average of three vaiues
(1) Based cn area of 26 test holes only

(2) Based on area within seal cempression ring
L2 -
Stress in unsupported material over holes

tress in supported material
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Permeation values in terms of SPU based on the total area within <the
compression ring seal are compared with AP in figure 29. No significant
change in permeation rate with increasing pressure is apparent. However,
since the siresses introduced during test werc very low (1% of yield), no
conclusicns regarding the effect of stres. on permeation can be drawn.

Testing of Teflon FEP in thicknesses of 5, 10, and 20 mils using the
developed sealing technique yielded erratic data. The thinner the material,
the more erratic the data appeared. This behavior is describable in terms
of variation in the degree of high vacuum obtainable, the variation in leak
rates at a given condition, the observation of small random pressure bursts
and in some cases high vacuum improvement on incrementil pressure increases
of GNQ. The latter is similar to observations made on diaphragms insuf-
ficiently compressed at the sealing surface.

Satisfactory test runs were performed using a 20-mil Teflon FEP sample.
Permeation values in terms of SPU were calculated and are presented in
figure 29 for comparison with Teflon TFE values. Stress in the material
does not appear to effect the permeation rate. The permeation rate of
GN2 through Teflon FEP is somewhat higher than that through Teflon TFE.

The higher permeation rate and erratic performance of the Teflon FEP
is attributed to the imperfections in the material., Figure 30 shows a
typical specimen of 10-mil thick materisl after test, taken under polarized
light. The lines are scratches in the polarizing film. Close examination
reveals point-like imperfections similar to the one near the center of the
specimen which is circled. Examination of this typical imperfection at

high magnification (figures 31 and 32) reveals what appears to be a hole
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Flgure 32. Selected Area of 10-mil Teflon FEP Diaphragm 112X,
Polarized Light




or depression in the material, partially filled with a crystalline substance,
Tris could be a dust particle embedded during manufacture, or residual,
unreacted, or partially reacted catalyst used in the manufacture.

Random examination of the 5, 10 and 20 mil material, figures 33 through
35, shows the apparent density of the imperfections to increase slightly
with thinner material, Approximately 50 such imperfections may be observed
in any 5.5~inch diameter specimen. High magnification photomicrographs of
one imperfection observed in S-mil thick material is shown in figures 36
and 37 as viewed from either side of the material. Again, the crysialline
appearance of uhe particle is apparent. Complete penetration of the hole
through the materisl 1. questionable, Similar crystalline particles are
observable in 1C-mil material, figures 38 and 39.

Review of figure 31 shows short lines aligned about the imperfestiion
which are related to the stress patiern. Comparison with ™as received®”
material in figure 38 shows these short lines to result from stressing
durire testing and may possibly be induced local crystallinity in the

material .
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VEFLON 20mil

Figure 35. As-Received 20-mil Teflon FEP Sheet Polarized Light
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Figure 36, Selected Area of 5-mil Teflon FEP as Recelved Sheet,
180X, Polarized Ligit
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Figure 38, Selected Area of 10-mil Teflon FEP As-Recelved Shest,
41X, Polarized Light
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’ ‘6. CONCLUSIONS
a, Apparatus and techniqweé evolved and currently in useA are considered
suitable for the measurement of permeabilily rates through highly stressed

naterials in the range of 10719 40 107 gpu,

be The chemical oompatibiliﬁy of Mylar, aluminized Mylar,_ alvminized
Tedlar, nylon-based adhesive, pdlyurethane'foam, silicon rubber, and poly=-
vinyl chloride with monomethylbydrazine was found inadequate for uses involving
prolenged exposure in' terms of either dissolution, fluid discoloration. and/

- or degradation of mechanical properties. | -
Ce Pblymeric materials found most 'cc;mpatible with monomethylhydrazine
included Teflon (FEP), Tedlar, and polyethylene. -

d, The mecl:;anicai properties of meballic and polymeric materials both
at room ax_ld cryogenic temperatu:.:es were evaluated and tabulaked. In instances
where venldor daba exisb, such dabta were correlated with obbained value,s;..

es GCoarse permeability screening tests were found suitable in the
idaiﬁification of such ijmitiag parameters as specimen dimensions \anéi material
imperfections. '

F _ fe 411 metallic diaphragms testeci with MMH, Ngoh, and LN2 exhibited
permeability rates of less than the defectable limits of the experimental
apparatus while stresses to major fractione of tﬂeir respective biaxial
yield stresses,

So 'Probable permeation of hydrogen through 0,008 inch stainless steel
at liquid hyd.rogezx Vtemperature wes observed during apparabus checkoutbe

he The permegbility of nitrogen tetroxide through Téti‘loﬁ was obsexrved

to be in the range of 1 do b x 1(5"1)‘L SPU. The values observed did not appear
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to be affected by stress level,

i, The permeabilit& of gaseous nitrogen through Teflon was cbserved to
ve in the range of 1.2 to_l.? b'e 10-lG SPU, The values’observad did not
appear to be affected by étress level, Permeation rates for FEP Teflon were
found to be highef than these for TFE Teflon. |

j. The degree of permeability of the polymeric materials was observed
to be related to imperfeétion density, Conseauently, the predominant mecha-

nism ¢f permeation appears to be seepage through imperfections,
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Te ;,FUTUEE'WORK

Melpar's current effort will be expended to include studies of the
perﬁeability of stressed composite materials to certain propellants, These
matei-ials include reinforced polymeric materials, laminates, adhesiﬁe.ss and
honeyc6mb s%ructﬁres which are more directly applicable toispace'vehicles,
It is anticipated that the work will shed.additional information on the com-
plex problem of permeability wherein a basis for the selection and development

of materials for use as aerospace hardware can be developed,
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