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In compliance with the requirements of Purchase Order CA-384807 issued 
by Jet Propulsion Laboratory to the Lockheed-Georgia Company, approxi
mately 240 lineal feet of battery separator material were processed, 
tested, and suppjied to Jet Propulsion Laboratory by the Loclkeed Georgia 
Nuclear Laboratoty.
 

This report describes Tme process usea in preparing the material and 
presents result9 of tests of the battery separator material 'furnished 
under this p4rdjlase order. 
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1.0 INTRODUCTION
 

Continuing interest exists in development of specialized battery 
separator materials for use in a number of modern batteries, particu
larly for those employed in space applications. A previously conducted 
research and development study for the Jet Propulsion Laboratorj (as) 
by Radiation Applications, Ync., indicated that an acceptable battery
separator material could be prepared by crosslinking polyethylene film 
with divinylbenzene followed by grafting with acrylic acid using gamma 
irradiation to effect the crosslinking and grafting.
 

As part of its effort to establish 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 procedares. The 
suitability of the processed material for its intended application was 
to be evaluated by measurements of changes in physical dimensions 
resulting from multiple steriliza-ion cycles in 40 percent potassium 
hydroxide solution at 1450C, by thQ absorbance ratio of the carboxyl 
group to the methylene group using infrared spectroscopy, by the wet 
tensile strength, and by the electrical resistance. The limiting
 
criteria for acceptable material specified by JPL were a minimum
 
tensile strength of 700 psi and a maximum electrical resistance of
 
0.060 ohms per square inch per mil thickness.
 

Material processed at the Lockheed Georgia Nuclear Laboratory (LGIL)
 
in conformance with processes and procedures specified by JPL did not
 
meet the criteria for maximum electrical resistance. Furthermore, the
 
desired carboxyl salt peak did not appear in the I spectrograms, but 
instead, a carboxylic acid peak was present. A modification of the
 
JPL procedure uas developed by LGNL vhich allowed consistent production
 
of material that conformed to the electrical resistance and tensile
 
requirements and had IR spectrograms exhibiting the desired 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 LGITL 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 
material furnished under Purchase Order CA 384807 are presented followed 
by descriptions and results of tests performed.
 



2.0 PROCESSING PROCEDURES 

The battery separator material was prepared from polyethylene film 
supplied by jPL. The density of the film was 0.917> its nominal thick
ness was 0.001 inch, and its width was 13 inches. Processing of the 
polyethylene film comprised crossliking in divinylbenzene solution by
 
exposure to garma radiation folloed by converting the crozslinked 
material into a grafted polymer by irradiating in an acrylic acid 
solution using a gmrsa source. Daring irradiations the film was wound 
in a helix usin. a special crepe paper toweling furnished by JPL as a 
separator. This paper separator also acted as a wick to maintaina 

.supply of either the crosslinking or grafting solution in contact 
,with the film surface. Between the crosslinking and grafting irradia
tions the film irvs rinsed in benzene; folloing the grafting irradiation 
it was washed first in hot potassium hydroxide solution and then in hot
 
water. 'These operations required the special equipment described in
 
Section 2.1; processing details are presented in Section 2.2.
 

2.1 Special Equipment 

The handling equipment used for rolling the polyethylene film and paper
 
toweling into a helix suitable for processing in standard test tubes
 
(65 mm diameter X 500 mm long) is sho-m in Figure 1. Th.e paper and 
film were concurrently passed from the supply rolls through the guide
 
rolls onto a 0.5 inch diameter stainless steel tube used as a core for
 
the helix. With this equipment the film, from the upper supply roll, 
was positioned so that the paper extended approximately 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 the paper toweling and transfer of the film to The racks 
used for supporting the film during the rinsing or washing operations.
 

The wash racks were so constructed that the fim wras supported and 
separated from adjacent layers during rinse and wash operations by 
stainless steel wire cloth ,fnich permitted circulation of the rinse or 
wash liquids to all surfaces of the film. One rack loaded with film is 

- shown being 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 36.5 inches long was used. Two similar tanks insu
lated on the outside with 2 inches of styrofoam with a 4-inch thick
 
styrofoam cover and fitted with stainless steel steam coils on the inside
 
,of the bottom were used for the potassium hydroxide solution and water
 
w-ashes. Temperatures of 80 - 50C were maintained during the washing 
cycles.
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apply a 25 psi load during all measurements. Length and width measurements
 
were made with a stainless steel rule graduated to 0.01 inch.
 

Specimens were sterilized in stainless steel containers heated in an oven
 
in inich the temoerature was naintaincd at !45 .dring, strili20C each 

zation -cycle by a Leeds and orthrup Speedomax G oven controller ,,ith a

1.5 millivolt span and a suppressed zero. Pre-sterilization armD-up and 

post-sterilizat'on cool-do-%m of the oven was controlled irith a synchronous
 
driven programmer that su~pplied a bucking voltage to the controller and
 
also regulated oven dampers such that varm-up was effected uniformly
 
over a 1-hour period and cool dorn was at a uniform rate over a 2-hour
 
period.
 

3.2 Test Procedures
 

Although a few continuous infrared spectrograms were mnnade, only spectral 
measurements between ave lengths of 2.5 and 4.0 microns and 5.5 and 7.0 
microns were made on most specimens since the met'nylene and carboxyl 
peaks pertinent to evaluation of the battery separator zaterial weere de
fined within these wave length ranges. As specifled in the purchase order 
the ratio of the carboxyl peak to the methylene peak was calcul;tcd. The 
method used to establish a base line for each peak is illustrated in 
Figure 9. in this figure the upper spectrogram is for unsterilized
 
material and the lower snectrogram is for a specimen from the sane sample 
of material after sterilization for 72 hours in 40 percent potassium 
hydroxide solution at 1450C. BotCh the carboxyl and methylene neaks of
 
'the two spectrograms are superimposed, but the base lines are auite
 
different. The difference in ratios (0.6 for unsterilized material and 
0.8 for sterilized material), therefore, is due to the change in base
 

line rather than to any difference in energy transmission at the perti
nent wave lengths. These spectrograms are typical for all material
 
supplied. The energy transmission at the maximum absor'bance for both
 
the carbo-jl and methylene peaks ias in the range 0.1 to 1.5 percent
 
transmission for all specimens tested.
 

Electrical resistance measurements were made using the previously described 
equipment in accord with the folloring typical procedure. Since the measure
ment cell was filled ith deineralized water during overnight storage, 
before using the cell for measurements the water was drained and the cell 
was filled with h0 weight percent potassium hydroxide solution. To ensure 
that the electrolyte used for measur-ements was of the desired concentration, 
the cell vas filled with 40 percent potassium hydroxide from -he reservoir, 
allowed to soak for 5 minutes (minimum) and the electrolyte drained and 
discarded. This operation as repeated twice. After the third filling 
the cell resistance was measured. - The cell was again drained, refilled 
with fresh electrolyte and the cell resistance again measured. If these 
two measurements agreed within 0.05 ohms the cell was ready for specimen 
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measurements. The electrolyte was returned to the reservoir and a test 
specimen was Lounted in the cell that the area ueasured randomlyso was 

selected with respect to length of the specimen (specimens were cut 

perpendicular to the length of the processed film) and uas at least 
0.125 inch from any specimen edge, the cell iras closed, the "rng nuts 
tightened -o finger tight, and the cell filled with electrolyte to at 
least 0. 250 inch above the electrodes. The bridge was then balanced 
for both capacitance and resistance to produce a null indication on 
both the phase angle difference and impedance indicators. IKhen tche cell 
resistance drift vas observed to be less than 10 milliohms in a 15 second 
period the decade resistor value was recorded as Che total cell and sample 

resistance. Electrical resistances were measured at 250 ± 0.30C. The
 

termerazure of the electrolyte in the cell was recorded to the nearest 
0.10C at the time of this measurement. Empty cell resistance vas 
determined by repositioning the specimen so that a 0.313 hole in the 
specimen was alligned irith the 0.250 hole in the cell face and measuring 
-6he resistance as before. The resistance of the specimen was computed 
as folloirs: 

0- 1 - fl2,) A 
Ux 1,000
 

vThere: n 

Resistance of sample
 
R1 = Resistance of sample and cell (- ) 
R2 = Resiszan e of empty cell (--)
 

A =Area (in)
 
t= Thickness of sample (in) 

Tensile strength measurements were made on a portion of the sample used 

for resisance measurements. Tensile specimens were nominally 1-inch wide 
and were tested over a 2-inch unfor, idth gage length. A load cell was 

used ifhich provided for a 5 pound load over the full scale of the recorder. 
A number of specimen failures occurred at or with-in the grips. Although 
some failures of this type were presumably due to the uniform cross 
section between the grips, premature failures were to a great extent due 
to solution evaporation on the grips derositing minute crystals of potas

sium hydroxide which tended to cut the film and initiate failure. After 
this phenomenon vas observed the grips were wshed between tests thereby 
reducing the number of premature failures at the grips.
 

The specimens subjected to sterilization were coded for identification
 

and placed in appropriate stainless steel sterilization containers
 
according to the number of sterilization cycles to which they were to be 
subjected. The containers which incorporated screens that ensured that 
the specimens were completely submerged during sterilization, were filled 

with 40 percent potassium hydroxide solution, scaled and placed in the 
oven for sterilization.
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Twelve specimens from each of samples Ex-O1, Ex-li, and IB were subjecte. 
to sterilization as follows: 

4 specimens 1 cycle 36 hours 
4 specimens 2 cycles 72 hours 
4 specimens 3 cycles 108 hours
 

Each sterilization cycle included I hour rarm up time, 36 hours at 145 ±
 

29C, and 2 hours cool dotm.
 

3.3 Test Results
 

fhe battery sepa~rtor material furnished under Purchase Order CA 384807 
wns processed in 6 sample lengths designated Ex-O1, Ex-1, 1A, 2, 2C, 
and 3B. A complete set of 10 specimens were cut from near one end of 
each of samples Ex-10, Ex-l1, and 2B. Four specimens from each set were 
tested after the following treatments: 

" Unsterilized
 
* Sterilized for 36 hours in..O percent XO at 145C.
 
* Sterilized for 72 hours in 40 percent KOH at 1450C.
 
* Sterilized for 108 hours in 40 percent KOHI at 1450C.
 

On the unsterilized specimens wet width, wet thickness, and tensile 
strength were measured. On the sterilized specimens weight, leng(th, 
width, and thickness were measured drj and wet before sterilization and 
wet after steri-ization; infrared spectra and electrical resistance were 
measured both before and after sterilization; and tensile strength -ms 
measured after sterilization. The data are presented in Tables 1 through
 
6. 

Electrical resistances of all specimens were well below the specified 
maximum. Tensile strengths of all specimens that did not fail in the 
grips were above the desired minimum; of those specimens that did fail 
in the grip only six failed at loads below the minimum. Tensile strength 
values obcained from such snecimens do not represent the actual strength 
of the material since this type failure is usually initiated by damage 
to the specimen by the grip. 

Results 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 material exhibi
ting certain carboxylate salt and methylene peaks also exibited the 
desired electrical resistance characteristics. Comparison of infrared
 
spectra and electrical resistance of the material initially processed
 
ifnich failed to meet electrical resistance requirements, as discussed in 
Section 2.2, further indicated the correlation between infrared spectra
 
and electrical resistance properties. Therefore, the uniformity of
 



TflLE I - SA ,IE X-1 0, VEIGhT POID DIMfSIONS 

".LTLI'VTOl- STF'II:r.TZAqIO - STEILZATION ST_1TITZVEION 
1:0STEIRn.-

IZATICH 
Fi Z 
DRaY 

iZz 
WET 

POST 
WET 

PRiE 
MfY 

PR:E 
WiL 

POST 
T 

FlEB 
DRY 

PRE 
WET 

POST 
Wj.! '11? 

-ADRlY 
VdI~fr llO-o- 'CO 

B ET14."T 
CV ro't- -lo 

PC
:u-ix 

80 72 or0 o2060.567 o.645 9.72 o06 11.42 o.9 1.08 1.05 o oo 0.00-13 0.0013 0.001.2 0.0013 0.00V, 0.0015 ooo1 0.0013 

81 72 h s .0.202 0.577 0.687 9.77 10.80 11.26 0.99 1.08 1.05 0.oo 0.0013 0.0013 0.0012 0.00)2 0.o011 0.0014 0.C014 0.0013 

82 72 br. 0oC,6 0.600 0.6 6 9.75 o.86 11.31 0.o8 1.08 1.05 0.0013 0.0013 0.0014 0.0012 0.0011 0.0011 0001, 0.0013 o oo1 

83 72 ra. 0.193o0.674 o.697 9.77 10 85 11.30 o.93 1.08 1.05 0.0012 0.0013 oo13 ooo 0.0012 0.OOU 0.ooo1 0.0013 0.0013 

84 108 hrs, 0.-201 0.550 o.696 9.68 10.87 11.32 0.03 1.07 i.o6 0.-0014; 0.0013 0.0013 0.0013 0.0C012 0.0011 oc 0.00C13 0.0014 

58 ibr. 0.205 0.651 0.'29 9.88 0.95 11-30 0.99 1.08 1.07 0.0012 0.0013 0.0613 0.0o1 0.0012 0.0012 0.0013 0014 0.003A 

86 108 hrs. 0.231 0.638 o.665 9.93 10.93 11.35 1.00 1.o8 1.05 0.0032 0-9013 0.0013 0.0012 0.0012 0.001.2 0.015 0.0015 0.0014 

87 1o8 hr. 0.200 0.566 o.651 9.78 10 79 11.15 0.99 1.09 .03 0.0013 oo13 0. 0013 0.0012 0.0022 0.0011 0.0014 0.0015 o.0014 

8 36 h .0.203 0.622 o.6gc 9.79 10.58 10.77 1.00 1.07 1.05 0.0011 0.0012 0.0011 0.0013 0.0013 0.0012P 0.0014 0.0013 0.0013 

89 36 h . 0.188 0.534 0.619 9.77' lo.0l 0.66 1.o0 1.07 1.03 0.OOfl 0.0012 0.0011 0.0013 0.0013 0.0013 0 .0130-0014 0.0013 

90 36 h . 0.203 0.622 0.599 9.83 10.59 10.77 1.00 1.08 1.05 0.0012 0.0012 0.0032 0.001.2 .0013 0;OO 0.0o14 o.ooi1 0.0013 

91 36 ,ir 0.14 0.51 o 64o 9.74 10.42 10.57 1.00 1.09 1.05 oo12 0.0011 0.001i 0001L 0.001P 0.0013 0.0013 0.0013 0.0013 

6 0 br. I -03 0.0013 oo601 0.0013 

97 0 hrs. 1.05 0.0o1 0.0014 0.0014 

9 0 brs. 1.05 0.0013 0*. 00012 
99 .0 bra. 1.05 0.0013 0.0013, 0.ooi14 



TABLE 2 - SAi.2LE EX-10 PROPERTIES 

SPEC, CARBOXYLATEMETHYLENTE RATIO RESISTIVITY TENSILE STRENGTH (PSI) 

IDENTIFICATION STERILIZATION (BS.) STERILIZATION (HRS.) STERILIZATION (IMS.) 

0 36 72 108 0 36 72 108 0 36 72 io8 

Outside End 
Top
,Middle 
Bottom 

0.60 
0.99 
1.26 
1.09 

Inside End 
Top 
Middle 
Bottom 0.59 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
96 
97 
98 
99, 

0.57 
o.6o 
0.60 
0.72 
o.60 
0.63 
0.58 
o.64 
o.6o 
o.65 
0.59 
o.66 

-.L33 
1.81 
1.21 
1.73 

1.1-2 
1.29 
0.99 
1.27 

1.11 
1.32 
1.21 
1.65 

0.017 
0.019 
O.014 
0.015 
0.015 
0.011 
0:014 
o.o16 
0.022 
0.018 
o.o18 
0.018 

0.010 
o.009 

0.008 
o.008 

0.007 
0.011 
0.007 
0.009 

0.007 
o.004 -
0.004 
o.o06 

1098* 
lo48* 
1262*1116

623* 
665* 
733* 
872* 

1136 
1099 
986 
813* 

889 
1255* 
912 
86o 

*Failed in grip. 



T'AME 3 - SA 22 LX-)1, WEIOiH AND DII"aSIONS 

-- FRN-O rT (04s) LEiOUG (In.) nvrn (Il.) THICMESS (Il.) 

"o. Sq'-nm-
IZATOION 

Pli"-
DRY 

SZYLIZA'f.l0N _ 

LE POST 
WET 

STERILIZATION 
PRE I PRE POS 
DRY T 

STE2ILIZATION 
NE Pjip OSTSL'E 
DRY WET tT TOP 

- DRY 
IDDr 

o 
BOTTOM 

STERfl 4IZATI0U 
___o - W oiS 

TOP 1( i ' TOP 
POST -
I'1Lf 

t.'E 
BO'If2 

67 72 hrs. o.-34 0.507 0.660 9.60 10.40 10.75 1.00 1.10 1.07 0.0013 0.0012 0.0012 0.0012 0.0012 0.0013 0.0015 0.0015 0.0014 

68 72 hrs. 0.232 0.613 0.693 9.45 10.47 10.43 1.00 1.08 1.05 0.0012 0.012 0.0012 0.0012 0.0012 0.0013 o.oo6 0.0016 0.0016 

69 72 hrs. 0.309 0.765 1.136 9.50 10.30 10.65 0.99 1.05 1.02 0.0012 0.0012 0.0013 0.0012 0.0013 0.0013 o.oo16 0.0016 0.0017 

70 72 hrs. 0.233 0.620 0.619 9.75 10.45 1095 1.00 1.06 1.02 0.0011 0.0012 0.0012 0.0012 0.0012 0.0013 0.0015 0.0017 0.0016 

71 36 hrs. 0.233 0.597 0.683 9.50 10.35 10.77 1.00 1.07 1.05 0.0010 0.0011 0.0011 0.0012 0.0013 0.0013 0.0014 0.0015 0.0015 

72 36 hrs. 0.235 0.588 0.743 9.85 10.57 .11.07 1:00 1.05 1.03 0.0012 0.0012 0.0012 0.0013 0.0013 0.0012 0.0015 0.0015 0.0015 

73 36 hrs. 0.231 0.612 o.689 9.74 10.51 10.95 1.00 1.07 1.00 0.0012 0.0011 0.0011 0.0013 0.0013 0.0013 0.0015 0.0015 0.0015 

74 36 hrs. 0.230 0.596 0.718 9.80 10.57 10.97 1.00 i.o6 1.01 0.0013 0.0012 0.0012 0.0013 0.0012 0.0012 0.0015 0.0015 0.0015 

75 108 hrs 0.226 0.581 0.737 9.47 10.50 10.90 0.98 1.05 1.01 0.0012 0.0012 0.0012 0.0012 0.0013 0.0012 0.0015 0.0016 0.0016 

76 108 hrs. 0.225 0.650 0.842 9.63 10.41 10.85 1.00 1.10 1.03 0.0012 0.0012 0.0012 0.0013 0.0014 0.0013 0.0017 0.0016 0.0016 

77 108 hrs. 0.232 0.592 0'7114 9.80 10.55 11.15 0.99 1.07 1.04 0.0012 0.0012 0.0012 '0.0013 0.0012 0.0013 0.0016 0.0016 0.0016 

78 108 hrs. 0.225 0.64o0 0.679 9.66 10.35 10.80 1.00 1.08 1.00 0.0013 0.ob12 0.0013 0.0012 0.0013 0.0014 o.oo16 0.0017 o.oo17 

92 O'hrs. 1.05 0.0013 0.0013 '0.0013 

93 0 hrs. 1.o6 0.0014 O.CO14 0.0014 

94 0 hrs. i.06 0.0014 0.0014 0.0014 

95 0 hrs. 1.06 0.0o14 0.0014 0.0013 

V 



TABLE 4 - SAMPLE EX-11, PROPERTIES 

SPECIMEN CARBOXYLATE RATIO RESISTIVITY (--/IN2/,-[L). TENSILE STRENGTH (PSI) 
.lETHYLFNE 

IDENTIFICATION STERILIZATION (HRS.). STERILIZATION (gaS.) STERILIZATION (HRS.) 

0 36 t2 108 0 36 72 108 0 36 -72 108 

Outside End 
Top 0.53 
Middle 0.59 
Bottom 0.57 

Inside End 
Top O.60 
Mliddle o.67 
Bottom o.66 

67 0.56 0.67 O.14 0.010 454* 
68 O.54 1.20 0.012 O.o4 673* 
69 o.54 1.27 0.013 o.o6 519
70 0.57 i.o6 0.012 0.003 460* 
71 0.58 0.98 0.015 0.005 i016-x
72 0.55 0.91 .016 0.007 803* 
73 0.53 o.88 0.021 0.007 907* 
74 0.55 0.76 0.025 0.005 738* 
75 0.57 1.2 4 .016 o.xo6 743 
76 0.55 1.65 0.015 0.007 758* 
77 0.54 0.94 0.009 0.010 829 
78 0.56 1.09 0.011 0.010 806 -

92 4* 
93 
91j
95 

910 
1031* 

I61. 

*Failed in grip. 



TABLE 5 - SPIPLE 2B, WEIGHT MTD DIt-ENSIOSrN 

sPEcIMEN "EIGHT (0145) LENGTH (IN. XIJH (lF.) T-C ,fSS (1W.) 

SPECMENILIZA -T IiON TRIIZATIO ________________ 

No. STEIL-

IZATION 

STERILIZATION 

PRE PRE POST 
DRY VIET WT 

STERILIZATION 

PRE PRE POST 
DRY .PET WET 

STERILIZATION 

PRE I PRE: . POST 
DRY VET WET 

PRE-DRY 
_ _ 

STERILIZATION 
. ,PRE-iT 

__T 

POST-ET 

100 36 hrs. 0.220 0.608 0.740 9.60 10.52 10.91 0.97 1.05 1.02 0.0012 0.0011 0.0012 0.0012 0.0012 0.0014 o.0016 0.0016 0.0017 

101 36 hrs. 0.217 0.711 0.744 9.60 10.45 10.95 0.98 1.05 1.05 0.0031 0.0012 0.0012 0.0012 0.001S 0.0013 0.0017 0.0017 0.0017 

102 36hrs.0.232 0.771 0.756 9.84 10.73 11.32 0.97 i.o6, 1.03 0.0013 0.0013 0.0013 0.0012 0.0013 0.0013 0.0015 o.ooi6 o.oo6 

103 36hrs.0.222 0.702 0.773 9.77 10.67 11.30 0.98 1.O5i 1.02 0.0011 0.0012 0.0012 0.0012 0.0043 0.0014 0.0015 0.001 0.0017 

104 72 hrs. 0.230 0.725 0.807 9.76 10.77 11.25 0.98 1.o6 1.05 0.0012 0.0013 0.0013 0.0012 0.003 O.oo4 o.co16 o.oo o.oo6 

105 72 hrs. 0.216 0.662 0.757 9.85 1o.65 11.12 0.99 1.05 1.00 0.0011 0.0012 0.0012 0.0012 0.0012 0.0013 o.o016 0.001 o.oo6 

io6 72 hrs. 0.221 0.723 0.804 9.89 10.77 321.22 0.99 1.05 1.03 0.0012 0.0012 0.0013 0.0012 0.0013 0.0015 o.oo16 0.001l o.ooi8 

107 72 hrs. 0.230 o.815 0.975 10.00 10.85 11.30 1.00 1.06 1.03 0.0012 0.0012 0.0012 0.0012 0.0043 0.0013 %.o.oo16 0.0017 o.oo6 

108108 hrs. 0.214 0.817 0.579 9.97 10.83 11.47 0.98 1.05 1.01 0.00ll 0.0011 0.0012 0.0011 0.0012 0.0011 0.0015 0.0015 0.0015 

109 108 hrs. 0.222 0.759 0.657 9.89 10.80 11.20 0.99 1.08 1.01 0.0011 0.0013 0.0012 0.0012 0.0015 0.0012 0.0017 0.001E 0.0015 

110 108 hrs. 0s217 0.803 0.573 9.86 10.72 11.30 0.98 1.05 1.01 0.0011 0.0012' 0.0012 0.0011 0.oo1 3 0.0012 o.oo16 o.ooi6 o.oo16 

111 108 hrs. 0.222 o.651 0.592 9.83 10.78 11.18 0.98 1.05 1.01 0.0011 0.0013 0.0013 0.0013 0.0013 0.0013 0.0019 0.0019 0.0019 

112 0 hrs. 1.07 0.0013 o.oo4 0.0013 

113 0 hrs. 1.05 0.0012 0.00.3 0.0012 

114 0 hrs. i.o6 0.0013 6.ooi4 0.0014 

115 0 hrs. - - 1.02 0.0012 0.0012 0.0013 



TABLE 6 - SApiLE 2B. PROPERTIES 

SPECIM N CABOX ATEb TEYLEh1 RATIO RESISTIVITY (^. /IN 2 /M1L) T2ISILE STRENGTH (PSI) 

IDENTIFICATION STERILIZATION (ERS.) STERILIZATION (HRS.) STERILIZATON (HRS.) 

0" 36 72 108 0 36 72 108 0 36 72 108 

Outside End 
Top 
Middle 
Bottom 

o.69 
0.88 
0.57 

100 
101 
102 
103 
4 

105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 

o.66 
o.68 
0.62 
o.65 
o.63 
o.66 
o.65 
o.65 
o.68 
o.68 
o.68 
o.68 
o.63 
0.62 
0.59 
o. 64 

i.92 
1.52 
1.80 
1.57 

1.81 
1.58 
1.58 
1.89 

i.34 
0.83 
0.97 
0.78 

0.015 
0.019 
o.o6 
0.007 
0.007 
o.o16 
0.013 
o.o16 
0.024 
O.o16 
o.o6 
0.015 

0.008 
0.009 
0oo6 
o.oo6 

0.007 
0.007 
0.005 
o.o6 

0.007 
0.005 
0.006 
o.oo6 

1510 
1286* 
1260 
141o 

98o 
1031 
1068* 
957 

1054 
1199 
755* 

1032 
944* 

1155 
866* 
703* 

*Failed in grip. 



samples lA, 20, and 3B vas assessed on the basis of infrared spectrograms 
made at random locations across specimens cut 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-lO, 

'Ex-ll, and 2B. Ratios of carboxylate to methylone peaks were essentially 
the same as shown in Table 7. 

a,
 



TABLE 7 - CARBOXYLATE/METHYLENE 

SPECIMEN IDENTIFICATION 

SAMPLE ILA
 
Top 
MIDDLE 

BOTTOM 

SAMPLE 2C 

TOP 

M[IDDLE 

BOTIOM 

SAMPLE 3B 
TOP 
MIDDLE 

BOTTOM 

RATIOS FOR 1A, 2C, AtD 3B 

END OF ROLL 
OUTSIDE INSIDE
 

0.56 
0.55
 
05
 

o.66
 
o.65 
o.6o 0.74 

0.57 0.58 
0.53 0.71
 
0.52 o.64 
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