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Thm purpose of these tests was to determine the effect of ethylene oxide
containing 1A of 1% carbon disulphide on a shmet of KEL-F material con-
taining no plasticizer. A diaphragm material resistant to ethylene oxide
is desired for use in fuel cells which could be operated in the XQ-5missile.

INTRMUCTION:

Previous reports MSD-1817 and M D-3005 covered tests 6Sfa plasticized
KEL-F (LP-20) material in contact with liquid ethylene oxide which con-
tained 1/4 of 1% of carbon disulphide. After an exposure time of one week
at 2000F, L.o material lost 19.4% of its weight. Tests run at 1500F showed
the weight loss to be 19.28%. The plasticizer appeared to behave as a
catalyst in promoting polymerization of the ethylene oxide, and a polymer-
ization residue of 0.57% based on the weight of ethylene oxide was obtained.
The material was Judged unsuitable and it was the proposed to conduct addi-
tional tests on a KL-F material containing no plasticizer. This material
is designated "Califilm" and is supplied by the Shamban Engineerig Co.,
U2617 W. Jefferson Blvd., Culver City, California. This report gives the
results of tests conducted on the untreated samples and on material exposed
to liquid ethylene oxide containing lA of 1% carbon disulphide 4br one
week at 1500F.

1. The material is not uniform in thickness. While supposed to have
a nominal thickness of 0.010", the actual 1ickness varied from
0.00825" to 0.o2l". It is believed that this wide variation
would make this particular sheet material unsuitable.

2. Calender markings on the sheet are undesirable. They cause marked
anisotropic behavior.

3. The sheet material exhibits greatest strength and percent elonga-
tion in a direction parallel to the calender markinp'.
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WUNCLUSICSt (Continued)

4. 1r-.a to the cale:idor .arkin and variations in thi -ness, there
is wide variation in tensile and elongation vp'hes obtained from
different spcci-nz cut in tha same direction. The rratnnt
varlatimn occurs in specisens where the markinre are normal to the
long axis of the 3pecimen.

5. The KIL.-F hoct, unexposed to ethylene oxide, had an average ten-
sile strength in a direction parallel . the markings of 5833 pei ad
the prcent elonpation at failure was 1b3%. For specimens with mark-
inge nornal to the long ais, the corresponding figures are 51,00 psi
aM 110% raep.t1-e3,.

6. Spectm-ns exposed to liquid ethylene oxide under the test condi-
tions, and then allowed to stand at room temperature for 3140 hours
to dissipate any absorbed ethylene oxide, showed increases in
weight. This weight increase averaged 1.16% for samples 0.0095"
in thickness, and l.h3% for samples 0.0125N in thickness. Average
weight increase for all samples us 1.30%. This increase appears
to be permanent and is probably due to chemical reaction rather
than physical absorption.

7. Exposure to ethylene oxide for one week at 150OF resulted in
lowering the tensile strenpth to 2885 psi, a reduction of about( t1P.5%.

8. Exposure to ethylene oxide increased the percent elongation at
failure from 122% for untreated material to 288% for exposed
material.

9. While no tensile measurements were made on Califilm i amejitely
after removal from the liquid ethylene oxide, th, material was
very much more pliant and yielding thin after all the ethylene
cxid@ had diffused ot of it. It is therefbre to be expected thatif such measuremnts had been made, they vculd have shown consider-ably lower tensile values and higher percent elongation at failure
in the ethylene oxide saturated condition.

10. If phybical properties are to be used in design, it is very impor-tant that the marked difference in behavior between materal in
saturated and ethylene oxide free condition be taken into account.

11. If the dimnsional difficulties of the present sheet material canbe overcome, it might be advisable to thoroughly investigate thePhysical properties in the saturated state, since the material
will be required to perform in that condition.

12. Polymrization residue obtained frnm the exposur test ws 0.0375%based on the weight of ethylene oxide used. This compares with
0.57% for a similar test with a plasticized KKL-F reported inRSD-O05. This low value for polyseris.tion residue in believed
to rate the Califil as excellent in this r_-pect. It further
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12. - continucd:

indicates its arked saper.urity over the plasticized ML-F.

13. Ualifilm o-pozcd to et-Wlene oxide picks up 3.37% of its weight. About
2% of this is merely absorbed as ethylene oxide and is released slowly
when tho samples arc o:pcscd in air at room temperature. The remain-
der L3 hold by the material, probably as a chemical addition.

I4. Comparison of Califi.Im with the plasticized KEL-F (LP-20, previously
investigated in ICD Rftport #3105) shows that in the unt.ate.d state
the Califila has approximataiy twice the tensile strength of the
plasticized material. While both materials suffer considerable
lo3s in strength on exposure to liquid ethylene oxide, the Califilm
still has a 36% higher tensile strength after one week's expoe
at 1500Y.

Tast specimens were prepared of the usual 8daubbellO type used for tensile
determinations. These, in diwnsions, conformed to ASTM D638-52T, Type I.
Twelve samples were prepared for tensile tests of mnexposed material. Six
of these were cut so that the calender markings were parallel to the lam
axis of the specimens, and six were cut so that the markings wera at right
angles to t,:e long axis.

Four samples were prepared for use in the exposure teat, two with calendar
markings parallel to the long axis and two at riht angles to it. Sinee any
conventional marking would probably be removed by the etlene oxide (:aid
it was desirable not to mark the exposure specimens meaharnc3lly), speci-
mens were cut successively shorter in length and identified by this mans.

Expoe -r s&mIes were weighed before bedng placed in the pressure vessel.
After the test period, the speamens were removed and weighed at intervals
un to 1i hours.

!"he ;crz usseL used has been described previously (MD Roert 1 3w5).
The specimens to be exposed were placed in the vessel which was then econso.-
ted to the ethylene oxide storago tank by means of a piece of 3/164 stainless
steel tubing. Liquid ethylene oxide was then ran Into the open vessel to a
point somwhat above a predetermined level. The liquid was allowed to boil
domn to this level and a quantity of carbon disalphide, calculated to give
1A of 1% b7 weight of the ethy-.v nx14f, then added. The mixterses
then stirred with a glass rod and the lid acrew n and tightened securely.
The syatirt was checked for leaks and the assembly placed in a t e otati-
callY controlled awn at 1500. It was mintained at this temperature for
o week.

The pressure vessel was then removed from the ofen and alloved to oOl to
room temperature. The ethylene oxide was discharged into a weighed 50 al.

_____ ____ "
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FROCEDUf: (Continued)

beak-. r i --.- al cp. The o;.ide wai evaporated on the .,ot plate at
MOT and the polymerization rmadbe obtained by di'ference. The pressure

vessel was then x dc' a-'. thc zaiplez reitovni for th-e iah dterminations.

Tensile tests ere run , oi a 331dwin-ftery SR- testing nacn -ie.

T!S3LTS:

Table 1

'e-'zile Tests on Untreated Califilm

Calender Marks - Lengt!-.:s
% EurA&!IOI

8MPII 11. T9%1rM(nChas TENSILE ST-,FNGTg! (Psi) AT FAIURE

1 0-0136 6o34 18. 8
2 ').0120 6122 93.8
5 0.0130 %20 117.5
6 0.01oi0 5380 93.9
7 0.0120 5610 200.00
5 n.0125 64,3n 112.5

SA'ra. 0.0129 5833 142.

Calerer Miarks - Transverse
% FLO-ATIOW

SAMPLE NO. T:4ICF. VS (lIches) TE"MSILF STREXTH (Psi) AT PAIWRE

3 0.00A3 2563 37.5
4 O.r90 7299 106.3
9 O.oW$5 7300 100.0

10 4150 37-5
11 0.0m9 53115 162.5
12 0.0090 54~50 U18.8

Averge 0.0091 5400 i10.4

Fiuare I shmes the apneoranne - the clendering marks. The material sees
to be nlled up at the site of the -mrkings in the form of a series of am11
T's, the bottm of the V ninting in the direction of rolling.

Figure 2 shows an enlarged notonicrrY-r'h shaving ortiims of two such
:aiendor markings.

Figure 3 shows oe such calender warking as observed under high magnification
on the mieroseope. The variation in thickness to clearly evident in the
earking.
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Table 2

Mawrrme ts --in th Teu St Mres
Befn're Exrnsure to Fthylene Oxide

SAMST #1 SAMFLE #2 SAMlE 13 SLMTlE A
8~. 8.47 1,.-27 P.M0 7.74

Width o.990 o.5no 0.5070 o. 10
Thickness 0.0115 0.0130 0.0090 0.009n
Weisht 2.2h5 2.3610 1.6111 1.5555
Calender marks Lengthwise Lengthwise Transverse Transverse

Table 3

Weights nf Specimens at "artous Times
After Rewuv&1 from the Ethylen Oxide

HMURS APrED, SAMPLE
WOO RENMTEJ SAMPVE #1 SAWPL #2 SAMPLE #3 S AMLZ

0 2.3270 2.4475 1.662e 1.6c35
2.25 2.3042 2.4265 1.6499 1.924
6.50 2.2796 2.hOlO 1.6329 1.5762
71.50 2.2?95 2.,oo 1.6330 a 1.5761
U10.75 2.2756 2.3955 1.630 1.5732

Table 4 shows the weights of samples imediately after removal from the
liquid ethylene oxide and when they were essentially in ths satuiatd
condition. The samulus wore completely surface dry and wtdhibited no visual
diference from untraated iiaterial. Pfaically, hovever, there was a markad
difcrence. The material was nnch more limber and loss svringy than the
untreated Califuim. After stwnin for 14hO hours and losing the aMtzapped
etylene oxide, the specimens seemed to regain much of their original prop-
erties.

Table 4

Weights of Samples Before and After Removal from Itrlme Odd

602-W # OMI&wA WE1SiGi .AUIAEIaT AFTER W., % Wzm
WEDGm'f RIVAL MOi ?TIZM OXIM DWCH= ZEXA

1 2.2445 2.3270 0.0825 3.69
2 2.)61o 2.475 o.065 3.53
3 1.6111 1.6620 0.059 3.26
4 1.5555 1.6035 o.(8o 3.09

Average % i,±ght increase (saturated condition) - 3.37
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Table 5 gives comrab e figures for the samples after they were allowed
to stand for 110 hour. to loe their residual etUyleno oxide. It is
umnmal that, as ahown In both Tables 4 and 5, the higher percent weight
Inceae in both the saturated and dried condition occurred in the thicker

mpeoiin . No adequate szp1amation is, at present, available to account
for this phnmen. Possible future work on thicker material my conf~irm
these observations and throw same light on this behavior. The actual
processes, heat treatenet, etc., used to produce the shoet, probably have
am Impotant bearing on its properties and behavior.

# oCP RIB L WEIGH T rn 1140 Homj WEIGHT wSIO
WRIGH AT ROOK TEMPERATURE ICRE INCREAE

1 2.2445 2.2756 0.0311 1.39
2 2.363.0 2.3955 0.0345 1.1.6
3 1.6121 1.63a1 0.0190 1.18

L1.5555 1.5732 0.0177 l1.

Average $ weight increase (dry condition) - 1.30

Table 6

( Tensile Ters on Exposed Califils

Calender M arks - Tong s
EEODWIOK

SAJITI 90. THICK3S (Inches) TE14SILE STREWKTH (Psi) AT ?AnMDR
1 0,012 3330 212.5

2 0.013 2140 325

Average 0.125 2885 268.8

Calenda ?arks - Trmasw-eo

SAMET 20. T.ttC2SS (luIus) TENSILE STRENTH (Psi) AT 7AIIDRS

3 0.0095 2570 262.5
It 0.0090 320 331.8

Average 0.o95 2885 297.2

Table 6 gives results on exposed ample. which wee allowed to remain
at room temperature far 1140 bous before pulling in the tensile mhine.

VI



LOCKHEED AIRCRAF
T C6RP(IRATION • 7

FJRTE'R WCRK,

Sine the material has good tensile strengtb and elongation propfeties and
produces a low polymerization residue, it appars worthwhile to atu* it
further.

ftcause exposure to ethylene oride reduces the tensile strength markedly
and because such strength is again farther reduced when the material is in
a saturated condition, a sheet having sufficient thickness would have to
be chosen to allow for these reductions. While stress analysis is be nd
the scope of this investigation, some effort should be made to ietermine
Just iihat tensile str n th is required Ln the application. From this, with
a proner factor of safety, the required thickness of material could be cal-
clateal. Because s'ich data is not now availabl, l1y a general Impression
can be given. It is felt that 0.010 material is probably too thin to use.

Efforts should be made to obtain a material which is more uniform dimension-
ally; also, the material should be free of calcnder markings. The vendor
should be questioned -.vgrding these matters and actual Mrocessing methods.
Such information might shed some light on the observed behavior of the
=ct-rial. If =.-z =thods and limitations are known in detail, it
might be conceivable that a material similar to that tested could be used
if sufficient allowance were made for the variation inherent in the material.

In tfu-her test work ^ere d-etcrnination of weight change =W not be neces-
sary, tensile tests should be rvn on snecimens in as close to saturated
condition as possible, since this is t is environment under which the
diaphram will be required to perform-

Information recently acquired frm M. W. Kellogg Cowpar , manufacturers of
KEL-F, Indicetes that the Califiln tested was an extruded material. Tb
advise that for a diaphragm material, such better results may be obtained
by spraying a UL-F dispersion onto a metal back-up sheet of the pfoper
configuration. Any desired thickass my be built up. The coating ai'r
sprayIng is heated to 50OF to coalesce • 4'dividual particles and produce
a continuous sheet free of pinholes and r. all the desirable pr4twrtes
of an eAruded material. Thickness mq be held to 0.0011. This shiald
produce a diaphragm with more unioM Mca MIcal prOperis.

. g Ter /92et Request Mo. 0028 from F. a. Twure (77-20) dated

2. 3c - C/91.6 from A. T. Caufteld to J. Danall dated 8/6/56.

3. NED Report No. 1817

I4. MED Report No. 3M5

5.Disssions with F. H. Turner (77-20), B. Stanhs (73-30) ad
J. Britten (73-30)

6. Lntroffl Notebook Pages 197875-17882 i=nael0u

___"" ..
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Variation in thickness is clearl~y evident.
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