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FOREWORD

In compliance with the requirements of Purchase Order CA-384807 issued
by Jet Propulszion ILaboratory to the Lockheed-Ceorgia Company, approxi-
wmately 280 lineal feet of battery separator maberial were processed,
tested, and supplied to Jet Propulsion iaboratory by the Lockheed Georgia
Nuclear Laboratory.

This report describes wne process usea in preparing the material and
presents resultg§ of tests of the batbery separator material ‘Turnished
under this pu;ghase order,
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1.0 INTRODUCTION

Continuing interest exists in developmentv of specialized batiery
separator materials for use in a number of modern batteries, particu-
larly for those cmployed in space applications. A previously conducted
research and development study foxr the Jet Propulsion Laboratory (JPL)
by Radiation Applications, Inc., indicabted that an accepiable batiery -
separator material could be prepared by crosslinking polyetnylene film
with divinylbenzene Lollowed by grafting with acrylic acid using pamma
irradiation to effect the crosslinking and grafting.

As pars of its effort to establisn sources of supply for this material,
JPL issued a purchase order to Lockheed-Georgia Company for 200 lineal-
feet of the material to be processed according to JPL procedures. The
suitability of the processed material for its intended applicavion vas
to e evaluated by measurements of changes in physical dimensions
resulting from multiple sterilizasion cycles in L0 percent poba551um
hydroxide solution at 1t5°C, by the absorbance ratio of the carbvoxyl
group to the methylene group using infrared spectroscopy, by the wet
tensile strengtin, and by the electrical resistance. The limiting
eriteria for acceptable material specified by JPL were a minimum
tensile strength of T00 psi and a meximum electrical resistance of
0.050 ohms per square inch per wil thickness.

Material processed at the Lockheed Georgia Nuclear Iaboratory (IGHL)

in conformance with processes and procedures specified by JPL 4id no®
meet the eriteria for wmaximum electricel resistance. Furthermore, the
desired carboxyl salt peak did not appear in the IR specirograms, butb
instead, & carboxylic acid peak was present. A modification of the

JPL procedure was developed by LGNL which allowed consistent production
of waterial that conformed to the electrical resistance and tensile
requirements and had IR spectrograms exhibiting the ues;red carboxyl
salt peak with the carboxylic acid peak eliminated.

Conferences with JPL technical personnel at LGNL on 10 March and 23
March resulted in technical approval of the LGNL processing modification
and also in a change to the purchase order to permit the change in pro-
cessing procedure and a reduction in the number of tests to be performed.

Details of the processing procedures and descriptions of special equipment
used in preparing the approximately 240 lineal feet of battery separator
wmaterial furnished under Purchase Order CA 384807 are presented followed
by descriptions and results of tests performed.



2,0 PROCESSING PROCEDURES

The batvitery scparator wmate:l
supplied by J2L. The den
ness was 0.,C0L inch, an
volyethylene film compr
exposure o gamma radia
wmaterial into a grafted polymer oy irradiating in an acrylic acid
solution using & gamma source. During irrsdiations the Tilm was wound
in a helix using a special crepe paper toweling furnished by JPL as a
separator. 'Tuis paper separator also acted as & wick to maintain a
.supply of either the crosslinking or grafting solution in contact

with the film surface. Between the crosslinking and grafting irradia-
tions the Tilm was rinsed in benzene; Ffollowing the grafeing irradiation
it wes washed first in hot potassium hydroxide solution and then in hot
wvater. These operabions required the special equipment described in
Section 2.1; processing details are presented in Section 2.2,

ial was prepared from polyethylene film

L T the fiim was 0.917, its nominal thick-
dtn was 13 inches. Processing of the
inking in divinylbenzene solution by

t cl
E_.I

c
z

2.1 Special Eguipment

The handling equipment used for rolling the polyethylene filwm and paper
Yoweling into a helix suitable for processing in standard test bubes
(65 mn diemeter X SO0 wm long) is shown in Figurc 1. The paper and
Tilm were concurrently passed from the supply rolls througn vhe guilde
rolls onto a 0.5 inch diameter stainless steel wube used as a core for
the helix. With this equipment the Tilm, from the upper supply roll,
vas positioned so that the paper extended approxirmately 1.5 inches
beyond the film at each end of the helix, In addition to its use in
preparing the helix configurations for the various irradiations, this
equipment was also used for supporting the roll of material during
removal of tone paper toweling and transfer of the filw to tThe racks
used for supporting the film during the rinsing or washing operatvions.

The wash racks were so constructed that the film was supported and
separaved Irom adjacent layers during rinse and wash operatvions by
stainless steel wire cloth which permitted circulation of the rinse or
wash liguids to all surfaces of the film. One rack loaded with film is
" showmn Dbeing lowered into a wash tank in Figure 2,

For the benzene rinse an open topped stainless steel tank 12 inches deep,
22 inches wide and 30.5 inches long was used. Two similar tanks insu-
lated on the outside with 2 inches of styrofoam with.a b-inch thick
styrofoam cover and Titied with stainless steel steam coils on the inside
.0f the bottom were used Tor the potassium hydroxide solution and water
washes. Temperatures of 80 % 5°C were maintained during the washing
cycles,



apply & 35 psi load during all measurements. Length and width weasurewents
wvere wade with a stainless steecl rule graduated to CG.O0L inch.

Specimens were sterilized in stainless steel containers heabed in an oven
in vaich the tcmoc*ﬂLa o was meintoined at 1bk5 T ¢ during each sterili-
zation -cycle oy & Leeds and ﬁo rthrup Speedomax G oven conuroll witn a

1.5 miliivolt span and a suppressed zero. Pre-sterilizetion wa Ti-up and
post~sterilization cool-dowm of The oven was controlled witia & symchronous
driven programmer that supplied a bucking volitage to the controller and
also regulated oven dampers such that warm-up was effected uniformly

over a l-nour period and cool down was at a wniform rate over a 2-hour
period.

3.2 fTest Procedures

lthougih a Tew continucus infrared spectrograms were made, only spectral
neasuraments between wave lenzthas of 2.5 and &.0 wmicrons and 5.5 and 7.0
wicrons were madc on mOST specimcns since the methylene and carovoxyl
pecks pertinent to evaluation of the battery °eparuuow raterial rere de-
fined within these wave length renges, As specified in the purcnase order
the ratic ol the carboxyl pezk o the methylene peak was caleuloted., The
method used to establish a base line for cach peak is illustrated in
Figure 9. In %this figure the upper spectrogram is for unsterilized
material and the lower spectrogram is for & specimen Irom the sawme sample
of material after s»er_llzaulon for T2 hours in 40 percent potassivm
hydroxide solution at 1L5°C.  Bota the carbox vyl and methylene peaks of
‘the tuo spectrograms are superimposed, but the base lines are quitce
ditferent. The dilference 11 ratvios (0.6 for unsterilized meterial and
0.8 for sterilized material), therefore, is due to the chenge in vase
line rather than vo any difference in energy transmission at tae pervi-
nent wave lengths., These spectrograms are typical for all material
suppiied. The energy Ltransmission at the waximum absorbance Tor both
the carvoxyl and methylene peaks was in the range 0.1 to l.5 percent
transmission for all specimens tested.

Electrical resistance measurements were made using the previously described

eguipnent in accord with the Tolloving tyoical procedure. Since the weasure-

ment cell was filled wita demineralized water during overnignit siorage,
before using the cell for measurements the water vas drained and the ccell
vas filled with LO weighi percent potassium hydroxide solution. To ensuxre
that the electrolyte used for measurements was of the desired concentration,
the cell vas filled with L0 percent potassium hydroxide Ffrom the reservoir,
a2llowed to scak for 5 minutes (minimum) and the electrolyte drained and
discarded. This operation wves repe@ted tuice. After the third ITilling

the cell resistance was measured., The cell was azain drained, refilled
with fresn electrolyte and the cell resistance again measured. I these
two measurements agreed within 0.05 ohms the cell was ready for specimen

R
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measurements,. The electrolyse was returned to the reservoir end a test
specimen vas wounted in the cell so that the area ucasured vas roandowly
selected with respect to length of the specinen {specimens were cub
yerpendicular Lo the length of the processcd [ilm) and wos at least
0.125 inen from any speciuen edge, the cell was closed, the ving nubs
tichtened o finger tight, and the cell filled with electrolyts to at
least 0.250 inch above the elecurodes. The bridge was then balanced

for both capacitance and resistance to produce a null irndication on

both the vhase angle dirfercance and impedance indicators. Wien vhe cell
resistance drifs wos observed to be less than 10 williohwms in a 15 second
period the decade resistor value wes recorded as the total ccll and sample
resistonce. Electrical resistances were measured at 250 & 0.3°C. The
emperature of the clectrolyte in the cell was recorded to the ncarest
.19C at the time of this weasurcment. Eapty cell resistance as
etermined by repositioains the specimen so that & 0.313 hole in the
pecimen was alligned with tne C,250 hole in the cell face and weasuring
the resistance as vefore. The resistance of the specimen was computed

as Tollows:

o O ek

L]

= (B -B2) &
T % 1,000

vaere: -~
ter . - - f . 2 -
i+ = Resisvance of sample (- /in /mll)

Ry = Resistance of sauple and cell (™)
Ro = Resisvange of empty cell ()

A = Area (in®) -

% = Thickness of sample (in)

Tensile strength measurcments were made on a portion of the sample used
for resistance measuremenits., Tensile specimens were nominally L-inch wide
and were tesied over a 2-inch uniform widdh gare length. A load cell was
used which provided for a 5 pound load over the full scale of the recorder.
A number of specinen Ffailures occurred at or within the grips. A&lthough
some failures of this {type were presumably due to The uniform cross
section betireen the grips, premature failures were to a great extent due
to solution evaporation on the pgrips depositing minute crystals of potas-
sium hyéroxide which tended %o cut the film and initviate failure. After
+this phenowmenon was obsexved the grips wvere washed betieen tests therebdy
reducing the number of premature fallures at the grips.

The specimens subjected to sterilization were coded for identification
and placed in epprovriate stainless steel sterilization cortainers
according to the number of sterilization cycles o which they were to be
subjected. The containers, which incorporated screens that ensured Thav
the svecimens vere completely submerged during sterilization, were filled
with 4O percent potassium hydroxide solubtion, sealed and placed in the
oven for sterilization.

19



Tiwelve specimens from each of samples Ex~10, Ex-1l, and 1B were subjecied
to sterilization as Tollows:

- 7~
L specimens 1 cycle 30 hours
Lk specimens 2 cycles 72 hours
4 specimens 3 cycles 108 nours

Fach sterilization cycle included 1 hour warm up time, 36 hours at 145 %
29¢, and 2 hours ccol dowm,

3.3 Test Resulis

Tue battery separator material furnished under Purchase Order CA 384807
was processed in O sample lengths designeted Ex~10, Ex~1l, 1A, 2B, 2C,
and 3B. A complete set of 16 specimens were cut from near one end of
each of samples BEx-10, Ex-11, and 2B, Four specimens from each set were
tested atter the following treatments:

. Unsterilized N

. Sterilized for 35 hours in.h0 percent XX at 145°C.
. Sterilized For T2 hours in 40 percent KCH at 1k5°C.
. Sterilized for 108 hours in LO percent KCH at 145°C,

On the unsterilized specimens wet width, wet thickness, and tensile
strength were measured. On the sterilized specimens weignt, length,
width, and thiclmess were measured dry and wet before sterilization and
wet afier steri.ization; infrared spectra and electrical resistance were
neasured both before and after sterilization; and tensile strengih was
geasured after sterilization. The data are presented in Tables 1 tThrough
O.

Electrical resistances of all specimens were well below the specified
meximum. Tensile strengths of all specimens that did not fail in <he
grips were above the desired minimum; of those specimens that did fail
in the grip only six failed at loads below the minimum. Tensile stvrength
values obtaineéd from such specimens do not represent the actual sirengl
of the material since this type fallure is usuelly initlated by danage

to the specimen by the grivp.

Hesulis of these tests indicated that the material was uniform, that
sterilization did not significantly change electrical resistance or reduce
tensile strength below the acceptable minimum, and that waterial exhibi- !
ting certain carboxylate salt and wmethylene peaks also exhibited the
desired electrical resistonce characteristics. Comparison of infrared
specwra and electrical resistance of the waterial initially processed
vinich Tailed to meet elecitrical resistance reguirements, as discussed in
Section 2.2, further indicated the correlation between infrared spectra
and electrical resistance properties. Therefore, the uniformity of

20



TABLE 1 - SAMPLE EX-10, VEIGIHT AnD DIMINSIONS

SPZCIMEN

LeTont (Gh3)

LRTGTit (IN.)

vEmAg (1)
SUIEALTZATION

THICKIFES (IH.)
STLTSALION

B2 ATLIZLTION STERILIZMTOH
10. it i TCaT BrE Ty pOST

DY YET WED Wig
8o 0.506 0.645 10.96 | 1r.h2
51 0.202 0.687 10.80 | 11.26
82 0.2C6 0.685 10.86{ 11.31
83 0.193 0.697 20.85 ] 11.30
ah 0.201 0.696 20.67 ] 11.32
35 0.505 0.'729 10.95 i1.3o
86 0.211 0.665 10.93 | 11.35
&7 0.200 0.651 10.791 11.15
a8 0.203 0.650 10.58 | 10.77
89 0.188 0.619 10.50 | 10.66
90 0.203 0.599 10.59 | 10.75
o1 0.19% 0.6h0 10.42 | 10.57
sé
a
8
99

PRE FOST P3E - DAY PR - WET POCT = Wil

VET i | _TOP _RADALE ) EOTION DR PAIRH T Al IR E
1.08 | 1.05 | 0.001%} 0.0013| 0.COL3 0.0013 } 0.0017 0,001 ] 0.0013
1.08 { 1.05 | o.coah| 0.0013} 0.0013 0.0012 | 0.C011 0.COLk| 0.C013
1.08 | 1.05 | 0.C0t3| 0.COL3} 0.001Lk 0.0011 | 0.0011 0.0013‘ 0.COL:
1.08 | 1.05 | 0.0012} 0.0013} 0.GOL3 0.0012 | 0,0011 0.0013| 0.0013
1.07 1.06 0.COLL| 0.C013| 0.0013 0.¢c012 | 0.0011 0.C0L3 | 0.001k
1.08 | 1.07 | 0.0012{ 0.0013} 0.C0\3 0.0012 | 0.0012 0.0004{ 0.001%
1.08 | 1.05 [ 0.c012j 0.5013| 0.0013 0.0012 | 0.0012 0.0015| ©0.0oL:
1.09 | .03 | 0.0013} 0.COL3| 0.0013 0.0012 | 0.c011 0.c015| o.c01k
1.07 | 1.05 | 0.0011} 0.C0L2| 0.0011 0.0013 [ 0.0022 0.00L3 0.0013
1.07 | 1.03 | 0.0011} 0.00L21 0.001L 0.0013 | 0.0013 0.001Lh | 0.0013
1.08 | 1.05 { 0.colL2| 0.cOl2| 0.0011 0.0013 | ¢io012 0.001k | 0.0013
1.09 | 1.05 | 0.0012} 0,001 0.0011 0.0012 | 0.0013 0.0013 o'.0013
1..03 0.00Lh '0.0013

1.05 0.00Lh { 0.00Lh |

1.05 0.COLL | 0.0012

1.05 0.0013 | 0.001%

X1



TABLE 2 - SAMPLE EX-10 PROPERTIES

SPECTMEN CARBOXYLATE RATTO RESISTIVITY (~/INS/HIL.) TENSILE STRENGTH (PSI)
METHYLENE | :
TDENTTFIC ATTON STERILIZATION (HRS.) STERTLLZATION (HRS.) STERILIZATION (HRS.)
0 36 T2 108 0 36 T2 108 0 36 72 | 108
o .
Outside End )
Top 0.99 -
Middle . 0.60 1.26
Bottom 1.09 .
Inside End
Top
Middle
Bottom 0.59
80 0.57 1.2 0.0L7 0.007 1136
81 0.60 1.29 0.019 0.011 1099
82 0.60 0.99 0.01h 0.007 086
83 0.72 1.27 0.015 0.009 813%
8k 0.60 1.11 |0.015 0,007 ‘ 889
85 0.63 1.32 | 0.0Lk 0.004 - 1255%
86 0.58 1.21 |0.0Lk 0.00k 912
87 0.6k 1.65 10.016 0.006 850
88 0.60 L1.33 - 10.022 ]0.010 623%
89 0.65 1.81 0.01.8 |0.009 665%
90 0.59 1.21. 0.01.8 |0.008 733%
o1 0.66 .73 0.018 |[0.008 Brex
96 1099
91 10k8%
98 12605
99- l 11163

¥Failed in grip.



TADLE 3 -~ SAMPLY EX-11, WEIGHT AlD DIMERSIONS

»7

THICKNESS {IN.)

SPFCTHEN vETCHT (GMS) EENGIH {IN.) WIDTH (IN.)
ST TLIZALION SIERILIZATICN STERILLZATION STERILIZATION .

%0. |STERTL- | B2 Y FOST PRE PRZ FOST | PaE Br2 FOSE PER -~ DRY PRE - L TOST < Gar
To.ATION | DEY v JET DRY VETD UEP | DRY WET WAT TCP | VIDILA[ EGTTON §  ToP | KIDMLn | ECTION| TOP |1'1DOLE | BOTTOM
67 | 72 nrs.) 0.23%| 0.507 0.660 9.60 10.50 1 10.75 | 1.0 1.10 1.07 0.0013{ 0.COL2| 0.0012 | 0.0012 | 0.C0l2| 0.0013 | 9.0015]0.C0L3 0.0011;.
68 | 72 nrs.) 0.232] 0.613 0.693 9.45 10.k71 10,43 | L.00 1.08 1.05 | 0.0012| 0.CO12 0.0012 { 0.0012 | 0.0012{ 0.0013 | 0.0016]0.0016 { 0.00L6
69 | 72 hrs) 0.309| 0.765 | 1.136 | 9.50 10.30 | 10.65 | 0.59 1.05 | 1.02 | 0.0012 0.0012 | 0.CO13 | 0.0012 | 0.0013 | 0.0013 | 0.0016]0.0016 | 0.0007
70 | 72 nrs) 0.238] 0.620 | 0.619 | 9.75 | 0.45| 10.95 [ 1.00 | 1.06 | 1.02 | 0.C011| 0.C012| 0.0012 | 0.0012 0.0c012 | 0.0013 ] 0.0015}0.0017 | 0.0016
71 | 36 nrs) 0.233] 0.597 | ©.683 | 9.50 | 10.35 [ 10.77 | 1.00 | 1.07 | 1.05 | 0.6010} 0.0011} 0.COLL 0.0012 | 0.0013 | 0.0013| 0.001k|0.COLS5 | 0.0015
72 | 36 nrs|0.235] 0.588 | o0.743 | 9.85 | 10.57( 21.07 | 1.00 | 1.05 | 1.03 | 0.0012 0.0012 | 0.0012 0.co13 | ©0.0013{ 0.0012| 0.00150.0015 | 0.0015
73 | 36 nrs|0.23%| 0.622 | 0.689 | 9.7% | 10.514 20.95 { .00 | 1.07 | 1.00 | 0.0012} 0.0021| 0.C01L |0.C0L3 | 0.0023 0.0013 | 0.6015]0.0015 | 0.0015
74 | 36 nre) 0.230] 0.566 | 0.718 | 9.80 | 20.57| 10.97 | X.cO [ 1,06 | .01 | 0.0013] 0.0012] 0.0012 | 0.0013 | 0.0012 0.0012| 0.00L5 0.0015 | 0.0015
75 1108 hrs) 0.226{ 0.581 | 0.737 |- 9.%7 | 10.50| 10.90 [ 0.98 | 1.05 | .00 [ 0.0012| 0.0012 0.0012 | 0.0012 | 0.0013 | 0.0012; 0.0015 0.C0L6 { 0.00L6
76 [108 hrs.| 0.225] 0.650 0.842 9.63 0.01 | 10.8 | 1.00 1.10 1.03' 0.0002| 0.c012 | 0.0012 | 0.0013 | 0.001h | 0.0013 | 0.0017]0.0016 | 0.0016
77 |108 nrs)] 0.232] 0.592 | o.74 | 9.80 | 10.55] 11.35 | 0.99 | 1.07 [ 1.0% [ o0.0002] 0.C012 | 0.0012 [0.0013 0.0012 | 0.0013 | 0.0016]0.0016 | 0.0016
78 1108 nrsl 0.225] 0.6%0 0.679 9.66 10.35 { 10.80 { 1.00 1.08 { 1.00 0.0013 | 0.0012 | 0.0013 {0.0012 | 0.CO0L3 | 0.COL% { 0.0016|0.0017 0.00175
g2 | 0 hrs. 1.05 0.0013 | 0.0013 | 0.0013 E
93 | o nrs. 1.06 ’ 0.001k | 0.comk | 0.001k '-
o | O hrs. 1.06 0.001k | ©.,001% { 0.001h4 i
g5 | © hrs. 1.06 0.001L% | ©0.COLh: | 0.0013 1
i




TABLE &4 - SAMPLE EX-11, PROPERTIES

P epmaT CARBOXYLATE A SR I 1
SPECTMEN S RATTO RESISTIVITY (2/IN/rIL) . TENSILE STRENGTH (PSI)
IDENTIFICATION STERILIZATTON (HRS.). STERTLIZATION (HRS.) STERILIZATYON (HRS.)
0 36 2 108 0 36 72 108 0 36 -T2 108
Outside End
Top 0.53
Middle 0.59
Bottom 0.57
Inside End
Top 0.60
Middle 0.67
Bottom 0.66
67 0.56 0.67 0.01k4 0.010 kgl
68 0.5k 1.20 0.012 0.00k 673
69 0.5k 1.27 0.013 0.006 519%
70 0.57 1.06 0.012 0.003 Lo
7L 0.58 0.95 0.015 | 0.005 1016%
T2 0.55 0.91 .1 0.016 | 0.007 803 %
73 0.53 0.88 0.021 | 0.007 gOT*
T4 0.55 0.76 0.025 | 0.005 738%
75 0.57 1.2% | 0.016 0.006 ™3 .
76 0.55 1.65 | 0.015 0.007 758%
T7 0.54 0.94% | 0.009 0.010 829
78 0.56 1.09 | 0.011 0.010 8o6%
92 1124
93 910
ol 1031*
25 ' 1061%

*?a;led in grip.
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TASLE 5 - SAMPLE 2B, WEIGHT AND DIMENSIONS

SPECIMEN "VWEIGHT (G¥S) LENGTH (IN.) WIDIH (IN.) 3 TRICKRESS (TiF.)

K0.| STERIL-| STERTLIZATION STERILIZATION STERILIZATTION ; STERILIZATION

100] 36 hrs.j0.220| 0.608 0.740 9.60 10.52] 10.91 ] 0.97 1L.051 1.02 0.0012| 0.0011} 0.0012] 0.0012 0.c012 | o.o01k| 0.c016] 0.c016 0.0017

101| 36 nrs.o.227} 0.712] o.7+ | 9.60 | 10.h5] 10.95| 0.98 1.05| 1.05 0.6011 0.0012 0.0012] 0.0012 5.0013 0.0013| 0.0017} 0.0017} 0.0017

102| 36 hrs.[0.232] 0.771 0.756 9.8 10.731 11.32} 0.97 1.06} 1.03 | 0.0013| 0.0013 0.0013| 0.C012]| 0.0013 6.0013 0.0015{ 0.001€ 0.0016

103! 36 hrs.o.222} 0.702] O0.773 | 9.T7 16.67 11.30{ 0.98 1.05% 1.02 .0.0011 0.0012 0.0012| 0.0012 0.0013 0.001%| 0.0015| 0.0017 L0017

1okl T2 hrs.b.230 0.725 0.807 9.76 10.771 11.25 | 0.98 1.06' 1.05 0.0012| 0.0013 ] 0.0013 | 0.0012 :0.0013 | 0.001k| 0.c016 0.0017 .0016

105! 72 hrs.[0.216] 0.6621  0.757 9;85 10.65) 11.12 | 0.99| 1.05| 1.00 | 0.001L| 0.0012{ 0.0012} 0.0012 0.0012 { 0.0013 0.0016| 0.00L7} 0.0016

106| 72 nrs.|0.221 0.723 0.80h | 9.89 10.771 1l.22 | 0.99 1.051 1.03 0.0012} 0.0012}| 0.C013 | 0.0012 0.00#3 0.0015| 0.0016] 0.C01§ 0.0018

107| 72 hrs.}0.230] 0.815] 0.975 |10.00 10.85] 11.30 | 1.00] 1.06 | 1.03 | 0.c0l2 0.0012I 0.0012 [ 0.0012 Q.ooﬁ3 0.0013 =o.ooi6 0.COLT7] 0.0016

108|108 nrs.o.21k | 0.817! 0.579 | 9.97 | 10.83] 11.h7 0.98] 1.05 1.00 | 0.0011} 0.0011{ 0.0012 0.0011 5.00%2 0.0011| 0.0015{ 0.0015 .0015

109|108 nrs.jo.222| 0.759] o0.657 | 9.89 | 10.80} 11.20| 0.99} 1.08| 1.01 | 0.0011} 0.C0L3 do.0012 0.0012} 0.0015 | 0.0012| 0.0017 ol001ﬁ .0015

110}108 hrs.ozelﬁ 0.803| 0.573 - 9.86 | 10.72] 11.30} 0.98| 1.05| 1.01 | 0.001% 0.001ef 0.0012 | 0.0011 o.ooﬂs 0.0012| ©.0016] 0.001€| 0.0016
- 1111|108 nrs.[|0.222 6.651 0.592 | 9.85 10.78} 11.318 ] 0.98| 1.05{ 1.0L | 0.0011 0.0013; 0.0013 | 0.0013 6.ooi3 0.0013]| 0.0019] 0.001S 0.0019

112| 0 hrs. 1.07 T 0.0013| 0.003% | 0.0013 )

113| O hrs. 1;95 f 1 0.0012 é.oqi3 ~ 0.0012

114} O hrs. 1.06 i 0.0013 @.ooiu 0.001k

15| omes. - 1.02 : 0.0012 '¢.0012 0.0013

L



TABLE 6 - SAMPLE 2B, PROPERTIES

Yo

' . CARBOXYLATE A 1l N ~ >
SPECTIMEN SEm . RATIO RESISTIYITY (e /183 /MiL) TENSILE STRENGTH (PSI)
IDENTIFICATION STERILIZATTON (HRS.) STERILIZATION (HRS.) STERILIZATION (HRS.)
0 36 72 108 0 36 72 108 0 36 72 108

outside End '

Top 0.69

 Middle 0.88

Bottom Q.57

100 0.66 1.92 0.015 | 0.008 o30

10L 0.68 1.52 0.019 | 0.009 1031

102 0.62 | 1.80 0.006 | 0,005 1068

103 0.65 1.57 0.007 | 0,006 957

10k 0.63 1.81 0.007 0.007 105k

105 0 .66 1.58 0.016 0.007 1199

106 0.65 1.58 0.013 0.005 755%

107 0.65 1.89 0.016 0.006 1032

108 0.68 1.3% 0.024L" 0.007 Olilps¢

109 0.68 0.83 0.016 0.005 1155

110 0.68 0.97 | 0.016 0.006 866%

111 0.68 0.78 0.015 0.006 703%

112 0.63 1510

113 . 0.62 1286%

114 0.59 1260

115 0.64 1410

¥Pailed in grip.
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" samples 1A, 2C, and 3B wvas asscssed on the basis of infrared spectrograms

made at random locations across specimens cub from the ends of the samples
as processed. The spectrograms of these samples were essentially identi-

cal to all other spectrograms of unsterilized material from samples Ex~10,
“Ex-~1l,; and 2B, Ratios of carboxylate to methylene peaks were essentially

the same as shown in Table 7.

(N
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TABLE 7 - CARBOXYLATE/METHYLENE RATIOS FOR 14, 2C, AND 3B

SPECIMEN IDENTIFICATION

END CF ROLL

QUTSIDE INSID=
SAMPLE 1A
TOP 0.56
MIDDLE 0.55
BOTTOM 0.5k
SAMPLE 2C
TOP 0.66
MIDDLE 0.65
POTIOM 0.60 0.7h
SAMPLE 3B
© TOP 0.57 0.58
MIDDLE 0.53 0.71
BOTTOM 0.52 0.6L
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