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ELASTOMERS FOR USE IN RADIATION FIELDS

Iv. Effect of Gamma Radiation on Heat Resistant Elastomers -

- ot ~"«,

I R

" This is the second in a series of articlos conceming tho effects of 1onizing rad-ﬂ"
iation on elastomers and some rubbor-ltko plaatics materials.n ﬁhls Article presen_

vere arbitrarily select.ed as being representative of elastomers which can operate in

‘air or fluids at-temperatures of 125 c and,abovn”tbr prolonged periodg,vithcnc“‘a*ng;L;A»n~
adversely affected, = - : - o

- - s (I S Y S WL A G P e e A e, e

the subject of radiation damage to organic polymers, outl.ined the method of measnri.r. :
physical property changes, presented two sections concerning some basic consideraticns‘
(post irradiation effects and effact of dose rate), and present.ed ona aection on th&v
slress uxaua;ug of ¢laslomers induced by gamma raﬁiatxon( 2 Tals artxcxs presenus
data on the effects of gamma radiat.ion on elastuners which hnve been arbitrarily

classed as heat resistant. This designaticn incluﬂea those materials 'tfhich can bo
used for service in air or certain fluids at 125 c or higher for prolonged periods

without being adversely affected, They were 3olected both from the mn.facturers'

technical literature and a series of screening tests(a), There are other materials

which could fall into this category, but for convenience in classifying and grouping, '
these materials (e.g., some formulations of acrylic and chlorosulfonated polyethylene
elastomers) will be treated in future articles.

MATZRIALS EVALUATED

The materials used ;‘or the gamma irradiation studies reported herein are

listed in Tablie 1. They are grouped in accordance with the general chemical typo
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of the base polymer used in each material, and whers possible; a brief description -
is given. The materials which are not proprietary items are described more com-

pletely in Table 2 which gives recipes and cure schedules, The information given

in Table 2 is of prime interest in that it offérs an opportunity to asses the role."[”“‘ .
of the various compounding materisls on the base polymer. In the case of proprietary .
materials this information caﬁ be obtained, although not nearly as compfehensively;'
by observing the effects of varying factors such as filler loading, curessystgi,gahd“ﬂ

post curing schedules on the radiation induced changes occuring in“thernatefialséft

This is exemplified by the studies carried out with Union Carbide's K-10LO series
and to a lesser extent with General Electric's 300 series silicone elastomefs.
Excellent work in the field ol studying the effects of radiation on compouhding’mat
erials is being carried out currently by Born(a) |

EXPERIMENTAL

The studies reported herein were designed to provide information on the )
room tempsraturs radiation resistance of the elastomers both for screeningApurposas iﬁV"“
and for future use when the irradiations will be carrisd out at elevated iemperaturéé;

All materials were exposed to gamma radiation ard evaluated by recording changes in 1
physical properties as described previously(l). For all irradiations up to and in- S
cluding 1 x 108 r a Cobalt-50 isotope scurce at Hanford was used. For the higher
irradiations spent fuel elements of the Materials Testing Reactor (MTR) were used.

This latter source was used for the higher doses because the higher dose rates ob-
tainable at the MTR very significantly reduced the amount of irradiation time. The

results obtained from the irradiation of the same material to the same dose from

both sources agres close enough so that it can be assumed that the experimental re- .

sults obtained are independent of the two sources(l).
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The data obtained from exposing the materials listed in Tatle 1 to variousé?'

doses of gamma radiation in air at 25 C at normal atmospheric pressure is presented

in Table

a2

. This Table shows physicel property chenges induced by expcsure to gamma

iginal property values which are givcn opposite zero irradiatim dsw. ).Imi nbown

- -y

DISCUSSION

the materisls broadly classified as heat rosi{stsnt elastomers. In most cases short .
doses, and in some cases intermediate doses do not affect the usifulness of the mat.
erials to any great extent, but on continued exposure all of tha 'mtoﬁfsii exmined} .
are more or less severel damaged depending upon ihsir chemical conposition. 7The dat»&
also compare the effects of ionizing radiation ¢ diffmm. classes of muthla as ‘

well as materials within a claas., This will e 2i5:ussed in more detail on the follw-‘}gg_w_

ing pages. Additional information of the effects of inizing radiation on materisls
and details on the mechanisms of radistion damage can be obtainad i s grsel vmbar
of excellent articles in the literature. Typical examples of these articles and
general review articles ars clted for refererce purposas«”?’a’%w’u).

A study of the dzta !n Table 3 shows that of the three general classes of
materials examined - silicones, fluoroelastomers, and isocyanate-urethanes, the
latter materials exhibit a remarkable amount of stability against the damaging effects

of ionizing radiation when compared with the other materials under consideration.
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The fluoroelastomers in general show the least resistance while the silicones cover , 
a broader range - some being superior to the fluoroelastomers, and some being of
~the gsame order of magnitude in radiation resistance.

Graphic representations of how the above classes of materials are afxected —_—
by gamma radiation are shown in Figures 1 through 6. As Space 1imitations imposed )

by the large number of materials evaluated preclude a graph of each one, the illus-

» o M~*@~~r-—&
trations are meant to show the changea in a materisl that is in general typical of
its group. Adiprene C-1 is representative of the isocyanatcrurethanes;, E~9?2‘a. “__

(dimethyl silicone), Silastic 80 (methyl vianyl silicone), and Y-1668 (methyl phgnyig

silicone) are in general typical of the major types of silicone rubbers; and PR -

fluorine containing materlal. It should be noted that this latter group of materialé%

is not as chemically similar as, for example, are the silicones, and are considered}'

a convenient means of grouping.

Isocyanate-Urethanes

As was stated above, the isocyanate-urethane polymers are more radiations{
resistant than the other materials studied and appeir capable of giving satisfactory .
service to the relatively large dose of 1 x 109 r, and in all probability to even N
higher doses. They are resistant to stress cracking as was discussed previously(l)
and retein a great amount of flexibility (passing the 180° bend test at 1 x 10° r)
and physical toughness.

All of the isocyanate-urethcne materials which were investigated exhibited 4
a decrease in both tensile strength and ultimate elongation with increasing radiation

exposure. In general they all became somewhat softer unti. doses of about 5 x 108 r
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were reached at which time they became increasingly harder. This hardness phencmenon

L wATERE
(softening followed by hardening) together with a decrease in tensile strength suggests

anism causing the physical property changes. However, the laveling off of the tensi}et
curve (in some cases an increase in tensile strength) and an increase in hardness |
suggest that cross—linking is predominating after doaes of 5 x 108 r. N )
With the exception of Adiprens C-4 which is less resistant to ;;Ai;;i:;
damage than the other Adiprenag studie§, ‘the compounding ingredients appear to have
little effect on radiation induced changes in these materials. Iﬁ the case of

Adiprene C-L it appears that the different cure system is responsible for rendering

-

the material less resistant to radiation.

rluorcelastomers

The materials studied in this group represent three different types of
polymers as exemplified by Kel~F Elastomer, 1FL, and Viton A. Kel-F Elastomer shows
the least stability to radiation becoming quite soft and tacky at-tﬁe lower doses
which suggests the material undergoes chain cleavage with a corresponding reduction
in molscular weight. Previous worx(12’13) published gives more details on the radiatiqn;
induced cross-linking and chain cleavage mechanisms, J

The Viton A material and iFh both appear about equal in thelir resistance f@
radiation and are similar in tkis respect to many¢'f the silicones sﬁudied. Although
a Jdecrease in tensile sirength occurs in both materials, the increase in hardness
which i; accompanied by an increase in stiffness suggusts that these two materials
ar; cross-linked by exposure to radiation. For dynamic copplications requiring a

degree of flexibility these two materials probably should not be exposed to doses

out to 1 x 108 r. For static applications trey, in all probability, could be used
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out to higher doses. The remainder of the Viton A materials were quite similar in
their radiation resistance showing the same general trend as PR 1700-X7 but becoming
quite hard and stiff at a lower exposure and failed the bend test at a dose of

5 x 107 r. All of the fluoroelastomers gave no evidence of radiation induced stress 

.-

cracking.

Limited supplies of all of the fluoroelastomers precluded a detailed wiﬁéy.
- of their radiation resistance characteristics and!fnrther'ttudies/vill be necessary
 before'the role of the compounding materials can be determined.
Silicones

As can be seen from Table 3 the predominant portion of the studies being = o
reported was concerned with the silicone elastomers, This is in large part due to :
the large variety of materials coummercially available and the fact that they have been |
tried and proven materials of construction for several years. Because of the various - *
types which were studied, they can best be discussed by further grouping in accordance

with their chemical composition.

Dimethyl silicones - These materials appear to be generally less resistant

t0o radistion than the other silicone types. In general, exposure to radiation in-

creaées hoth the hardness and tensile strength of the dimethyl‘sil}cones while the
elongation decreases. With ﬁhe exception of Silastic 160 they all failed the bend
test at either S or 6 x 107 r while Silastic 160 broke after an exposure out to

1 x 108 r.

Methyl vinyl silicones - With the exception of elongation which is reduced

with increased exposure to radiation, there appears to be no definite pattern of be-
havior with the methyl vinyl silicones. The tensile strength in particular exhibits

a quite random behavior which is grobably due to the amount of vinyl groups in the
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polymer and the manner in which they cause cross-linking of the polymer during tﬁé
cure. The materials all increase in hardness with increased radiation exposure with
the exception of a few which initially soften somewhat before becoming harder. All
of trese materials broke when subjected to the bend test after exposure to doses

from 5 x 107 rto 1x 108 r

Methyl phenyl silicones - These materials show in general the best ra-

sistance to radiation of all the silicone types. Exceptions to th*s are ahcwn by

P~
PR

GE 81504 and Silastic 675 which were quite hard and broke at doses of 5 and 6 x 107‘
respectively. The remainder of the materials retained their flexibility up to gréat |
er exposures, some oul to 3 x 108 r. With the exception of Silastics 675 and S20hL8
the general trend of the tensile strength of these materials was a decrease with in~
creasing radiation dose, All materisl got progressively harder while their elongationb.i

was decreased.

Methyl phenyl vinyl sllicones - Only two materials in this class were

evaluated and their behavior (increase in hardness and tensile strength and decrease

in alongatinn) was very similar to the majority of the methyl phenyl types. Both
Silastic 916 and GEB1716 broke after an exposure of 1 x 108 r

Silicones-general - In general it appears that the radiation resistanre

of the silicone elastomers is due in large part to the type and amount of organic
groups on the main silicone chain. Ths phenyl types are superior dué ﬁo the pre- N
sence of the aromatic ring which is able to absorb more radiation energy without
disruption of the molecular structure. It appears logical to assume that the phenyl
materials shouing‘the best radiation rasistance had a higher percentage of phenyl

groups on the main chain structure. The dimethyl types were the least resistant to

radiation while the methyl vinyl compounds were intermediate. For materials which
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wers compounaed from the same silicone gum but showed a difference in radiation

resistance only general conclusions can be drawn as the recipes and cure systems

are not known for these materials., It is assumed in these cases that the compounding
materials and curing ingredients alsn play a major role in determining the extent of;
radiation induced changes on the physical properties of the silicome elastoﬁers. ”f
For example, the dimethyl Silastic 160 material is presumably based upon the same K
type of silicone gum as are the other dimethyl Silastic compounds but exhiblts bette
performance in a radiation field, It ia therefore assumed that the éompoundlng mat-
erials used in Silastic 160 had a significant effect on the radiation induced change gt
occuring in this material.
In sgveral instances 1% should be noted that overlapping in the silicone
radiation resistance scale occurs. For example, methyl vinyl K*10h6R exhibits better
resistance than OF 81504 methyl phenyl typs. All silicones appsar to cross-link :
during radiation exposure as evidenced by the physical property changes, A re?’suéhf‘
as Cohrlastic 500 show evidence that chain scission might be taking place astlow ex=
posures because they initially become somewhat softer before assuming the general
trend of becoming harder. It is of intereit to note that many of the silicotnes,
particularly those with light original colors, changed color during exposure toa
very marked degree., As far ss can be detsrmined to date, these color changes are
permanent based upon about eighteen months observation. In all the silicones ex-

amined there was no evidence of stress cracking.

Filler loading and pcst cure - These studles were made primarily to de-

termine the effect of radiation on the properties of silicone elastomers very sim-
iisr to one another except that their originél properties ware different becauss of

either a variation in the amount of filler used or a veristion in the length of post
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heat curing. Table L lists the changes occuring in two series of materials with

varying filler loading and varying post cures respectively, The materials are com-

pared after receiving a dose of 1 x 108 r. Actual property values are given in this

Table to give a better means of comparing with the original values than is afforded

by the per cent change method.

The filler loading studies offer a chance to examine the role the fillers
play with respect to radiation induced property changes. Although the recipes of
the materials (K-1O4C series shown in Table and SE-300 series not illustrated) are
not known, it is known that the materials in each saries essentially differ only in

e e e

the amount of filler used ~ the lower the compound number in the series, the 1ess

P

filler was used and the softer the compoundx

The data in Table L show that in genéral the ultimate changes in all the
properties of these materials is such that given sufficient radiation exposure they

will eventually apjroach the same value for each property although the percentage

change will only show this indirectly. For example, the actual values of hardness,

tensile strength, and ultimate elongation for K-10u6R,» K-10L7R, and K-1OLBR are
essentially the same at a radiation dose of 1 x 108 r even though there was quite a
spread in their original properties. This holds true for the SE-361, SE-371, and
SE-381 silicone rubbers. |

It should be noted that K-10LLR and X-1O0LSR folluw the general %rend in

their series except that the tensile strength is lowered but shows a possible trend

of increasing {if the radiation dose was increased., This phenomenon 18 4in all pro-

bability due to greater unbalance of filler to polymer than is shown in the harder

members of the K-10LO series.

Or particular significarce in these studies is the fact that a compound
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which becomes hard and brittle upon exposure to radiation can not be improved upon“

simply by conpounding to a softer material. This might help for applications re-
ing a relatively low exposure, but at the higher doses all of the materials tend o

to approach the same degree of flexibility and hardness.

-

The poSt cure data shown in Table L (refer to Table 1 for post cure

having different original properties) exposure to high doses of radiation will ul-
timately damage all of these materiale such ‘that their final properties uill be 'W
essentially the same. In addition, these studies indicate that exposure to rad- .

iation offers the possibility of producing the desired post cure without the use of

heat. The data in Table 5 show that the properties of K-1OL7R B-L (no post cure)

4

S«
ars very nearly the same as the original properties of the fully post cured K-1OL7R B-Z:

when exposed to a radiation dose of 1 x 107 r. The changes in the properties of
K~1047R B-L with increased radiation exposure as shown in Tables 3 and L 1ndicate‘
that a slightly higher dose than 1 x 107 r would essentially give this material the 
same original properties as the conventionally temperature post cured K-1OL7R B-2.
For conventional applications excluding nhg radiation eﬁVironﬁent such § i
radiation treatment of a cured silicone elastomer would probably be gquite saﬁisfactoryl'
and would depend to a great extent upon the economnics of radiation as opposed to :
heat treating. With respect to the material being post cﬁred by radiation and then
subjected to a radiation environment, it appears that further exposure would affect
the material much in the marner as a material which had been heat post cured and thenk :
exposed to radiation. Both materials broke and were hardened significantly at a dose

of § x 107 r. However, 1f it is assumed that the heat post cured K-1047R B-2 could

rave troken after a dose of L x lO7 r, if the measurements had been made after this
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dose, and that the radiation post cured K-1OL7R B-& would not have broken until a
dose of § x gb? T was reacbad, then both materials would have (based mainly upon
flexibility) an effective life of L x 107 r in a radiation field. It is also

assumed that the K-10L7R B-4 would have a 25% total longer life in a radiation |
field by virtue of its being criginally softer and would increase in hardness but v,f
not surpass K-1O47R B~2 at the intermediate doses in question.

The cure system of the K-1047R series and its effect on the radiation .

induced property changes can be examined by studying the data in Table 3 on the - .=
three materials B-1, B-2, and B-3. It should bte noted that the B-1l material did‘ |
not have a full heat post cure. Otherwise, especiaily on a comparative basis at |
an exposure of 1 x 108 r, the cure systems apparently do not exert a significant
-difference on tpe compounds.

Properties

......

mining the conditicn of a material. This is illustrated by comparing the silicones
X-1025R with GE 81550, At approximateiy 1 x 108 r the percent property changes
occuring in these two materials are essentially the same, yet the former materiél ‘

broke after an exposure of 5 x 107

r while the latter lasted about twice as long
in the radiation field before breaking under the bﬁnd test. Both hardness and tensile?
strength measurements appear to be most useful only after a definite trend has been |
established. However, this is not always the case as illustrated by such materials

as Viton A-% and GE 81598 where the tensile curve shows a fairly definite trend

during low and intermediate doses and then abruptly rises or falls.

ety g TST
:‘\\VMA.JJ o
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Actually, to best study the behﬁvior of a material exposed to radiation
when physical properties are being employed, it is necessary to take all properties
(the more, the better) into account as well as both actual and percent change of
inese properties. This is particularly true for applications which do not require
that all property changes be held to a minimum. For example, a substantial loss in

elongation will not affect the operation of some types of seals,

SUMMARY ’

Phys{cgl proparty chahges of a great number of matéfiglé‘glggé@fieé:é; gé§§;
resistant elastomefs ﬁave been given, ﬁach ;aterial, because of spa;;‘iimitafi;éﬁ,*ﬂ
could not be discussed completely and the reader is urged to make his own comparisons.
or examinations oﬁ those materials in which he has an interest.

Of the three general classes of materialsvstudies, the 1socyanata-urethané:
are considered to be the best with respect to radiation resistance, the silicones ‘
next, and the fluorocelastomers last. A consideration of other environments could
obviously alter the order of this listing. It ahouid be also noted that bec;use'of
the overlapping of materials in one class with materials in another class, the |
above order of radlation resistant materialsfsﬁould‘be considered very general. :

From the data presented it i3 difficult to assign permissible-dose limitéj
for classes of materials or even in?ividualvmaterials. This 43 due in part to the'ﬁ
o#erlapping of radiation resistancé betwesn classes and'within:a class and in par£ to
the fact that the demands of a particular application must be known such as the en-
vironméntal requirements and the essential properties needed, Each material then,
must be considered on its own merits and intended application.

It has been shown that radiation might be utilized as a tool whereby sil-

icone elastomers can be post cured without heat tempering. In this case the acon-
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rmics of the process would .robably determine the practicallity. A4lso, the color .
changes occuring in the silicone rubbers suggest the possibility of radiation dos-
imetry systems based on this color change.
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HEAT RESISTANT ELASTOMERS USED FOR GAMMA IRRAﬁIATION STUﬁIES

Material Supplier and Designation Type or Description and Post Cure (hours/?E)

Siliccecnes

Dow Coming Corp.

Silastic 152# Dimethyl (2h/h80)
Silastic 181 o L .Dimethyl (L/LBO) .. = ar
Silastic 7-170 “Dimethyl (2L/L80) ~ :
Silastic 160 .. | =~ Dimethyl (L/L80) - S
Silastic 50 “ Methyl vinyl: (2h/h80)
Silastic 80 Methyl vinyl (2L/L80)
Silastic 250 : Methyl phenyl (2L/480)
Silastic 675 : Mathyl phenyl (2L/L80)
Silastic S2048 Methyl phenyl (L/L80)
Silastic 916 Methyl phenyl vinyl ézh/hso)
Silastic 1S-53 Fluorocarbon type (16/300)
General Electric Co.
SE~972 Dimethyl (16/L80)
R162% . Dimetnyl (2L/L80)
SE-361 Methyl vinyl (2L/L80)
SE-371 Methyl vinyl (2L/L80)
SE-381 Methyl vinyl (2L/L80)
HW-BO® Methyl vinyl (O{uSO)
SE-751 . Methyl vinyl (2u/LB8O)
81666 Methyl vinyl (2L/L80)
SE-550 Methyl phenyl (1/300)
SE-551 ~ Methyl phenyl (h/soo)
81590 Methyl phenyl (h{
81504 ‘ Methy - phenyl (2L/300)
81716 Methys phenyl vinyl
Union Carbide Corp.
K-104i R Methyl vinyl, X-1960 cure (2L/L80)ss
K-10L5R Methyl vinyl, X-1960 cure (2L/480)
K-10L6R Methyl vinyl, X-1960 cure (2L;/480)
K-10L7R B-1 Methyl vinyl, BP cure (L/LSQ)
X-10L7R B-2 Methyl vinyl, DBP cure (2L/L480)
K-1047R B-3 Methyl vinyl, X-1960 cure (2&/&80)
K-10L7R B-L Met!yl vinyl, DBP cure (no post curs)
K-12L7R B~S Methyl vinyl, DBP cure (6/L480)
K-10L7R B~6

Methyl vinyl, DRP cure (12/L80)
K-10L8R Methyl vinyl, X-1960 cure (21,/L80)
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TABLE 1 - Continued

Material Supplier and Designation Type or Description and Post Cure {hours/°F)
K-1235 Methyl vinyl (2L/L8Q)
K-1025R o Methyl vinyl (2L/L80)
X-1516 Methyl vinyl (6/L80)
K-101h Methyl vinyl (2L,/L80)
Y-1668 Mathyl phenyl (2L/L80)

Connecticut Hard Rubber Co.

Cohrlastic 500 Methyl vinyl

Cohrlastic 700 Dimethyl .
Cohrlastic HT-565  Methyl phenyl vinyl
Cohrlastic HT-666 - . © .. . Methyl phenyl vinyl. ... ..
Cohrlastic R-11568 Methyl phenyl vinyl

Arrowhead Rubber Co.

Arcosil 218k Methyl vinyl
Parker Appliance Co. A

77-018 Dimethyl
Huntington Rubber Mills

S-931 ‘ Molybdenum disulfide filled
DuPont Fabrics Division

Fairprene SR-5570 Not known

Fluoroelastomers

Minnesota Mining and Mfg. Co.
1FL

Po}yme:4of;},l-dihydroperfluorobutyl acrjlat
Copolymer of trifluorochibroethylené and’?" =
vinylidene fluoride

Kel-F Elastomer

DuPont Elastomer Chemicals Dept..

Viton A-1% Copolymer of vinylidene fluoride and
hexafluoropropylens
Viton A-2% Ditto :

UNCLASSTFIED




o
oI p——
(Fm—
© s —
R

UNCLASSIFIED . HW-h9560 ﬁ-i;-;_.

- 18 - ‘ ; ‘F

TABLE 1 - Continued

Material Supplier and Designativn - Type or Description and Post Curs (hours/°F) -« i

Viton A-3» Copolymer of vinylidens fluoride and

hexafluoropropylene
Viton A-L# Ditto .
Viton A-5# Ditto
Viton A-b# Ditto
Precision Rubber Products Corp.
PR 1700-X7 _ Ditto
Isocyanate-Urethanes -
DuPont Elastomer Chemicals rbp& o Leen MRS D e,
Adiprene C-l# Not known e e
"Adiprens C-23 Ditto ; ol ' o '
Adiprene C-3% Ditto
Adiprens C-L#» .
Goddyear Tire and Rubber Co.
Chemigum XSL Ditto
~ Precision Rubber Products Corp.
PR 631-70 Ditto
Cresr Industriss, Inc.
Disogrin IDSA 5%S Ditto
Disogri BA 7560 Meto

# See Table 2 for complete details on rscipe used and cure ascheduls,

## X-1960 cures curing compound including di-tertiary butyl peroxide catalyst,
BP cure: benzoyl peroxide catalyst,

DBf curet dichloro benzoyl peroxide catalyst. \
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TABLE 2

RECIPES OF HEAT RESISTANT ELASTOMERS USED FOR GAMMA TRRADIATION STUDIES . vi-die

AN Yo

SILICONZES

Recipe Materials Silastio 152  HW-B6 ¢ FaiE

Silastic L0l gum - W
GE 81587 gum O T
Celite Superfloss ST
Iron Oxide . -~ - I
Dow Corning Silica ,
Luperco ASF - ‘ R
Cadox 56 : ' *

11
s

Silastic 152 cured 5'/250 F, post cured 2l hours/L80 F.
HW-B6 cured 10!/250 F, post cured & hours/LSOF, ‘

VITONS

Peelps Materials AL A2 a2 A-U
Viton A : R +100, - 100. . 100, 100.
2inc Oxide , © 10, 10, 10.. 10,
Dyphos 10, 10, . 10, = .
HT Carhon Black oo - 18, - m- SR T
HiSil IM-3 o -~ . 20, 20, 20,
HMDA-Carbamate . 2. - 3.
Benzoyl Psrox'de ' ' -- - 2. -
Peraxids Regulator (RCD-2110) - -- 2. -
Akroflex CD - - -~ -
uop-288 » - -

All compounds cured 30!/275 F and post cured 2L hours/LOO F,
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TABLE 2 - Continued
ADIPRENES
Recipe Materials gl c-2 - C-3

Adiprens C 100. 100. 160."'.- :
HAF‘BlaCk .- LAl P < . Wt “.,.,30. N AN ‘ro. . ,v_‘n ‘25)‘ "’& ..
Flexol TOF = . 15

Su} fur D SR Ay ey e

MBTS : 3. 3. ‘

MBT, 1, 1,

Sundex: 53 - -

RCD-2098 .35 .35

Celluflex TPP - --

Di Cup LOC - -

Adiprens C-L cured 45'/307 F; all others cured 60!/287 F.
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TABLE 3

EFFECT OF GAMMA RADIATION ON THE PROPERTIES OF HEAT RESISTANT ELASTOMERS

Dose Initial Properties and ;ercent Change
Materials (r x 106) Hardness Elongation Tensile
Shore A; A% €; A% - psi; A%
Silicones
Silastic 152 0 50 Lho 8.5
" ‘. . 3 o v  me h.o‘s.'.v [ -aath B l.o,vi._..‘h.i” - ' ok
: S 22,0 -38.6 10.8
DTSR 1+ RSV 32607 i L w823 T AR
_ 150 8L.0 «97e7 - 7.7

Silastic 181 0 8L 110 . 830

5 3.6 «20,0 8.0

10 4.8 47,3 16.9

S0 10.7 68,2 L1.9

100 1’4.3 -72o7 6006
Silastic-7-170 0 76 85 670

5 5.3 =10,7 1.5

10 6.6 -28.6 29.0

50 ].Soa .5201‘ h?.l

100 22.4 6343 59.0°
Silastic 150 0 67 2hs Sizo

s 7.5 «20,3 - 2.8

10 9.0  =16a7 0.0

50 26.9 ~75:4 25.3

100 38.8 ~85.7 97.6
‘Silastic 916 0 62 580 1505

5 1.6 -13.5 - 8.8

10 9.7 -2L.7 - 9.4

S0 30.7 -82.7° -38.3

100 41.9 «96,0 63,2
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TABIE 3 - Continued

Initial Properties and Percent ChanQ

UNCLASSIFIED

Materials Dose 6 Hardness Elongation Tensile
(r x 10°)
. Shore Aj 4% £; A% psijogk
Silastic 50 0 68 255 735
3 - hvh -1300 ls.s v
6 1.5 26,9 17.0
30 1013 “Sbos 3603 v
60 2006 B ‘.‘7803 3509 gt e
90 25,0 ~82.2 - 10.1 .
Silastic 80 0 g0 205 60
3 2¢h "'1206 1309
6 1.8 40,1 9.1
30 hoe "'5603 2]-102
60 9-5 "7802 h706
90 11c9 .80.5 6201
Silastic 250 ) 58 295 885
5 9.1 «21.7 2,9
10 9.1 =30.3 - 0.6
S0 30.9 =71.1 - 23,8
100 50.9 86,7 - 45.5
Silastic 675 0 75 210 700
3 8.0 -15.1 10,4
6 9.3 22,3 22,1
30 10.7 ~66.0 32,1
60 20.0 «73.0 Si.h
. 90 22.1 -80.6 6.1
Silastic S20L8 0 64 320 675
3 - 106 -22011 608
6 301 -}4205 v 1001
30 12,5 -56.5 20,3
60 23011 “7306 290’-‘
90 3103 ‘7607 h301
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TABIE 3 - Continued

Initial Properties and Percent Change

Materials (rDiS;oé) _ Hardness Elongation Tensile
Shore AsA% 4; A% psis &A%
Silastic 1S-S3 0 59 220 105
5 3‘1‘ - 180? ) - 3h.9 o
10 30h . -~ 3601 - 5108
50 1503» - 72.2 - 8203
100 23.7 - 90.9 - 84.5
SE-972 ) 0'" . 83 ?0 .. . _,,9 SS,Q-, g
10 3.6 - 28.6 © 8.9 -
50 12.1 ~ 67,1 20,5
100 1507 - 8507 6809
GE 81625 0 60 90 915
S 8. 3'3 601
10 21.7 - 13.0 5e9
50 3.3 - 65,2 19.5
100 55.0 - 78.3 12,4
SE-361 0 75 120 ohs
5 ‘ - 607 - 1309 - 106
10 - l;.O - 2201 - 103
50 1200 - 9109 190?
100 20.0 - T1.3 hl.9
. 150 2L.0 - 83.6 50.2
SE-371 0 78 90 1020
3 - 2.6 - 13.0 - 7.4
6 - 206 - 18.5 - 6.!}
30 6.4 ~ 3L.8 25.2
60 12.8 -Sh.h 22.
90 1607 - 6?0’-‘- 9‘09
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TABIE 3 - Continued

Dose Initial Properties and Percent Change

Materials (r x 106) Hardness Elongation . Tensile
Shore 454 % £30%  psizA%
SE-381 0 8 70 975
3 - 5.8 - L.8 - L.l
- 6 . - .;‘h. 7-. TSV "n08 L s e ,,2'3- Vi e g v el
60 i 3.5 o - hl.z M;.B S BT
90 801 - 7006 o - 8803
HW-B6 0 68 1hO 320
3 - n«lo? - 90’4 - S-h
6 - 1.7 - 9.4 - 5.7
30 - 5.9 - 38.4 20.4
50 10.3 - 67.4 38.7
100 19.2 -~ 78.3 L2.8
SE-751 0 60 205 - 67
3 5.0 - 11.8 k.6
6 3.3 - 21.6 7.8
30 18.3 = 534 3.4
60 3303 - 6602 : hos
90 h607 - 7909 - 601‘
100 50.0 - 96,6 - 58,1
GE 81686 -0 66 2Lo 7ns
I 5 - 3.0 - 1.3 LS
10 9.1 - 35.7 19,2
50 3108 - 8302 2502
100 1‘20)-‘ - 9106 h06
SE-550 0 63 210 660
3 0.0 - k.3 1.6
6 3.2 - 1309 008
30 709 - hh09 - 6.1
60 19.0 - &05 - 1303
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TABIE 3 = Continued

Initlal Properties and Percent Change

a ,
Materials (r ;si 06) Hardness Elongation Tensils Remarks . -
Shore AjA 43 0% psijA & '
SE-551 0 56 350 1215. Wnite -
3 - 3.6 - 10,0 2,6
6 5.4 - 15,3 1.0
30 16.1 - 52,9 - 9.9
60 35.7 - 78.6 -
100 55011 - 9000 - 3901
o150 62,5 . = 92,1 - 11,2
OE 81590 0 - 58 285 1090 -
3 0.0 - 607 - 1008
6 - 3.5 - 12,0 - 10,7
30 Boh - 5007 - 31-2
60 13»9 - a-‘al - 3’-‘09
90 3100 - 7809 - h007
GE 81716 0 60 590 | 1590
s 607 - 2}401 - 701
10 1607 - 360’4 - 806
50 35.0 - 86.h4 - 4.3
100 45,0 - 91,5 - 51,6
CE 8150k  ° 0 77 350 930
: g -~ 1.3 2 71 - 16,3
10 3.9 - 38,6 -~ 12,2
50 190 - 9209 - 2002
100 23. - 95.7 - 8.;
K-20LLR 0 56 360 1080
' 5 0.0 - 16,4 - 0.6
10 7.1 - 30,4 - 15,7
50 33.9 - 81.1 - 16,7
100 5108 - 8809 g h2‘5
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TABIE 3 - Continued

Initial Properties and Percent Change

Materials ( D:S; 06 Hardness Elongation v Tensile
r ) Shore AjA% 4:0% psis A%
K-10LSR 0 60 310 . 930
5 500 - 2201 ' - 10,2 . .
. 10 o 1303 . . . - hlo9 e e e 17.8“_ ':""‘”““V";m
50 3607 - 8308 - 2005 . .
. 100 . , 6.7 e Gle9 s e AT 8T g
K-10L6R 0 6s 290 = gs% ‘
5 6.2 - 25.0 8.1
10 902 - 3508 103
50 30.8 - 774 5.8
' 100 h3.1 ~ 89.6 - 21.3
K~1047R B-1 0 70 310 1010
5 12.9 - 22,6 - 2,9
10 15.7 - 36.7 3.7
50 28.6 - 87.1 5.0
100 3701 - 9608 370h
K-1047R B-2 0 66 285 820
5 1.5 - 17.0 - 6.y
10 15,2 - 47,0 L.h
50 . 360,4 - 8509 10‘5
100 L2.k - 89.5 19.6
K-1047R B-3 0 76 230 885
5 2.6 - 30.4 2,6
10 h.O - 41,3 8.2
50 18.4 - 8L.8 13.4
100 ’ 2603 - 89-1 3007
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" Materials © (rD;s;o6) Fardnéss . f____g_ mrﬁ,
i Shore Aﬁ - TR

S 5 1
10 ”23

50 66,
7

100
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K-10L8R
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TABLE 5 R
GAMMA RADIATION POST CURING OF A SILICONE ELASTOMER

TR SN
£ - Propertieg«ti oo
Material s ~ Hardness Tensiloﬁ}ﬁ,;‘ Elongation
. S ﬁ"’ -

Shore A _ pei’:
Orizinal Propertiaa ot K-th?R B-2 :
‘&»t.ios* of x-1o!;7n a-!mmr 1*: 107*“
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