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ABSTRACT

4 series of graphs and charts are preuenuei depicting quantitatively

%he changes in physical properbies which wvarious plastics undergo when mubiecﬁﬁﬂ

i the OHNVL Reactor. Pests were made of the following properbies:
%eneile propersies, sheay sbtrength, im@écﬁ strength, Rockwell hordness, change
in weight, specific groviby, waber absorptiom, 1ight bransmission and haze,
volume resisbivity, di&leetrie strer "; and arc rzsaistance.

Cervain mineral—flllea phenplics and slyrene polyuers Withbt@ﬂd a dose of
019 vy with 11tt1e change in p"opurties. Cellulosic, casein, acrylic, and
ealor@fluorsethylene plastics decrease 50% in tensile strength at 10*7 nvd.
Plazbics of intermediate resistance in order of resistance are: p@lyvinyl
éarbaznle, aniline formaldehyde, polyetﬁylene, nyion, poliyester, Qrganic-filleﬁ
phenclie, melamine, urea., ﬁnfilled phenélics, polyvinyl-vinylidene chloride, and

W“LY?Lﬁyl ehloride acetate.
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INTRODUCTION

Plastic materials are relatively éasily demaged by radiation 1), (2),
and mml}.y: their use is to be avoided in a high iﬁtensity mdié,tion field.
Bowever, plasticg do find extenaive application as conbainers » insuisbors,
gapkets, shields, ebe., mﬁ, in order ‘bo be able bo use these materials in a
igbion .u.eld, it is imporbant to lnmw the extent and type of &am,ge tc be |
- expented. It iz the primery purpose of this investig&tien to establish
Cengineering data to guidé the designef in selecting & plastie for a specific
mervice. Changes in physical properbties with radiation dosage ha.ve heen
dstermined for azll of the commonly useb. types of commercial plasties.
The data presented are for pile vadistion. Though one may roughly estimate
e damage to be expected from neutrons, gammss, and other kinds of rediation
Prom the piie data, it is planned o correlate more exactly the effect of gamms
| and neutrons by additional irradiations, with pile rediation from vhich
| the thermal neutrons have been sereened with cadmivm, and with & pure gamme or
beba-gamma awce. | |
In addition to isolating the é.amge cansed by neutrons and gammes, presen‘b
| plans include study of the following gffects:
k (1) Intensity of radiation. ;
(2) rresence of oxygen during irradiation.
(3) addition of antioxidants to the material.
(&) Time of aging after irradiation.

A supplenent to this report will be issued to cover thig work.
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DISCUSSION

Radiation Exposure

The &em&aﬁe& madiation dosek is given in terms of thermal neutron
£lux time’s the irradiation bime {nvt). Only & very small part of the
demage is done by thermel neubrons, however, since the fast neutron flux
and the gamms flux are directly proportional to the thermal flux, the
thermal nvt is a measure of the tobtal amount of all the radiation which
has penetrated the sample. | ’

The neubron flux ‘spec‘t;rum and ‘the fast and epithermal flux were
de"&eminéa for the position in the pile where the specimens ﬁere im.diatéd(é) .
It was found that the kfas‘l; spectrum was not much different fmm the fission
spectrum. The flux above one Mev was determined to be 4% of the thermsl flux.
The epithermal flux was determined to be 60% of thermal Plux. The gamma
eneyrgy absorbed by meterials in the ORBL reactor was determined by
}Siic};zardsén(}f} £rom calorinle*bric measurements. ‘i’aking the average ganma
energy aé one Mev, the energy absorbed from gemms corresponds +o & gamma
flux of é.bou-b 50% of thermal flux. At 1012 thermal flux this is equivalent
o about 100 roemwbygens /hr. k
Suwrmary of Resulis

Tests were conducted on thirty-three plastic materials to determine

 physical properties when subjected to pile radiation. Detailed

results of these tests are given in graphs and tables on pages 28 o 188

and the photographe on pages 189 to 196 albng with the composition and
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histoxry ‘of each material. Data are presented for the following
pmperbies:

Stress-gtrain curves

Tensile strength

Elastic modulns

Percent elongation

Impaet sbrength

Shear strength
Rockwell hardness: R scale and ¢ seale

Change in weight
Speeific gravity
Water absorption
Light ¢ransmizsion and haze
Volume resisbivity
Dielectric stirength
Arc resistance
For the second through the sixth of the properties listed, the
vercent of the initial velue is plobted. The im:tial va:mesy of these
properties for non-iri'adiated specimens are given below the graph for
sach material. | |
It must be kept in mind that these values will often vary from dabeh
to batch for plastic materials. For some materials the properties deviate
widely for specimens cut from the same sheet of material. For zero
irrediation, the figures given are an average of several specimens. For |
the irradisted materials, it was nmot practical to test a large number of
specimens because of limited spaece in the pile. In most cases each poimt
on the curve, with the exception of zero irradiastion, represeunts one

specimen., For this reason mRny of the points do not lie exsetly on the

average curve drawvn through the poinbs.
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For discussion purposes, the plastics are cJAssifie& into twelve
groups aceording to order of radiation resis‘bancé {Table I). 1In the
following discussion an atbempt is made to correlste radiabion resistance
with chemical structure as a guide to the behavior of materials of
similar chemical stmcﬁzre to those tested. The Ec(mpa::ismn is made in
part by comparing each maberial to golsethylene which has a hydrocarbon-
chain structure {(-CHy-CHp-). Other plastics are regarded as having the
polyethyiene structure but with substitutions to give their structural
tormilaeld) as listed on pages 28 to 188 . The effect of the substituents

on zadiati@n resistance is noted by comparison of the changes prodlzced by
radiation in other plastics to the changes produced by radiation in
yolyethylense., The eompé.rison cannot be an exact bne, however, since other
plastics may have properties initially widely different from those of ‘
polyethylene. ’

Tt is nobt intended that Table I be used as a.: guide for selecting a
plastic for a specific service sinee not enough iiai’ormtion is’ incliuded here.
For examplé ; in Table I polystyrene is ranked above polyethylene since the
properties of polyethylene change under imdiatibn while the properties of

polys tyrene remain unchanged for periods of exposure up o 1012 nvt. The

initial lmpact strength of polyethylene, however, is greater than the initial

impact strength of polystyrene. It may be seen from Figure 11B that only af‘ter
a period of irradistion greater than 103'8 nvt does the impact strenghh of

pelyethylehe decreass ‘bb as low a value as the impact strength of polystyrene.
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 For applications requiring high impact strength, therefore, polyethylene
is superior; for periods of exposure less than }.(718 nvt., Por similar
selections of plastics Tor a specific service the graphs of the

properties on pages 28 to 188 should be consulted.
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TABLE I

Radiation Resiétance of Plastics

Plastics

Mineral-filled furan and
mineral-filled phenolics:
Duoralion, Haveg b1, asbestos-
fibver Bakelibe, asbestos-
fabric Bakelite, and Karbate

Btyrene polymers
Amphenol and Styron 11C

Modified styrene pol:ymer
Styron 1&75

Aniline formaldehyde
{Cibsizibe) and polyvinyl
carbazole {Polectron)

Polyethyiene and Kylon

Mineral-filled polyester:
Plaskon Alkyd

Unfilled polyesters:
Selectron 5038 and CR-39

Phenolics with cellulosie
fillers: paper-base Bakelite
linen-fabric Bakelite, and
Micarta

Melamine and urea:
Helmac, Bettle, Plaskon ures,
and Plaskon Melamine

tnfilled phenolic:
Cabalin

B
i

sure

nvt

10

10

10
10
10

10

Change in Properties

Little change except Tor darkening
in ¢olor.

Little change except for dwkening
in eolor.

Tmpact strength and elongation
decrease until the same as ummodified
styrene polymers. :

Tensile strength decreases &a 11'1:‘!:1&.

Tmpacet strength deersases but
tensile strength inereases. These
plasties become s0 brittle that the
corners of the specimens chip off.

Tensile strength and impach strength
are decreased about 50%.

Develop smell cracks. Tengile
strength and im;pact strength decrease.

Become brittle, swell, and «iecre&se
in tensile and impact strengbh.

Tensile strength and impaect siﬁrength
are decreased about 50%.

Tensile strength and lmpact s‘brengbh
are decresged a’cxout 50%.
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TAPLE I {Cont'd)

Plasties 1018 pvt Change in Properties
11. Vinylidene chloride 0.5 Soften, blacken, evolve HCL, and
{Saran B-115) and vinyl decrease in temsile strength.
chloride acetate (Vinylite)
12. Casein {Ameroid), methyl 0.1 Tensile strength and impact strength
methacrylate (Lucite), are deereased about 50%. :

Teflon, Fluorothens, and the
cellulogics: Cellulose

nitrate {Pyralin), cellulose
acetate {Plastacele), cellulose
acetate butyrate (Tenite IT),
celiulose propionate (Forbicel),
and ethyl cellulose (Ethoeel R-2)
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Yo the plastics of group one of Table I, the mineral filler evidently
imparis resistance sinece unflliled phenolic is much iess resistant. In group
fwo the resistance is attribubed to the stability of the phenyl group{Eme
structure of iig::*t:vugo tvwo plasties is like polyethylenme except for substituted
phenyl groups '

H =

Polystiyrene

811 of the plastics in 't;hef first two groups are hard and bave low impaet
strength except for as‘bestés-fabrie laminate which has moderately high impact
Qtrength. The only pronounced change in plastics of the first two groups is
darkening in éc»lor—.

Sytron h?s (Group 3) is a styrene polymer vhich is modified to give in-
g:réaseti impact strength and elongation. The higher walues for thése pmpert:.ieg

decresse rapldly unbil they become sbout the same a.sf those of ummodified

pmlystyrene. ‘No further change in properties then occurs. Evidently the

wdifying agent is damgedk and not the polystyrena. :

| There is & small decrease in the ténsile strength of analine-formeldehyde
plastic ( Group 4) which is like polystyrene except that a nitrogen atom replaces
the carbon atbm to which the phenyl gmup is attacheﬁ.
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|

(0

Aniline ~-formaldehyde vesin

Polyvinyl carbazole has carbazole groups substituted for some of the
hydrogen of the hydrocarbon chain

\g”

|

i Cﬁg ~— CHe Polyvinyl carbazole |
4 ;

The polyvinyl carbazole is so brittle that the tensile strength of individual

specimens deviates widely; however, noﬁchange upon irradiation is observed

within this deviation.

li}mup Pive plasties become brittle but show increased {ensile strength and

elastic modulus. Specimens with the longest irradiation periods used vere
brittie cnough to indicate that they would probably fall apart with much greater

periods of exposure. Polyethylene retains a high value of impact strength 1o§1ger

than Nylon. In Nylon amide linkages replace some of the methylene of the hydro-

carbon chain

0 o

N I i

—C(CHp)y,— € —N—(CHp) N~ Nylon
| H

n
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Flastbics in groups 3ix through ten a1l are characterized by ci&oss~
1irkages between chains. Mineral-filled Plaskon Alkyd polyester is more
pasisbant then the wnfilled polysster, m is not as resistant as inineral«-
filled phemlic, probably because the préporbion of fillez' to resii:; is less,
OR-39 polyester, vhieh is very hard %o begin with, sofiens gt first and then
haydens agaln, finaily becx:}ming £ilied with small cracks. Selectron polyester,
which iz very soft to begin with, bardens and also develops cracké,
k Plasbics in groups eight and nine are filled with cellulosic meterials.
Group eight plastics, whick are all laminates, become britile, bliister, swell,f
and decrease greatly in tensile and 1mpfé.ct strength, bui do not crumble completely
for the maximam period of exposure giveﬁ. Grouwp nine plastics, which are
"""" ?illed with cellulose pulp, eramble. Unfiiled Catalin phenolic alse crumbles.
Phenolie resins have benzéne groups as pax't of the main chains rather than

attacked to carbon atoms of the chain as is the case with polysbyrene.

T : G | |
H Phenol-formaldehyde resin
~n

The phenolics thet do not have mineral fillers are no more resistant than
S polyester of ures resins which alsc bave a cross-linked structure.
Group eleven plasties evolve HC1 and twwm blmck. Polyvinyl-vinylidene

ehloride is o parbially balogenabed hydroearbon chain.

ot
%]
]

P Ve e S ead

QY

har
t o

— Polyvinyl-vinyilidene chloride {Saran)

s J
B g
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 Polyvinyl chloride acetate is somewhat similar but also bas branching acetyl

Zroups.

" H ¢1 E H H €1 7]
€ —C —C—C—C—C— |
EHE E I EE | Polyvinyl chloride acetate
, ~ (vinylite)
0 |
I
0=C—CH,

n
Group twelve plastics show the poorest radiastion resistance of all This group
inclndes all of the cellulose materials and easein, which have complex
~ structures, but also includes the simpler structures of methyl methacrylate and
- the halogena;ted polyethylenes. Methyl methaerylaté has & hydroecarbon chain
 structure but with branching methyl and methyl ester groups.

E |3
O Polymethyl methacrylate
C=0 ; '

OCH

The poor resistance of polymethyl methacrylate as compared to polyethylene would
- seem to indicate less resistance for structures with branching alkyl chains. AL

of the hydrogen in the hydrocarbon chain has been replaced by halogens in the

structures of Fluorothene and Teflon.

FF O ,
l:‘--ﬂ —C— Polymonochlorotrifluoroethylene (Fluorothene)
F C1 _]
n
F F 7] f ‘ ,
—C—0— - Polytetrafluorcethylene (Teflon)
F ¥ ‘
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Changes Produced

Althaugh the chemical changes were not stulied, it appears likely
that damage in all cases iz due to & degradation of the mlecmar structure.
This breskdown ls accompsnied by cha.nges iv mechanical properbies which
usually oecur by one of the fpllowing processes: |

{ l) Elastic modulus, Roclkwell hardness , 'bensil@ strength, and
shear strangth inerease, bub impach shrength and elongation
decrease (for some brittle plastics Tthis First phese does nod
oceur). Then the plastic becomss seo britiie that the tensile
strengbth decreases and shortly the shear sivenpbh decreases.
At about the same time the plastic cracks vhen the major load
(see page 209 ) is appiied in the Rockwell hardness test.
Finally all strength is lost and the plastic crumbles apars.
This type of failure oceurs with Selectron 5033, piastiecs in
group eight-ten, and all plastics in grovp twelive except

- Teflon. Group five plastics start ondt by this process, bub
the tensile strength has not yet decmseﬁ for {:hw maxirnon
period of exposure given.

(2} Elastic modulus, Rockwell hardness, tensile strength, and shear
strength decrease, but impact sbtrengbth and elongation inerease.
Group eleven plasties fellow this process. ILong periods of ;
exposure were ot given gmup eleven plastics sizes HCL is evolved.
Plaskon Alkyd does not follow either process but 8ll propertiss drop off
gradually. CR~39 polyester starts off by process 2 but evertually a peint is
reached where the elasbic modulus and the hardness increase and the
elongation decreases though tensile strengbh and shear strength contimue to
decrease. Teflon at firsh increases in impect shrength; decreases in bensile
strength, shear strenghth, and elongation; and remsins unchanged in elastic
modulus, Later the impact strength decresses and elastic nodilus and bardness

increase; however, tensile strength and shear strenghh continue to decresse

unbil the plastic crumbles apart.
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For most plastics o sudden increase in the rate of loss in weighd
coincides with mechanical deterioration since _piec:as of the épecimen are
chipped éff., Piastics that show a steady loss of weight and decrease in
density, probably due to evolution of gaseous decomposition products,are
Catalin wnfilled ghenolic and CR-39 polyester. Vinyl chloride acetate
and Saran B-115 evolve liguid decomposition products. Plasties that show
a steady iverease In weight and specifiec gmvitj, probably because of
agbsorption of oxvgen or waber vapor, are Hylon and polystyrene. A aecrease
in specific gravity bubt no change in weight indicades blistering or swelling.
Plastics that blister and swell are unfilled phenolic, organic-filled
ghenolics, melamine, urea, and Plaskon Alkyd polyester. Plasties that
shrink, as is indicated by an increase in specific gravity but no change
in weight, are Teflon and polyethylene.

As a rule no pronounced cha.:age occurs in volume resistivity, dielectric
strength, or arc resistance until 'hh.e mechanical properties deteriorate
completely. Plagties in group eleiren of Table I are an exception gince tﬁae
volume resistiﬁty, dielectric strength, and arc resistance B.ecrease when;
the plasi;ics become wet with HCL, a decomposition product. Another excepfi:ion
is Selectron 5038 which inereases 1r1 electrical resistance as it hardens.

A1l of the trasnsparent or translucent plastics tested, which have not

crumbled after 1018

nvi, become ve-i‘y dark as shown by decreased values of
1ight transmission. Color changes are listed on pages 28 to 188.
A few of the sample tubes devélopeé water lea.ks It was observed that
Hylon, 03-39 polyester, and organié-filled phenolicé show gréater changes
________ under the combined effect of exposure to water and radiation than under

exposure to radiation alome. This is in ancord with the high water absefp‘kibn

valnes cobtained for ii‘radiateé specivens of +these plasties,
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Theory of the Effect of Jonization on Materials

The theory of the effect of ionization on materials (discussed by
8. ¢. aiientTiydoes not predict the awunt of dsmage s evidenced by
change in physical properties. The theory is perhaps most useful, from
a ?hysical‘ﬁamage stanﬁéoint, in that, with a knovledge of the damage
which cccurs with one type of radiation, it permits an estimate of the
dazeage to be expected from other typés of radiation.

Radiaﬁien may be classed as light particle (beta and gamma) or heavy
perbicie (ﬁeutrmns}(z}ug With both tﬁpes wost of the absorptian of energy
in meberials occurs by ionization or electron excitation processes; however,
Tor heavy particle radiation there is an additional process, eiastic
collisions with atoms. In plastics, damage due ﬁo the initiai displacement
of atoms by elastic collision with heavy particles, is masked by damsge due
to icnizstion and exciﬁaﬁion procesées, chever; much of the’ionizaticn is
pansed by:fast moving bydrogeu ionsf(protons) ejected by elastic collisionk
with fastfneutronso In metals, thefdisplaeementiof atoms diréctly by elastic
eollision, is the ondly important souree of d&magegsince, except for the
avolution of heat, mebals are uwnchanged by the ionization process.

Ionic compounds are colored by ionizing ra&iations. When eleetrons are
ejected from lons that make wp the iattice, most:of the electrons recombiné to
forre the normal ions of the labbice, but a few of the free electrons are |
trapped at imperfections in the latﬁiee with the resulting formations of
"F wenters” and development of color in the material. This éoloration has

1ittle effect on the general properties.

Organic materials are held together by covalent bonds with bonding energy
of the order of four to Five sleectron wolts. The enaergy required to produce

ionizgtion is of the order of 15 elesetron volis. Consequently when an orgaunice
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 mplecule is ilonized by radiation and subsequently neutralized, it is
given enough energy 0 break bonde. About four molecules of organic
liquids react for each 100 ev of energy input Wiuhiﬁ s factor of less
than 10. Ra&iation effects in organic solids are not as well known

. presumably the number of molecules raactlng will be less sines there is
more constraint on the motion of ruytureﬂ.moleeulés snd the chance of

cecombination will be greater(D).

assuming that the reaction is not too different Por plastics ©
for organic liquids, one may estimate the mmmber of bonds brekén for a
specified pile exposure; The simple:strueture of polyethylene, {Cﬁg}n,
is taken as an example. The energy absorbed from fast newbtrons and from
gamme radiation is reported in(E) for the ORNL reactor at 3,500 kilowatts
at 0.764% of maximum flﬁx. The energy absorbed by the CHp groups is

caleulated bhelow.

¥ Energy n-Scattering Energy Tobal Energy
Material Cal/mole sec Cal/mole sec Cal/mole sec
c | 0. 00k ; 0.00101 0. 00545
2 xH 0.00148 0.01345 0.01493
CH, 0.00592 | 0. ozhh6: 0.02038

of thﬁ total, T1% comes from the scattering of fast newhrons; 29%
from gamma radiation. For materlals with less by&rogen in proportion 10
earbon then the CH, group, the fast neutron percentag@ will be reduced.
The tobal energy dbsorbed may be expressed as equivalent roentgens, 5;
- One r gives one esu of charge per cubic em of aiv at N.T.P. This is
__________ qa;v&lent to aboubt 800 esu per grem ol matter, ﬁn& gorresponds to an

sxpenditure of about

800 x 32 f(h 8 x 10710} = 5.3 x 10%3 electron voltsfgram
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For the OH L, group, the kta‘i‘.a;l evergy absorbed in the ORNL Reactor pexr

unit dose, in avi, is

a.a- - G 2t o b A s A AP IO0 o e M Wk ot e o

{}}@ gm/’gm mle)(@.?ﬁh x 0.97 x 1012 mtmns/sq. cm. sec.)

1

T v e v s i 2t o A e T e WD S G R T S 0 2 M U AR A PO I S D 2 0 L . ot S . -

5.3 x 1013 electron voitsigmm x 3.82 x 10"90 cal/ev

= 2.0 x 1077 /(nvt)

or 1.0 x 109 r;’(l()]fg nvt)

The appmximtians are made thé.t equal weight of the CH, group and
air have the same absorption for gamss radistion and that energy absorbed
from fast neutrons and energy abvsorbed from gamma radiabion are equally
effective in producing ‘ieniza.tion. |

If the number of bonds of a long hyd:mearbeﬁ chain are aiﬁaea by the
mimber of carbon atoms there resulds three bonds per CH, group. This makes
3x6 x 1023 = 18 x 1023 vonds /em mole. A% the rate of 25 electron volts/bond

the dose equivalent to energy to break all the bonds is

__25. eleetmn volts/bond x 18 x 10°3 ‘bonds /1b_grams

e A . 00 TR0 Y ey A A Tt et M YA M e S o 2O n--c«u.—. - TR D -

5.3 x 10%3 electron mlts/}: gram x 1.0 x 107 3:_'/(1018 nvt)
- 60 x 108 nvt
Plastics in groupe one aud two of Table I withstood 16% of this
exposure withoub change in properties; the plasbies in group twelve

crumbled at 0.6% of this exposure.
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EXPERIMENTAL

A. TIrradiabion

Exposures were écndtzc‘ted in Hole 19 of t’:ze ORNL Rezmﬁm::e E@l«é i9
is & wa?tezr*cmled hole, and the neutrons ezrbering the speci@n cansg in
this nole are attemmbed wy 3/16 %im:hes of water snd 1/8 inches of
almﬁ;imz@‘m #ddition to the graphite surrounding the hole. The waber
temparature was mintain.ed be'bweeﬁ 25 and i;,eag; Hole 19 1s perpemiicular
to the fuel channels, sudl midway Eaﬁweem wo rows of fuel c%mmels.

The radiation SXPOSUre Was messured in terms of O neutrons {newtrons
of energy* below the cadmium cubt off) by the activeition of eoball foils.
Cobalt is ideally suited for ‘«':hisE purpose because Co’ég has a long life and
the eross section for ibts schivation is high. (3.3 year half-life, cross
section of 33 bams@), The foils were prepared as described inl2),

Since cé.c}mium difference maaasuremezrts reported m@ give néarly the same
value for the cadmium ratio at the center of the pile snd at the large
gemmtic txibe terminal, and since the. Tiux values for w&iﬁ‘;ions in Hole 19

1is between the values for the above two positions, cadwium difference

A

measurenents wers nob taken. A corrected cross sechion of 39 barns was

deternined for the bars folls by calibration abt the pm»»_:ma"sm tube terminal
where the C neutron finx wae taken as the vaiuve reported m@) . The average
flux, av, was calculated froam this Cross section value, the ackivity induced

ir. the foils, and the exposure time.
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Certain individeal foils which were irradiated in various positions
uﬁ the plastic test specimens gave values of flaux lower than the
average value for several foils exposed at the same time. Probably local
sariations in the flux resulted fyom newbron sbsorpbion by the plastic
specimens., To obfain the walues of nvi used in reporbing the properties
of the irradiated plastics, a correlation vas mede between the average
value of nvt as determined from se'mral foils and the kilowatt hours of
CEZPOSUTL,

Testing Procedure

Test epecinens were wnﬂi‘hionéd for seven days at 25 + i°c and
50 + 2% Iumidity. Specimens of some plastics in storage undér these
conditions changed appreciably in properbies after a few months period.
When plastics underwent such an aging change, either a correction was made
for it or all irradiated specimens were tested within a short time of one
another.

The testing procedures followed are listed in the appendix. They are
based on standard ASTM or Federal Specﬁ’ication; tests, Changes vere made
in eertain instances to facilitate handling, ?he overall length of tensile
specimens was sharbené& to increasg the nmumber of specimens that wonld £it
inte the irradiation space; balf of a broken impact specimen vas used for
the water absorption test in place of & standard water absorption specinén;
and the volume resistivity electrodes were made small enocugh to sccomodate

+he shear strength test specimns;
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The plastics were irradlated in;an atmosphere of air. ‘A cursory
invesbigation showed no ineressed &aﬁage due 0 the presence of puare
oxygen for a fev materiamls tested. The effect of‘oxygen will be studied
in more detail, however, as will the;effect of the conﬁitioning pariod
afser irradiation. Some irradiated specimens, that were sllowed to age
for bwo months in place of the standard seven days, did show conbinued
change in:the same manner as the properties changed during irradiation,

bt at a much slover rabe.
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LUCITE
Classification; Acrylie
Trade neome: Lﬁcite
Company: | E; I. du Pont de Nemours and Company, Inc.
Resins Methyl methacrylate rolymer
Formula:
~ CH. =
g o]
5 |
|
L OGEé =a
Filley: Hone
Deseription: Clear - yellows upon irradiation
?hickness of sheets: 0.131 - 0.133 in.

Speed of teasile testing
Mean rate of straining: 0.7 ~ 1.4 x 1o“h‘nnits/sec.

Mean rate of stressing: 30 - 50 1be/(sq. 1in.) (sec.)



URCLASSIFIED
NG.$11050

% BREAKING POINT

~LBS/IN

- STRESS

NON~IRRADIATED /‘* ,
10,000} /
/ nvt=0.012 llOn
6,000}
4,000 is
o nvt=0.05x 10
2.000|-
avt 2 0.1 K10
i 11 N i

0.01 002 0.03 004
STRAIN -~ IN./IN.

FIGURE |A STRESS STRAIN GURVES FOR PILE lRRAD!ATED LUGITE
ETHYL METHAGRYLATE)
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INITIAL VALUE

PERCENT OF

 UNCLASSIFIED

- 30 -  DWGL#11061
100(1>-
NOS. 485
50
GURVE NOS. 182
0 1
0001 0.01 I 10 100
CURVE NO. PROPERTY S INITIAL VALUE
] TENSILE STRENGTH 10,700 LBS./SQ. IN.
2 ELONGATION 4.5 %
3 ELASTIC MODULUS 4.8 X105 LBS./50Q. 1IN
4 SHEAR STRENGTH 6,700 LBS./SQ.IN.
5 IMPACT STRENGTH 0.37 FT.LBS./ IN. OF NOTGH
130 l - R SCALE
. n .
% ./ O“‘O"Oé ‘
120 ; :
< SCALE
HOH- ’ : : E %
100 ,
0.001 ~ 0.01 ol g 1 10 100
{0 NVT ,

ROCKWELL HARDNESS

FIGURE 1B METHYL METHAGRYLATE



UNCLASSIFIED

\ i 31 3 DWG.#11062
]
- , CHIPPING
e CTOOTT OB
az | | S
0.001 00l o1 18 10 100
10 NVT
CHANGE IN WEIGHT
9!.20 r v
8
2 ? ° ]
e ]
NS
0.001 : 0.01 O.1 { {0 100
to'® NvT
SPECIFIC GRAVITY
,.-
........ <
V3]
(&)
@
i
o
8 | 10 o100
10'® NVT
WATER ABSORPTION
{100 1 1 B :
5} : LIGHT TRANSMISSION
‘._
=
1%}
Q
« 50 ;
w :
o- N
254+ :
00-—9-46‘ o
QOCH . 001 0.1 | 10 100

0'® NvT
" LIGHT TRANSMISSION AND HAZE

FIGURE IG  METHYL METHACRYLATE
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UNCLASSIFIED
DWG.#11063

IUCTITE

Volume Resistivity of 60 Mil Specimens

1018 nvt ohm om
o > 101%
0.3 >101’\'* :

Dielectric Strength of 21 Mil Specimens

1018 et volts/mil
0 1000
0.23 1000

Arc Resistance of 60 Mil Specimens

Ai'c ‘Resistance s

1018 avi sec Manner éf Failure
0 120 Melted
0.15 80 u
0.34 80 "

FIGURE 1 D



BEETLE AND PLASKON UREA

Clasgification: Anine resins
Trade names: : Beetle; Piaskon ures
Coxpanies: ' Azmerican Cyansnid Compery; Plaskon Division,

Livbey-Owens~-Ford Glass Company

Hegin: | Ures-formaldehyde
Pormaia:
=z
| E
Q=
.. —HNH gn

Filler: , Cellinlose pulp '
Deseripbion: Opague, white - Darkens to tan upon irradiation
Thicknese of Beeble: 0.123 - 0.127 in.
Thickness of Plaskon: 0.153 - 0.16% in.

Speed of %ensile testing
Mesr Hale of sireining: C.3 - 0.6 x 10~ units/sec.

[

Mean Rate of stressing: 40 - 80 1ibs/(sq. in.) (sec.)



STRESS - LBS./IN®

~ UNCLASSIFIED
DWG 11064

#BREAKING POINT

10,000
NON~IRRADIATED

8,000

8000 | nvt=0.06x10'
4000 //

2000}

nvtz 032X10'°
{ 1 1 §
o) 0.002 0004 Q006 0008
STRAIN~- IN./IN.

FIGURE 2 A STRESS STRAIN CURVES FOR PILE IRRADIATED UREA FORMALDEHYDE

-
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DWG.#11065

w |
> ; GURVE NO.3
2
< 100
3 ®
g
=
=z
- -~ CURVE NO.5
& sop— e
- CURVE NOS.1,2, 8 & —
P
w
%)
x
w
a ol :
0.00 0.01 0.1 f 10
10'® NVT
CURVE NO. | PROPERTY INITIAL VALUE
! TENSILE STRENGTH 7,800 LBS./SQ. IN.
2 ELONGATION 05 %
3 ELASTIC MODULUS 14 X 10° LBS./SQ. IN.
4 SHEAR STRENGTH 10,000 LBS./SQ. IN.
5 IMPACT STRENGTH 0.30 FT LBS/IN. OF NOTCH
130 a i .
- R SCALE
58 % GURVE NO. 7
i20 oLSGALEJ ®
CURVE NO.6 ® ® l
1o 4
0.00I 0.01 o i 1o
~ o' nvT

ROCKWELL HARDNESS

FIGURE 2B UREA FORMALDEHYDE
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- 36 - DWG.#11066
40
w O
w
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B 3ol
(&)
& o
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& 1o}k s
ui o © l®
a Op,—‘—-———~———o CHIPPING
- 41._—-—— - | 1
%001 00t =~ 8 10 100
107 NVT
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L]
-
1503
g 50~ O O ‘CF——{>1I>543<3
14 :
0-00! 00} 0.1 s 1 10 100
10 NVT
SPECIFIC GRAVITY
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20
Z s}
ul
(& ]
[» 4
w 10
a
5-—.-
N
&2
0.001 0.1 i 10 100

0.01

‘018

NVT

WATER ABSORPTION

FIGURE 2C UREA FORMALDEHYDE
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DHG.#11067-

BEETIE AND PLASKON UREA

Volume Resistivity of 125 Mil Specimens

lﬂlgmt ; ohm cm
0 o x 103
3 lxloll

Dielectric strengbh of 125 Mil Specimens

1&18 uvt volbs/mil
O > 230
1 ’ > 230

Are Résistanee of 125 Mil Specimns

.18 Arc Résistame s ’
107 nvt sec Manner of Failure .
0 , 130 : Carbonized
0.23 120 f "
0.5% | 80 "
0.76 60 oom
3.0 ' 20 v

FIGURE 2 D



Classification: Amino resins
Prade names: | Melmac; Plaskon Melamine
Cmmesz ~ Plastics and Resiuns Division;j

Awmerican Cyansmid Co.
Plaskon Division;
Libbey-Owens-Ford Glass Co.

Resin: Melamine-formaldehyde

Formula:

s CHy— )

Nb‘\c /E

L Bé-—- CHy— Jdn
Fillex: Cellunlose pulp
Description: Opaque, light blue.

Darkens to tan upon irradiation

Thickness of Melmac: 0.245 - 0.251 in.
Thickness of Plaskon: 0.B7 - 0.179 in.

' Speed of tensile testing
Mean Rate of straining: 0.1 - 0.6 x 107 -k units/sec.

Mean rate of stressing: 30 -~ 80 lbs/(sq. in) (see)



UNCLASSIFIED
DWG.#11068

% BREAKING POINT

STRESS ~ LBS./|N2

10,000
NON- IRRADIATED
8,000 pd
| nvt=0.034 X108
6,000/
4000 nvt= 047X 10'8
% nvis0.37X0'8
2 000/
nvtz 46X 10'8
e ‘ L i { t '
(0] 0.002 0004 0.006 0.008

STRAIN ~ [N, /IN.
FIGURE 3A STRESS STRAIN CURVES FOR PILE lRRADIATED’ '

MELAMINE FORMALDEHYDE
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INITIAL VALUE

PER CENT OF

- ho - UNCLASSIFIED
DWG.#11069
| GURVE NO. 3
CURVE No.sx\ 1
100 : : ]
50
0
0.001 0.0l 0.1 , 1
10'® NV T
CURVE NO. PROPERTY INITIAL VALUE
1 TENSILE STRENGTH 9,100 LBS./SG. IN.
2 ELONGATION : 0.65 %
3 ELASTIC MODULUS 14 X 105 L8s./sQ. IN
4 SHEAR STRENGTH 11,000 LBS./SQ. IN.
5 IMPAGT STRENGTH 0.29 FT. LLBS./IN.OF NOTCH
130 T - T
= { ‘a SCALE
120
° !
ol
o L SCALE
100,551 501 X 0 10
10'® NVT

ROCKWELL HARDNESS

FIGURE 3B MELAMINE FORMALDEHYDE
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-k - | DWG.#11070
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o T A |

0.001 .01 S 0.1 i io

10'® NVT
WATER ABSORPTION

FIGURE 3G MELAMINE FORMALDEHYDE



UNCLASSIFIED
MG 11071

Volume Resistivity of 150-200 Mil Specimens

:wla nv*l: ohm om
0 1ot
3 ot

Dielectric Strength of 150-200 Mil Specimens

1018 nvi volts /mil
0 ~ 200
2

> 200

Are Resistance of 150-2{}0 Mil Bpecimens

Arc Resistance,

1018 uvd sec Banner of Failure
0 190 | Carbonized
0.23 130 "
0.53 120 "
0.66 80 "
3.0 T0 "

"FIGURE 3 D



Classification:
Prade name:
Company:

Resgin: 7

Femlé:

Filler:

Desceripbion:

Thickness of Cibanite:
Speed of tensile testing
Mean rate of straining:

Mean rabe of stréssing:

- 13 -

CIBANITE

Amino Tesin
Cibanite

Cibs Company, Ine.

Aniline-formaldehyde
H —y
|
\
"
-n

None
W, dark drown. :
Ko color change upon irradiation

0.181 - 0.228 in.

0.5 - 1.0 x 10°% units/sec.

30 - 60 1bs/(sq. in.) (sec.)
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STRESS—- LBS./IN.

~ UNCLASSIFIED
WG 11072

% BREAKING POINT

{0000
NON — IRRADIATED
000 //
i 18
6,000 N nvt=92 X 10
4000 /
nvts 12.8X10'® /
2000 |-
J_ i 1
0 0.005 0.0t 0.015
STRAIN = IN./IN.

0.02

FIGURE 4A STRESS STRAIN CURVES FOR PILE IRRADIATED ANILINE FORMALDEHYDE
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DWG.#11073
200 |- : ®
w : :
pw)
|
<
>
.|
< B
E 150 |~
z CURVE NO. 5»—\ ®
.
© ®
= 100
2
|13
[&]
(84
w
o
50 : CURVE NOS. 1,2,84 ———
0
0.001 001 ou 1 10
1007 NVT
CURVE NO. PROPERTY INITIAL VALUE
T TENSILE STRENGTH 9,200 LBS. /. SQ. IN.
2 ELONGATION 1.8 % :
3 ELASTIC MODULUS 8.0 X 105 LBS./SQ. IN.
4 SHEAR STRENGTH 9,700 LBS./SQ. IN.
5 IMPACT STRENGTH 0.20 FT. LBS./IN. NOTGH
130 T Y T T
Or— O
' R SCALE —7 % O O 00
120} i i
S Q O O
@ ' O—
10 F L
oLSCALEJ O tO
100
0.001 0.0l 0.1 ! 10
~ 08 NVT

ROCKWELL HARDNESS

FIGURE 4B ANILINE  FORMALDEHYDE



25°/74°C

PER CENT

PER CENT
INCREASE

| UNCLASSTFIED
- b6 - DWG. #1107k

1.0 l
, O
0.5 b O 5
o b )
0.00} 0.0l 0. | i0
10" NVT
CHANGE IN WEIGHT
1.3
L2 P O -O-O— O—00
[N
0.001 0.0t 0.1 ! 10
10" NVT
SPECIFIC GRAVITY
0.5 ‘ T [ l I
by : O\ : O
Ra @—O0——T—00T0—>2>F0
0.0:OI 0.01 O.1 i iI0
' 108 NVT

WATER ABSORPTION

FIGURE 4G ANILINE FORMALDEHYDE
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RG. 4131075

CIBANTTR

Volume Resistivity of 140 M{l Specimens

1018 vl ohm cm
D >10t%
8 >10t%

Dielectric Strength of 140 Mil Specimens

1028 vt

volbs/mil
0 > 200
6 > 200

Arc Resistance of 140 Mil Specimens

Arc Bes istance,

1018 avd see Manner of FPailure
0 20 Carbonized
9 20 kis

PIGURE 4 D
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AMEROID CASETY

Classification: Casein plastic
Trade nome: ; Ameroid
Company: American Plasties Corporation

Formila: Complex

{protein structure)

Filler: None
Beseription: Opague ~ yellows upon irrsdistion
Thickness of sheets: 0.22 - 0.247 in.

Speed of tensile testing

-k

Mean rate of straining: 0.6 - 1.3 x 10" units/see.

Mean rate of stressing: 40 - 80 1bs/(sg. in.) (sec.)



STRESS - LBS/IN®

UNCLASSIPIEN
G $11075

* BREAKING POINT

10000 , o

NOH-IRRADIATED

/

8000
' /A’ 0,23 kOgs

o
S
Q

T

4,000

2,000

avt s 0.70 x 10"
i §

o 001 | 6.02
STRAIN- IN. /IN.

FIGURE 54 s5TRESS STF%A%?«E CURVES FOR PiLE

o by oo

0.03 004

IRRADIATED CASEIN



PERCENT OF INITIAL VALUE

~ UNCLASSIFIED

- 50 - DWG.#11077
i
® CURVE NO.3
CURVE NOS.1,284
50
CURVE NO.5
o
6.001 501 oY w i0
108 NVT
CURVE NO. PROPERTY INITIAL VALUE
] TENSILE STRENGTH 8,500 LBS./SQ. IN.
2 ELONGATION 2.0 %
3 ELASTIC MODULUS 5.7 X 10° LBS./SQ.IN.
4 SHEAR STRENGTH 9800 LBS./SQ.IN.
5 IMPACT STRENGTH 0.50 FT.LB./IN.OF NOTCH
140
130 : R SCALE
OO '
e
120 : +
o SCALE
O
“ocx N\ O
J N\
O
100 ,
0.001 0.01 Y 10 100

10'® NVT

ROCKWELL HARDNESS

FIGURE 5B CASEIN



25°%/4°¢C

PER CENT

PER CENT
DECREASE

UNCLASSIFIED
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DWG.#11078
1.0
Q W
0.00I 10.01 ~ o i 10
10'® NvT
CHANGE IN WEIGHT
1.40
1,35
O
|.30‘
0.001 SO0 0.1 ] io
108 NvT
SPECIFIC GRAVITY
157 ’ Y
O
10 O 4/©)
v
5 {
o H
0,001 fieXe/] 0.1 ] 10
10'8 NVT

WATER ABSORPTION

FIGURE 5C GASEIN
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AMEROTD

UNCLASSIFIED
WG.#I?.O’?9

Volume Resistivity of 120 Mil Specimens

10%° nvt ohm cm
4] 1x 10111
0.23 1 x 101t

Pieleetric Strength of 120 ¥il Specimens

1018 vt volts/mil
0 600
0.53 600 ’

Arc Resistance of 120 Mil Specimens

Arc Resistance,

1018 avt see Manner of Failure
0 T0 Carbonized
0.23 60 "

FIGURE 5 D



- 53 -

ETHOCEL R-2
Classsification: Cellulosie
Trade neme: i Etkoeel R-2
Company: Dow Chemical Company
Resin: ' Bthyl cellulosé
Formala: |
_ B ocams -
C—=C
Jor B\
—C C—0—
N
L HQ(IIOCéﬂg Jn
Filler: None
Degeription: Opague, yellow-white - darkens wupon irradiation
Thickness of sheets: 0.820 - 0.832 in.
Speed of tensile testing |
Mean rate of straining: 0.9 - 1.7 x 10~% units/see.

Mesn rate of stressing: 20 - k0 1bs/(sq. in.) (sec.)



STRESS — LBS/IN®

UNCLASSIFIED
NG.#11080

% BREAKING POINT

8000

NON-IRRADIATED

- .
/ nvt=0.0tx10

“é
T

4000
nvts0.059 x 10'®
nvts0.12 x10°
ol i ! B L
0 0.2 ' 04 o 0.6 0.8

STRAIN=- IN./IN.

FIGURE 6A STRESS STRAIN GURVES FOR PILE IRRADIATED ETHYL CELLULOSE
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PER CENT OF [NITIAL VALUE

| UNCLASSIFTED
- 55 - : DWG.#11081

100 CURVE NO. 3
CURVE NO. 4
CURVE NOS. | & 5
50 ;
GURVE NO. 2
o001 001 0| (s 1 i 10 100
T10T NVT
CURVE NO. PROPERTY INITIAL VALUE
i TENSILE STRENGTH 6000 LBS./SQ.IN.
2 ELONGATION 40 %
3 ELASTIC MODULUS 2.1 X 105 Lss /s N,
4 SHEAR STRENGTH 8700 LBS. /S0, IN
5 IMPACT STRENGTH 2.0 FT LBS /IN OF NOTGH
120
[
2t ~ O ‘
./ N_S :
HO-— \
R SCALE ,
100}
so}
80 -~ o< SCALE
N r\/ oN
70f ' ?
6 ' l
%001 0.0i o1 8 10 100
(07 NVT

ROCKWELL HARDNESS

FIGURE 6B ETHYL GCELLULOSE
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FIGURE 6¢C ETHYL CELLULOSE




- 57 ~ UNCLASSIFIED

DWG.#11083
ETROCEL R-2
Volume Resistivity of 150 Mil Specimens
1,018 nvt ohm om
0 o 1044
' 0.29 | 1oth
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1018 wvh sec ' Manner of Failure
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0.29 | 70 n

FIGURE 6 D



FORTTZEL

Dlaszificntion: Gellunlogie
Trads name: Forticel

fellniose propioswmade

Formalas

o s 38 m*ﬁ:akuaq n
GG -
/ [& HH LT\
. am \ C- e Y e
N\Eg H
Y e

O n
Filler: nons
Besoriplion: Transglucent, agber.

Becomes opague, bub lighter in color upon
irradistion.

Thicknses of shesbs: 0.618 ~ 6.625 in.

Spead of tensile testing

Mesn rabe of stressing: 11 - 15 1vs/(sq. in.} {sec.)
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FIGURE 7A STRESS STRA‘IN“ GURVES FOR PILE IRRADIATED GELLULOSE PROPIONATE
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FORTICEL

mmssmmn
DWG.$11087
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3;018 vt
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FIGURE 7D
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PLASTACELE

Classification: Cellulosie
Trade name: Plastacele
Company: E. I. dn Pout de Nemours & Company, Inec.
Resin: Cellulose acetate
Formmla:
B .@@jﬂg i
e
/OH B\
B e
H\E o/ﬁ
_ ﬁgcococﬂ3 In
Filler: Hone
Deseription: Clear - yellows upon irradistion

Thickness of sheets:
Speed of tensile testing
Mean rate of straining:

Mean rate of stressing:

0-125 bl 0-1% in.

0.9 -1.9 x 107} units/see.
20 - 50 1bs/(sq. in.) (seec.)
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FIGURE 8A STRESS STRAIN GURVES FOR PILE IRRADIATED CELLULOSE ACETATE
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CELIULOSE ACETATE

UNCLASSTFIED
DWG.#11091

Volume Re.sistivi'l;y of 125 Mil Specimens
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0 5 x 1042

0.1 2 x 1012
0.2 2 x 10
0.5 2 x 1001

Dielectric Strength of 25 Mil Specimens
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’ 0.53 75(?

Arc Resistance of 125 Mil Specimens
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1018 nvh pee Manner of Failure
0 190 Melted
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FIGURE 8 D



PYRALIN
Cisssification: Celivlosic
Trade name: ; Pyralin
Uompany s ‘ E. T. du Pont de Nemours & Company, Ine.
Besin: Cellulose nitrate '
Pormals:
) 5 oNpp il
¢ —¢
JSor ®
_—g\ﬁ / 2 T
¢-——o0
| Béé@ﬁﬂg dn
Filler an@
Deseripbion: Giear - yellows upon irradiabion
Thickﬁeas of sh@eté 0.122 - 0.124 in.

Speed of tensile testing
Mean rate of siraiming: 0.3 - LA x 10°% units/sec.

Mpan rebe of stressing: 10 - 0 1vs/{sq. in.) (s=e.)
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FIGURE 9A STRESS STRAIN CURVES FOR PILE IRRADIATED CELLULOSE NITRATE
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TENTTE II
Classification: . éellulasic
Trade name: ; Tenite I
Company: Tennessee Eastman Corporation
Resin: Cellulose aeet#te butyrate
Formula:
- E  0coc -
c——Cc
/on H\
N
?-——-—-—-O
......... 5 Eé 0cC3,
R fa
Filler: Hone
Deseription: Opague, red. No change upon ’irrad.iatian '
Thickness of sheebs: 0.180 - 0.186 in.
Speed of temsile testing =
Mean rate of stralning: 0.9 - 1.% x 107" units/sec.

Mean rate of stressing: 10 - 20 1bs./(sq. in.) (sec.)
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FIGURE I0OA STRESS STRAIN GURVES FOR PILE IRRADIATED

GELLULOSE AGETATE BUTYRATE
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DWG.#11099
CELLBLOSE ACETATE BUTYRATE
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FIGURE 10 D



POLYTHENE
Classifization: Bthylene poiymer
Trede name: ‘ Pelythene |
Compsny: E. I. du Pont de Nemours & Company, Inec.
Resin: Polyethylene
Pormla:
[ ]
———
_ E H n
Filler: None
Deseription: | Translucent, blue-vhite; darkens upon
irradiation.
Thicknsss of sheetg: 0.190 - 0.19%4 in.
Syeed’of tensile tusting
u‘Mﬁan rate of straining:; 1.0 - 2.0z 10’h units/sec.

Mesn rate of stressing: 5 ~ 20 1bs/{sq. in.) (sec.)
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 FIGURE 1A STRESS STRAIN GURVES FOR PILE IRRADIATED POLYETHYLENE
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DWG.#11103
Volume Resistivity of 65 Mil Specimens
10'8 oyt ohm cm
0 ~ 10t
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0 > 600
15 500
Arc Resistance of 65 Mil Specimens
1018 nvi Ave ximee’ Manner of Failure
0 130 Melted
15 130 "

FIGURE 11 D



Classification: Chloroflnorcethylene polymer

Trade name: Fluorothene
Company; X-25 (Fluorothene is similar to Kel-F made by
the M. ¥W. Kellog Co.)
Resin: Monochlorotrifiuoroethyiene polymer
Formala:
F F
F C1 n
Filler: Rone
Description: Nearly transpavent, but slightly hazy.

Developes a orange-red tint upon irradiastion
Thickness of sheets: 0.122 - 0.128 in. |
Speed of tensile testing
Mean rate of straining: 0.9 - 1.9 x 10-% units/sec.

Mean rake of stressing: 15 - %0 Ibs./(sq. in.) (sec,’)
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G #11107
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TEFLON

Clasaificati@n: Flueroethylene polymer
Trade name: Teflon
Company: 1 E. I. du Popt e Nemwours & Co., Inme.
Besin: | Polytebtrafivoroethylene
Formila:

F

F F n
Filler: None
Description: Opaque, white. ,

No eolor chenge upon irrsdistion.

Thickness of sheets: 0.134F - 0.143 in.

Speed of teusile testing
Mean rate of straining: 0.h - 1.5 % 1D’h units/sec.

Mean rate of stressing: 5 - 12 1ba./(sq. in.) {sec.)
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FIGURE 13A STRESS STRAIN CURVES FOR PILE IRRADIATED TEFLON
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DURALON
Classifiecation: Furan resin
Trade name: Durslon ‘
Company: | U. S. Stonewatre Company
Resin: Furan
Formula:
H——CH H
By -
\0/ l
H n
Filler: Asbestos and carbon black
Deseription: Opaque, black - no color change upon
: irradistion.
Thickness of sheefs: 0.368 - 0.373 in.
Speed of tensile testing ‘
Mean rate of straining: Ok - 0.5 x 1(3,“h units/sec.

Mean rate of stressing: 20 - 30 1bs./(sq. in.) (seec.)
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Volume Resistivity of 175 Mil Specimens -

ohm em

109

10%° nvi
0
15

107

Dielectric Strength of 175 Mil Specimens

10;"8 nvt

volbs/mil

0

55

11

25

Arc Resistance of 175 Mil Specimens

Arc Resistance,

1018 v see Manner of Failure
0 b Carbonized
15 h 1 -

FIGURE 1% D



Clagsification:
Trade name:
Compeny:

Reain:

Form&la:

0

Filler:

Deseription:

Thickness of sheetbs:
Speed of tensile testing
Mesn rate of straining:

Mean rate of stressing:

0
h I N
— C(CHp)y— ——g* (CHp) gN —

- 98 -

NYLON FM-3003

Nylon resiu
X‘Iylon FM-3003
E. I. du Pont de Nemours & Co., Ine.

Polyamide

i 3

None

Translucent, blue-white.
Darkens upon irradistion.

0.223 - 0.270 4n.

0.8 - 1.3 x 107% units/sec.

20 - 40 1bs/(sq. in.) (sec.)



 STRESS - LBS/IN®

10,000~

8,000

g

R
3
O

2,000

_ UNCLASSIFIED
DWG.#11116

% BREAKING POINT

nvt=12.8x108
nvtz4.14x10°

nvtesligx10'®

- NON-IRRADIATED

—

0.4
STRAIN-IN./IN.

0.6

0.8

FIGURE I5A STRESS STRAIN GCURVES FOR PILE IRRADIATED NYLON FM-3003
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- 100 - UNCLASS IFIED

DWG.#1111
200 i 7
CURVE NO. 3
nd
3 150
>
-l
<
-
P4
L 100
o
o
z
td
(4]
x
ul
o 50
STy oi i ! 10 100
’ ‘ T 10" NvT
CURVE NO. PROPERTY INITIAL VALUE
! TENSILE STRENGTH 7,100 LBS./5Q. IN.
2 ELONGATION 70 %
3 ELASTIC MODULUS 2.3 x 10% LBS. /50 IN.
5 IMPACT STRENGTH . 048 FT.LBS./IN. OF NOTGH
130 T
Q
120}~ O
@)
|
11Ok R SCALE |
r/
100}

001 el A

[ - 0 {00
10'® NVT

ROGKWELL HARDNESS
FIGURE 158 NYLON FM 3003
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‘ DWG.#11118
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g 1.0 O
w 4@
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0 % T i I
0.00t ) Q.01 0.1 {

i0 i00
10'% NvT '

WATER ABSORPTION

FIGURE I5C NYLON FM-3003
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NYLON FM-10001

Classification: Nylon resin

Trade name: Nylons FM-10001 and FM-1

Company: E. I. du Pont de Nemours &’09., Inc.
Resin: Polyamide

Formula: k

0
Il [ H
— C(CBp)y—— € — N——(CHp) N —

Filler: None

Description: Translucent, blue-white.
Darkens upon irradistion.

Thickness of sheets: 0.103 - 0.11%3 in.
Speed of tensile testing
Mean rate of straining: 0.k - 1.h x 107% units/sec.

Mean rate of stressing: 20 - ko 1bs/(sq. in.) (see.)



UNCLASSIFIED
DWG.#11119

#* BREAKING POINT

10,000

nvtei2.8x10'®

nvts n.asxno"‘

nvt =0.68 x10'® ;

i
O

2
g

—

o

NON-IRRADIATED
¢

STRESS - LBS/IN®
©
Qo
®)

2,000

]

0.04 0.08

STRAIN—IN./IN.

o

FIGURE 16A STRESS STRAIN CURVES FOR PILE IRRADIATED NYLON-FM 10,00t

- 103 -

072



| UNCLASSTFIED
- 10k - ’ - DWG.3#11120

g

=)
Q

PER CENT OF INITIAL VALUE

50

001 Kell R i io 100
10'® NVT

CURVE NO PROPERTY INITIAL VALUE
| TENSILE STRENGTH T600 LBS./SQIN.
2 ELONGATION 62 %
3 ELASTIC MODULUS 2.0 X IO5 L8S./SQ. IN
4 SHEAR STRENGTH 7300 LBS./sSqQ. lN.*
5 IMPACT STRENGTH 2’.8 FT LBS./ IN. OF NOTCH

%

NYLON FM-| SPECIMENS USED FOR SHEAR STRENGTH , NYLON FM-{000!, FOR THE
OTHER PROPERTIES :

125

100

758 . -
Relell . . A 18 | ) 100
10° NVT

ROCKWELL HARDNESS

FIGURE 16B NYLON FM-1000I
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W3 : DWG.#11121
m N N
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FIGURE 16C NYLON FM-1000!
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NYLOH FM-1

UHCLASSIFIED
TG EE

Volume Resistivity of 140 Mil Specimens

1918 nvi ohm cm
0 1 x 1083
1

h x 1043

Dislectric Strength of 26-32 Mil Specimens

].0?'8 nvt volts/mil
0 860
5 860

Arc Resistance of 140 Mil Specimens

18 Arc Resistance,
107 nvb sec Manner of Failure
0 ‘120 Carbonized
0.29 100 "
1.7 8o .
7 10 "

FIGURE 16 D
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ASBESTOS-FABRIC BAKELITE

Classification: Phenolie, mineré.l—filled

Trade name: Bakelite |

Compeany: | Bakelite Division, Union Carbide and Carbon
Corporation

Resin: Ehenol—formldghyde

Formla:

Filler: ; Asbestos fabric (laminate)
Deseription: Opaque, brown with fabric texture.

Darkens upon irradistion.
Thickness of sheets: d.l?h - 0.128 in.
Speed of tensile testing
Mean rate of straining: 05 - 1.0 x 10°% units/sec.

Mean rete of stressing: 50 - 100 1bs./(sq. in.) (sec.)



STRESS - LBS./IN

UNCLASSIFIED
DWG.#11123

% BREAKING POINT

12,000 ;
: 8 NON-IRRADIATED

////,/f’*

nvt=30%10'

10,000

8,000 4 /

6000 |-

4000

2000

0 0005 0.0t 0.015 0.02
STRAIN=-IN./IN.

FIGURE I7TA STRESS STRAIN GURVES FOR PILE IRRADIATED ASBESTOS FABRIC PHENOLIC
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DWa.#1112k
150 :
W ’ :
ot
b= CURVE NO. 3 @ :
> ® [ \ €)) CURVE NOS. 1 8 4
= |
< 100 i ‘ ~ )= ;
= ®
=z CURVE NOS. 2 B 5
w ®
S ® ®
fu—
= 50 @
1]
(&
o«
w
o
o &
000! ooL o1 1 10 100
| 10'® NVT |
CURVE NO. PROPERTY INITIAL VALUE
| TENSILE STRENGTH 11,000 LBS./SQ.IN,
2 ELONGATION 1.3 % 5
3 ELASTIC MODULUS 18 X 10° LBS./ 80 IN.
4 SHEAR STRENGTHN 15,000 LBS/SQ IN.
5 IMPACT STRENGTH 52 FT LBS./IN. OF NOTCH
i
30 T T

CURVE NOS. 6 &7, °<a R SGALES\

P e

® ®©

000! oot o 18 I 0 100
: , 10 NVT ~

ROCKWELL HARDNESS

FIGURE I7TB ASBESTOS FABRIC PHENOLIC
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DWG.A11125

2
l__
50
O n Q.0 OO O
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10 NvT
CHANGE 1IN WEIGHT
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10'8 NVT
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v ,
& J

o ;

0.001 0.01 0.4 | [Ke]

10NV T
WATER AB8SORPTION

FIGURE |7C ASBESTOS FABRIC PHENOLIC



- 111 - UNCLASSIFIED
: DG $11106

BAKELTTE, ASBESTOS FABRIC FILLER

Volume Resistivity of 138 Mil Specimens

1018 vt | olm em
O 2 x 109
6 ' 1 x 1010

Dielectrie Stremgth of 138 Mil Specimens
18 ‘

107 nve volts/mil
4] . 8o
9 100

Arc Resistance of 138 Mil Specimens

18 Arc Resistance, :
107 nvt sec Manner of Failure
0 4 . Carbonized
9 h ”"

FIGURE 17 D
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. ASBESTOS-FIBER BAKELITE

Classification:
Trade name:

Company:

Resin:

Formmla:

t.<

Filler:
Degeription:
Thickness of sheets:

Speed of tensile testing

Mean rate of straining:

Mean rate of stressing:

Phenolie, mineral<filler
Bakelite ‘

Bakelite Division, Union Carbide and Carbon
Corporation

Phenol—farmal&ehyﬁe

Asbestos fiber
Opaque, brnwn; - darkens upon irrsdiation

0.129 - 0.131 1n.

0. - 0.7 x 10-% units/sec.

75 - 100 1bs/(sq. in.) (see.)



STRESS—LBS./IN

UNCLASSIFIED
WG.#11127

12 050 % BREAKING POINT

12,000

2 NON—IRRADIATED

nvt=30X10'®

10000
8,000 A%%

6,000

4 000

2 000 |-

0 0.005 0.0l 0.015 002
STRAIN - IN./IN.

FIGURE |I8A STRESS STRAIN CURVES FOR PILE IRRADIATED FIBER ASBESTOS PHENOLIC
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PERCENT OF OF INITIAL VALUE

- 114 - : UNCLASSTIFIED
' DWG.#11128

200
150
/cuave NO. 483
100 Q% @
@
CURVE NOS. [,2,8 58 ® @ @
®
50} @
0
.00} 0l 1 s ! 10 100
10 NVT :
CURVE NO. PROPERTY INITIAL VALUE
! TENSILE STRENGTH 12,200 LBS./SQ.IN
2 ELONGAT{ON 081%
3 ELASTIC MODULUS 25 X 10° LBS /sQ. IN.
4 SHEAR STRENGTH 11,000 L8S./SQ.IN.
5 IMPAGT STRENGTH 1.02 FT.LBS./IN. OF NOTGH
130 , -
CURVE NOS. 6 8 7, < & R SCALES @
| | \
szo@
1o : I
001 .01 1 i Y 100
0'® NvT

ROCKWELL HARDNESS
FIGUREIS8B FIBER ASBESTOS PHENOLIC
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DWG.#11129
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FIGURE I8C FIBER ASBESTOS PHENOLIC
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DHG.#11130
BAXKELITE, ASBESTOS FIBER FILLER
Volume Resistivity of 130 Mil Specimens
1038 nvt ohm em
0 2 x 1039
9 3 x 1010
Dielectric Strength of 130 Mil Specimens
1018 vy volts/mil
0 166
9 200
Arc Resistance of 130 Mil Specimens
18 Arc Resistance,
10 ovt sec Manner of Ea.ilnre
) b ~ Carbonized
9 4 : "

FIGURE 18 D
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EAVEG 41

Classificabion: ‘Phen@lic, minersl filler
Prade neme: Haveg 41
Cowpasy: Haveg Carporatien
Resin: Phewol-formsidehyie
Forenls;

H

Y e

B

i d=
Filler: ‘ Asbestos
Deseription: Opaque, brown - Darkens upon irradiation
Thickness of shestg: O.%% - 0.5% in,
Spead of tensile Yesting
MEaﬁ rate of straining: 0.2 - 0.4 x 10°% anits/sec.

Mean rabe of stressing: 18 - 22 lbs./(sq. in,) (sec.)



STRESS- LBS./INZ

4,000

3,000

2 D00}

1,000

UNCLASSIFIED
DWG.#11131

% BREAKING POINT

NON- IRRADIATED @&
nvt = 12.8X 1018

0.0l 0.02 0.03
STRAIN=IN.ZIN.

FIGURE ISA STRESS STRAIN CURVES FOR PILE IRRADIATED

PHENOLIC BONDED ASBESTOS (HAVEG 41)
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UNCLASSIFIED

- 15 - DWG.#11130
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o
w
D
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; E
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001 .0l 1 8 ] 10 100
{0 NVT
CURVE NO. PROPERTY INITIAL VALUE

! ' TENSILE STRENGTH 3500 L8S./5Q IN

2 ELONGATION 05 %

3 ELASTIC MODULUS 10 X 107 LBS /50 IN.

5 IMPACT STRENGTH 031 FT LBS /IN OF NOTGH

120 : l : |
x;o(;} ( —/ Cg(ﬂ > :@—8
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001 0l 4 e 1 10 100
10 NVT
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FIGURE I9B PHENOLIC BONDED ASBESTOS{Haveg4!)
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WG.$11133
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FIGUREI9C PHENOLIC BONDED ASBESTOS(Haveq’M)



Classification:
Trade name:
Compargy:

Resin:

Formla:

Filler:

Deseription:

Thickness of sheets:
Speed of tensile testing
Mean rate of straining:

Mean rate of stressing:

B Qi

- 121 -

Phenolic, mineral filler
Karbate

Bational Carbon Company, Ine.
Pheml-fnmlﬂeh;yde

Graphite

Opaque, black. ,
HNo color change upon irradiation.

0.12k - 0.125 in.

0.1 - 0.3 x 107k units/sec.

20 - 30 1bs./(sq. in.) (see.)



. STRESS ~LBS./IN?

UNCLASSIFIED
WG #1113

% BREAKING POINT

4000
o nvi=8.2 X10'8
nvt=6.03 X 10'8

3,000 |
N § NON-IRRADIATED

2000 %
1000 -

{ ]
o | 0.001 | 0002 0003 0004
STRAIN ~ IN./ IN. . ‘ “

FIGURE 20A STRESS STRAIN CURVES FOR PILE IRRADIATED PHENOLIC BONDED GRAPHITE
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UNCLASSIFIED
WG #11135
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FIGURE 20B PHENOLIC BONDED GRAPHITE
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, UNCLASSIFIED
DWG.#11137

Since this material is not a good insulator, no measurements of
resistivity or arc resistance were made. ‘

Dielectric Strength of 124 Mil Specimens

1028 nvt | volts/mil
0 70
15 ' 70

FIGURE 20 D



PAPFR-BASE BAKELITE

Classification: Phenolie, organic filler

Trade name: Bakelite
Company: Bakelite Division,

‘ Union Carbide and Carbon Corporation
Resins | Pheno] -formaldehyde
Formila:

OH "
€~
H
n
Filler: Paper base {laminate)
Description: ﬁ ‘ Opaqne, black.

¥o eolor change upon irradiation.
I‘hiékness of tensile and impsct specimens: 0.183 - 0.191 in.
Thickness of shear speeimens: 0.126 - 0.131 in.
Speed of tensile testing
Mean rate of straining: 0.4 - 1.0 x 107% units/sec.

Mean rate of stressing: 4o - 70 1vs/(sq. in.) (sec.)



14,000
12,000

10,000

@®
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O
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STRESS - LBS./IN?
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©
O
(o)

4,000

2,000

UNCLASSIFIED
DWG.#11138

% NON'IRRADIATEP

% BREAKING POINT

avts 0.17 X 10'8

|

nvtsL2X IO'8

nvts 5.5)(!()'8

{

{

0

0.0t

Q.02
STRAIN- IN./IN.

0.03

0.04

FIGURE 2IA STRESS STRAIN CURVES FOR PILE IRRADIATED PAPER BASE PHENOLIC
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PERCENT OF INITIAL VALUE

- 128 - UNCLASSIFIED
DWG.#11139
i
@
o——CURVE NO.3
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1 TENSILE STRENGTH 12,100 LBS. / 5Q. IN.
2 ELONGATION 1.8 %
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4 SHEAR STRENGTH 14,400 LBS./SQ. IN,
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FIGURE 21B PAPER BASE PHENOLIC



PER CENT
DECREASE

25°%4° C

PER CENT

: , UNCLASSIFIED
- 129 - WG.#11140
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FIGURE 21G PAPER BASE PHENOLIC
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DWG. #1111

BAKELTTE, PAPER BASE

Volume Resistivity of 125 Mil Specimens

1018 nvt | ohm cm
0 | 3 x 1041
3 | 2 x 102
9 t 2 x 103

Dielectric Strength of 125 Mil Specimens

1038 nve | volts/mil
0 > 250
5 : 2h0

Arc 3esistance of 125 Mil Specimens

Arc Resistance,

1018 nvt __sec , Manner of Failure
0 2 Carbonized
9 , 2 "

FIGURE 21 D



LINEN-FABRIC BAKELITE

flassificabion: Prenolic, organic filler
Trade peame: Bakelite
Company: Bakelite Division,

Union Carbide snd Carbon Corporation

Resin: Fhenol-formaldehyde
Foranla:

Of

\ E

R

SV o
- - 1 n
il o
Fillew: Linen fabris {laminute)
Deseripition: Opaque, brown with Tabric-texture.
Darkens wpon irrsdiastion.
Thizkness of sheets: 0.253 - 0.259 in.

Speed of tensi

: . b
Mean rate of straining: 0.5 « 1.4 x 107% units/sec.

: : 1 { @ 2 {
Mean vebe of shiressiang: 3 - 70 1bs/{zq. in.) {zec.)



 STRESS - LBS./IN.

10,000

% BREAKING POINT

" UNCLASSIFIED
DWG.#111k2

12000

nvi=0.0078 XI0

////

NON-IRRADIATED

8,000
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4,000

2 00O
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nvi= 50X 10'C

i
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0.02
STRAIN- IN/IN.

0.03

FIGURE 22A STRESS STRAIN CURVES FOR PILE IRRADIATED
PHENOLIC, LINEN FABRIC LAMINATE
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DWG.#11143
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FIGURE?22B PHENOLIGC LINEN FABRIC LAMINATE
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FIGURE 226 PHENOLIC LINEN FABRIC LAMINATE



Classification:
Trade name:

Company:

Resin:

Formilia:

OH

Filler:

Descripbion:

Thickness of sheets:

Speed of tensile testing

Mean rate of straining:

Mean rate of stressing:

~ 135 -~

MICARTA

Phenolic, organic filler
Micarta |

Micarta Division,
Westinghouse Electric Corporation

Phenol -fo:mldchyﬂe
H
C
H
n

Paper (laminate)

Opaque, brown.
Darkens upon irradistion

0.254 - 0.257 in.

0.k - 1.0 x 10°% units/sec.

o - 70 lbs_/(sq. in.) (sec.)



2

STRESS- LBS./IN.
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DWG.#111k5

% BREAKING POINT

12,000

10,000 NON-IRRADIATED
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8000

600 |-

4000 ///

nvt20.54 X IO'e

2000

avt=8.58 %108

0 0005 0.0t 0.015 0.02

STRAIN—IN./IN.

FIGURE 23A STRESS STRAIN CURVES FOR PILE IRRADIATED PHENOLIC LAMINATE (MICARTA)
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INITIAL VALUE

PER GCENT OF

- 137 - | UNCLASSIFIED

DWG.#11146
CURVE No.:',X
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3 : ELASTIC MODULUS 10.4 X 105 .BS./SQ. IN.
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FIGURE 23B MICARTA (PHENOLIGC LAMINATE)
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CATALIN UNFILLED PEENOLIO

Glaﬁﬁifi@a@f@m; , Fhennlic, no Tiller

Trede nane: Patsiia

Company: Cetalin Corporstion of America
Fesin: Pheosl-Forusldehyde

’d
N
£

Filler: None

Besceripbion: Opagque, yeliow-white.
Darkecs wpon irradiation.

%

“hickn

yid

3

=50 of shesbe: G.AT8 -~ 0,181 in.
Speed of tensile testing

; .k
Mean rabe of 0.9 - 1.5 % 1077 units/sec.

s
0
e
g
t};
5
ﬂff

; = ~ " 1 .
Mean rate of shressing: 20 - 60 Ibz./{sg. in.) (sec.)
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STRAIN-IN./IN.

FIGURE 24A STRESS STRAIN OURVES FOR PILE IRRADIATED UNFILLED PHENOLIC
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INITIAL VALUE

PER GENT OF

ROCKWELL HARDNESS

_1n1 - UNCLASSIFIED

DWG.#11149
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CURVE NO. PROPERTY INITIAL VALUE
1 TENSILE STRENGTH 10,000 LBS./SQ IN.
2 ELONGATION 2 %
3 ELASTIC MODULUS 6 X105 Les / sq. iN.
4 SHEAR STRENGTH 8,600 LBS. / SQ. IN.
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FIGURE 24B UNFILLED PHENOLIC



- 1ko - , UNCLASSIFIED

DWG.#11150
4 o -
uJ : ‘ )
) |
<
w , : |
a 3 ‘ !
8 Af*CHiPPlNG
: ¢
2 ]
=z |
ul |
o L /
o /
ul A %/
a.
o . 4..(’\),_7 | lU
0.00I 0.01 .0l | 10
08 NVT
CHANGE IN WEIGHT
N ™
o "3<ﬁ O— -0y
~~~~~~~ v
e
Te]
o |.2 o
Rt
000! 0.01 0.1 i : 0
08 NVT ~
SPECIFIC GRAVITY
- 2
2
w
O
x L
w
Q.
?; —O—
. . |

0,001 0.0l ol i , 10
10'8 NV T

WATER ABSORPTION

FIGURE24C UNFILLED PHENOLIC



UNCLASSIFIED
WG.F#11151

Volume Resistivity of 180 Mil Specimens

108 oyt

obm om
o 10t
2 1012

Dielectric Strength of 180 Mil Specimens

1018 nvi volts/mil
0 > 170
2 > 170

Arc Resistance of 180 Mil Specimens

Are Resistanee,

1018 vl see - Manner of Failure
0 5 Carbonized
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FIGURE 24 D



Classification:
Trade name:

Company:

Resin:

Formils:

o

- 1kh -

CR-39

Polyester resin
CR-39

Columbia Chemical Division,
Pittsburgh Plate (lass Company

Allyl diglyeol carbonate

= Rl

o
m(m//

Filler:
Deseripbion:
Thickness of sheets:

Speed of tensile tesbing

Mean rate of straining:
Mean rate of stressing:

Q===

|

H
(e  ——C - 0——CH
H

O
»

BE H
S QU -
S
CH
H

H
B
—_—
H H n

None
Clear - Darkens upon irrsdiation
0.116 - 0.121 in.

b

0.8 - 1.6 x 107" units/seec.

10 - 30 1bs./(sq. in.) (sec.)
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STRESS - LBS./IN,

s -

UNCLASSIFIED
DWG.#11152

¥ BREAKING POINT

10,000
8,000
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FIGURE 25A STRESS STRAIN CURVES FOR PILE IRRADIATED

ALLYL DIGLYCOL CARBONATE




INITIAL VALUE

PER CENT OF

-1);6_

UNCLASSIFIED
DWG.#11153

250
200
150
GURVE NO.2
100
50
GURVE NO. 3
@
GURVE NO.| — D
1
0.001 0.01 0.1 i 10
108 NVT
CURVE NO. PROPERTY INITIAL VALUE
| TENSILE STRENGTH 6,700 LB8S./ SQ. IN.
2 ELONGATION 2.4 %
3 ELASTIC MODULUS 2.8 X105 LBS. /S0Q. IN.
4 SHEAR STRENGTH 5,000 L8S./ SQ. IN.
: 5 IMPACT STRENGTH 0.35 FT. LBS. / IN. NOTCH
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- R SCALE
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FIGURE 25B ALLYL DIGLYGCOL

CARBONATE
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‘ DWG.#11155

CR-39

Volume Resistivity of 125 Mil Specimens

1018 nvt : ohm cm
0 > 10i¥
1.5 6 x 1013
3.0 , 2 x 1012

Dielectric Strength of 30 Mil Specimens

108 nvt volts /mil
_______ 0 ? 850
3 600

Arc Resistance of 125 Mil Specimens

18 Arc Resistance, :
10** nvt sec 1 Manner of Failure
o 120 ] Melted
5 120 »

FIGURE 25 D
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PLASKON ALKYD
Classifiecation: Pblyester resin
Trade name: Plaskon Alkyd
Company: Piaskon Division,
Libtbey~-Owens-Ford ¢lass Company
Resin: Polyester
Formals: _
H H
__7«~‘T
O OO0 g Rt
......... ii i' . {) b
. 6 0 in
Filler: Mineral filler
Description: Opague, light brown.
No ¢olor change upon irradistion.
Thickness of sheets: 0.109 - 0.156

Speed of tensile testing
Mean rate of straining: 0.1 - 0.2 X IO“h wnits/sec.

Mean rate of stressing: 4o - 80 ibs./{sq. in.} (sec.)



STRESS - LBS./IN2
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DWG.#11156

% BREAKING POINT

8000

6000 |

NON - IRRADIATED

iy

Aﬂiex 10'8

2000 |-

) 000! 0.002 0.003 0004
STRAIN-IN./IN. o SRR

FIGURE 26A STRESS STRAIN CURVES FOR PILE IRRADIATED PLASKON ALKYD
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: DWG.#11157
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CURVE NO. "PROPERTY INZITIAL VALUE
i TENSILE STRENGTH 4,700 LBS./SQ. IN.
2 ELONGATION ‘ 0.17 %
3 ELASTIC MODULUS 32 x 109 LBs./saq N
4 SHEAR STRENGTH 7,000 LBS./8Q. IN
5 IMPACT STRENGTH 0.39 FT. LBS./IN. OF NOTCH
130 ;— T . T

N\
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FIGURE 26B PLASKON ALKYD
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: WG.#11159

PLASKON ALXYD

Volume Besistividy of 120 Mil Specimens
i

10*" nvt - ohm em
0 | > 1014
1 ‘ > 10M#
13 3 x 1043

Dielectric Strengbh of 120 MiL Spec}.mens

108 avt : volts/mil
0 : > 250
7 f > 250
13 k 2h5

Arc Resistanece of 120 Mil Specimens

18 Arc Resistance,
10 nvt see Maoner of Failure
0 180 Carbonized
13 180 "

FIGURE 26 D
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Clagsification: Pdlyester resin
Trade name: Selectron 5038
Company: cdlmgbia Chemical Division,
Pittsburgh Plate Glass Company
Resin: Polyester
Formal 'a: [
H ®H H O
— G G o G e
L
~0—C  C— OCH,CHx0 mﬁ—-—ng*——
- § 8
6 0 J n
Filler: Xone
Deseription: Clear - darkens upon irradiation
Thickness of sheebs: 0.238 - 0.271 in.
Speed of tensile testing
Mean rate of straining: 1.2 - l.hx 1074 units/see.

Mean rate of s‘ﬁressing: 3 - 4o 1bs/(sq. in.) (sec.)



UNCLASSTPIED
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%* BREAKING POINT
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l ; L N -
0 o N 005 010 ol 20
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FIGURE 274 STRESS STRAIN CURVES FOR PILE IRRADIATED POLYESTER (SELEGTRON 5038)
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INITIAL VALUE

PER CENT OF
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~50

156 UNCLASSIFIED
- 156 - ; DWG.#11161

CURVE NO.3
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100 p=

@ @®

CURVE NO. 2 --
3

0 {
0.001 0.01
CURVE NO. PROPERTY
! TENSILE STRENGTH - 2,000 LBS./SQ. IN.
2 ELONGATION 20 9, ﬁ
3 ELASTIC . MODULUS 0.58 X 105 L8s./50Q. IN.
4 SHEAR STRENGTH 3,100 LBS./SQ. IN.
5 IMPACT STRENGTH 0.73 FT. LBS./IN. OF NOTGCH
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FIGURE 27B POLYESTER (SELECTRON 5038)
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- 158 . | UBCLASSTFIRD
DWG.#11163
SELETRON 5038 |

Volume Resistivity of 250 Mil Specimens

1048 nrd ohm em
o 1x 0™
3 | 6 x1pl®
7 | > 101k

Dielectric Strength of 21 Mil Specinens

1018 pes | volts /mil
o | 800

3.0 ‘ 800

Arc Resistance of 250 Mil Specimens

Arc Resistanee,
1018 nvt see Marmer of Failure
O 63 ; Melted
?’ | 69 1

FIGURE 27 D
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AMPHENOL POLYSTYRENE

Classificabion:
Trade name:
Company:

Resin:

Formila:

Filler:
Deseription:

Thickness of tensile
and impact specimens:

Thickness of sheay
specimens:

8peed of tensile testing
Mean rate of stiaining:

Mean rate of stressing:

‘Btyrene polymer

Amphenol
American Phenolic Company

Polystyrene

KHone

Clear - Darkens upon irradiation
0.123 ~ 0.132 in.
0.07 in. - 0.09 in.

0.5 - 1.2 x 107% units/ses.

20 - 50 1bs/(sq. in.) (see.)



UNCLASSIFIED
DWG.#11164
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FIGURE 28A STRESS STRAIN CURVES FOR PILE IRRADIATED POLYSTYRENE (AMPHENOL)
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INITIAL VALUE

PER CENT OF

UNCLASSIFIED

- 161 - | DWG.#11165
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0 : ;
.00 o 0.1 | 10
‘ 108 NV T
CURVE NO. PROPERTY INITIAL VALUE
! TENSILE STRENGTH 1,800 LBS./SQ. IN.
2 ELONGATION , 0.32 %
3 ELASTIC MODULUS 5.8 X 105 1L8S./SQ. IN.
4 SHEAR STRENGTH 3,500 LBS./ saQ. IN.
5 IMPACT STRENGTH 0.19 FT. LBS./IN. NOTCH
130 T 1 1
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R SCALE O O
120 O e
| |
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FIGURE 28B POLY STYRENE (AMPHENOL)
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FIGURE 28C POLYSTYRENE (Amphenol)
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AMPHEROL

UNCLASSTFIED
me.#mﬁ?

Volume Resistivity of 9C Mil Specimens

1028 nvt obm cm
o > 1038
9 7>'101’*

Dielectric Strengbh of 19 Mil Specimens

1018 ovt volts/mil
0 1600
9 1300

Arc Resistance of 90 Mil Specimens

8 , Arc Resistance,
101° nvt sec Manner of Failure
0 v 310 Melted
13 26 Carbonized

FIGURE 28 D



- 164 -

STYRON ki1C
Cmssification: |  Styrene polymer
Trade name: Styron ¥11-C
Company: Dow Chemical Company
Resin: Polystyrene
Fonhla:
H H
—— O
' B
n
; Filler: White pigment
Description: ‘ White, epaque;- darkens upon irradistion
Thiclkness of sheets: 0.10 - 0.13 in.
Speed of tensile testing |
Mean rate of straining: 0.5 - 1.2 x 107* units/se¢.

Mean rate of stressing: 20 - 50 1be/(sq. in.) (sec.)
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PERCENT OF INITIAL VALUE
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- 166 - , WG.$#11169
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- ®
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0.001 0l 1 10 100
10'® NVT
- CURVE NO. PROPERTY - INITIAL VALUE
) TENSILE STRENGTH 4,400 LBS./ SQ.IN.
2 ELONGATION 1.0 %
3 ELASTIC MODULUS 2.8 x%10° ,
4 SHEAR STRENGTH 5,500 LBS./ 5Q. IN,
5 IMPACT STRENGTH 0.20 FT. LB./ IN. NOTGH
130 l |
l\f R SCALE
28 ~ 0 O0——&-po
1o oC SCALE ~Q0. .0 q ’O,___Q
\—a
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FIGURE 298 POLYSTYRENE {STYRON 4!210)
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FIGURE 29C POLYSTYRENE (STYRON 4(1C)
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. we.A1un
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Volume Resistivity of 125 Mil Specimens

) | > 1{311‘
13 ~ 10

Dielectric Strength of 25 Mil1 Specimens

1018 nvt

volts/mil
0 : 1000
7 1000

Arc Resistance of 125 Mil Specimens

18 Arc Resistance,
107 nvt see Marmer of Failure
0 50 Carbonized
13 50 n

FIGURE 29 D
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STYRON 475
Ciassification: | Styrene pol;yﬁer
Trade name: | Styron 475
Company: Dow Chemiecal Company
Resin: Polystyrene |
Formia:
H H
e (e
H
n
Filler: ' Black pigment
Deseription: Blaek, opaquef- No color change upon
~ irradiation. :
Thickness of shests: 0.10 - 0.11
Speed of tensile testing
Mean rate of straining: 0.9 - 2.0 x 10°% units/sec.

Mean rate of stressing: 20 - 50 ,l’bs./(sq. in.) {sec.)
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DWG. 411172

% BREAKING POINT

8000
nvte15.2xi0"
6,000
o

=
< 18
P nvte=4.56xi0
4 | | - | , e NON-IRRADIATED
; 4,000 5
) AV 1:0.025x10 #/"
td
o S
’-
(2]

2,000

o} { z | {

0 004 008 / 0.2 . 0l6
' - STRAIN — IN.ZIN.

 FIGURE 30A STRESS STRAIN CURVES FOR PILE IRRADIATED POLYSTYRENE (STYRON-475)
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PERCENT OF INITIAL VALUE
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4 SHEAR STRENGTH 5600 LBS /SQ.IN.
5 IMPAGT STRENGTH 0.67 FT LBS/IN.OF NOTCH
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FIGURE 30B POLYSTYRENE (STYRON 475)
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STYRON 475

UNCLASSIFIED
DWG. 11175

Volume Resistivity of 100 Mil Specimens

1018 nvd ohm cm
0 < 104%
9 ~. 1014

Dielectric Strengbth of 25 Mil Specimens

1018 nvt

volts/mil

0

1160

9

1000

Arc Resistance of 100 Mil Specimens

Arc Resistance,

1018 nvt sec Manner of Failure
0 60 Carbonized
11 60 "

FIGURE 30 D
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POLECTRON
Clasgification: Vinyl polymer
Trade name: Poleetron
Company: General Aniline and Film Corporation,
: Easton, Pa.
Resin: ' Polyvinyl carbazole
Formula: :
bl
\VAN ~
N
—(H—CH,— | =n
Fillev: ' Yone
Descripbion: Opaque, light fan
Darkens upon irradisbion.
Thickness of sheets: 0.141 - 0.157 in.

Speed of tensile testing ;
Megn rate of straining: 0.% - 0.7 x 10~% units/sec.

Fean vate of stressing: 20 -« 30 lbs/{sq. in.) {sec.)
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FIGURE 31A STRESS STRAIN CURVES FOR PILE IRRADIATED POLYVINYL CARBAZOLE
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POLECTRON
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FIGURE 31 D
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SARAN B-115
Classification: Vinyl polymer
Trade name: : Saran B-115
Coupany: Bow Chemical c
Resin: ~ Vinyl-vinylidene chloride polymer
Formala:
c1 H Cl ¥
—C—C—C—C—
¢l ®H H H n
Fillex: : Hone
Deseription: Traniucent, yellew-tan.
: Turns black after a short period
of irradistion.

Thickness of sheets: 0.130 - 0.133 in.
Speed of tensile testing '
Mean rete of straining: 1.8 - 2.h x 10-% units/sec.

Mean rate of stressing: 10 - 20 1bs./(sq. in.) {sec.)
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FIGURE 32A STRESS STRAIN CURVES FOR PILE IRRADIATED SARAN
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UNCLASSIFIED
DWG.#11181
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2 ELONGATION - 200%
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FIGURE 32B SARAN
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SABAN B-115

Volume Resistivity of 130 Mil Speeimens
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FIGURE 32 D
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VINYLITE VINYI, CHLORIDE ACETATE
Classification: Vinyl polymer
Prade name: Vin;ylite
Company: Bakelite Division,
Ynion Carbide and Carbon c()mration

Resin: Y:myl chloride acetate polymer
Formmla:

" m cL E HH CL

—g—C—C—C—C~C—
HHE H| HEH
0 :
=é ~CH. n

. : —
Filler: ﬁone
Desceription: Clear - turns black after a very short

Thickness of Sheets:

Speed of tensile testing

Mean rate of straiping:

Mean rate of stressing:

period of irradiation..

0.130 - 00132 in-

0.7 - 1.5 % 10-% units/sec.

{30 - 60 1bs/(sq. in.) (sec.)
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FIGURE 33A ST‘RESS STRAIN CURVES FOR PILE IRRADIATED VINYL CHLORIDE ACETATE
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FIGURE 33B  VINYL CHLORIDE ACETATE
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FIGURE 33 D
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Test for Tensile Strength
{s wodification of ASTM: D638-hor)

Tescripbion

4 Baldwin Sowthwark universal vesting machine with recording extensiometer

{shown in figure 53} was used for this test. The test specimen is shown in

Figure 42. The speed of testing which is defined as the veloeity of separation

of the grips vhen running under no load, was 0.05 inches per mimute wmtil a

strain of 0.02 was reached at which point the rate of crosshead movewent was

increased to 0.20 inches per minute and maintained there unitl failure of the

specinen.
gmcedure

{1)

{(2)
(3)
(1)

(5)
(6}

Measure the width and thickness of the specimen with the micrometer
(figure %3) before irradiation. Reecord the minimm value of cross
section as determined from several measurements taken along the
length of the specimen. '

After irradiastion, condition the specimen for 7 days at 25 ¢ 1 oc and
50 + 2% bumidity.

Align the specimen in the grips, abbach the extensiometer, start the
mackine and the recorder, and adjust the speed to 0.05 in./min.

After the sirain has passed 0.02, increase the speed to 0,20 in. /min.
and mairtain kere until failure.

Record the meximom load csxried by the specimen during the test.

Record the exbension at the moment of rupbuve.

Caleulations

(1)

Tensile Strength is caleulated by dividing the maximm lcad in
pounds by the orviginal minimm cross-seetional ares of the specimen
in square inches.
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{2} Percenbage Elongalion is the extension st the moment of rupture
of the specimen divided by ithe original dishkance bebween gage
mayks and mliiplied by one Inmdred.

{3) ¥econ Babe of Stressing is the tensile load earried by the specimen
when the strain reaches 0,02 or at the moment of rupture, whichever
occurs firesh, divided by the original minimm cross-sectional area
of the zpecimen, and then divided by the time in seconds, measured
Trom the beginning of the test, reguired to attain the tensile load
apd shtrain.

{4) Mean Rate of Straining is the strain at the point aescri'bed in {3)
divided by the time in secands

{5) Elastic Modulus is the slope of the J.nitia.l linear portion of the
stress-strain cerve.
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FIGURE 42 TEST SPECIMENS
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FIGURE 43 DIAL GAGE MICROMETER



*

FIGURE 44 TENSILE STRENGTH TEST
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Test for Shear Strength (Double Shear)

(a2 modification of Federal Specification 1041, L-P-LO6a, p 12)

Description
The Johnson - type shear tool was used with self-aligning compression
plates as shown in figure U5, The test specimen was 3 inches in length by
1 inch in width by 1/16 inch to 1/4 inch in thickness. The rate of head
travel under load was 0,02 in./min.
Procedure
(1) Measure the width and thickness of the specimen with a micrometer
before irradiation. Record the average value of cross-section
as determined from several measurements taken along the length of
the specimen.

(2) After irradiation condition the specimen for 7 days at 25 + 1 ¢
and 50 + 2% humidity.

(3) Align the specimen in the shear tool, start the machine and adjust
the speed to 0.02 in./min., contimnue this speed until failure of the
specimen.

(%) Record the maximum load. The shear strength is the load divided by
twice the cross-sectional area of the specimen.



FIGURE 45 SHEAR STRENGTH TEST
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Pest for Impact Strength
(a modification of ASTM: D 256-4TF)

Descripbion

This test is intended to determine the relative susceptibility to
fracture by shock as indicated by the emergy expended by a Baldwin pendulum
cantilever beam impact testing machine of Izod type (shown in figure 46) in
breaking a standard specimen (shown in figure 42) in one blow.
Procedure

(1) Measure the thickness of the specimen at the notch with a
micrometer before irradiation.

(2) After irradiation condition the specimen for 7 days at 25 + 1 %
and 50 + 2§ humidity.

(3) Clamp the test specimen rigidly with the center line of the notch
on the level of the top of the clamping surface so the blow will
be struck on the notched side.

(4) The impact strength is the breaking emergy in foot-pounds divided
by the thickness of notch in inches.
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Test for Rockwell Hardness
(a modification of ASTM: D 785-48T)

Description

Hardness readings were taken of the Rockwell R and o scales with a
Rockwell long stroke (PL) machine (figure 47),

In the Rockwell R scale test a 1/2 inch steel ball indentor and a 60
kilogram major load are employed. The timing of the application of the load
is important for many materials. The proportion of the indentation which is
recovered on removal of the major load is also significant for many materials,
and therefore measurements based on the recovered depth of penetration are
not a measure of resistance to indentation under load.

The Rockwell « scale test is a measure of indentation under load. In the
Rockwell ¢ scale test a 1/2 inch steel ball indentor and a 60 kilogram major
load are again employed, but the reading is taken while the major load is
applied. A correction is made for the deflection of the frame of the machine
under the major load.

Procedure for the Rockwell R Scale

(1) Condition the test specimen for T days at 25 + 1 % and 50 + 2%
Midityo

(2) Apply‘the minor load and set the dial gage at O within 10 seconds
after applying the minor load.

(3) Apply the major load immediately after the zero setting has been
completed.

(4} Remove the major load after exactly 15 seconds.
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Tuke the reading on the ved seale exactly 15 seconds after
removing the major load. EBecord the readings ss follows:

G‘mmt the nmurber of tTimes the needle passzed through zers
on the red seale on the appliestion of the major load. Subtrach
from this the pumber of times the nsedle passes through zero upon
the removal of this losd. I ths difference iz zere, the reading
iz over 100; if the difference iz 1, the reading 18 bebween O and
100; if the differesnce 1s 2, the reading 1s the scale yeading
winug 100,

With $he long stroke (PL) mmckine, the range of the R scale

iz 250 divisions (from ples 130 4o mimus 120).

Frocedurs for the Pockwell o Scals

Nobe:

The muwbers shown on the standard dial are not used, but the
actual aumber of scale divisions representing indentation are
counbed.

(1) Dstermine the dsflechion of the frame under the 60 kilogram load:

Use a 300t copper block as sample and a 1/9 ineh indentor.
Apprly the major load by tripping the lever. (The dial gage now
Indicates the Indentation plus the spring of the frame and any
otker elastic compressive deformalbion of the penstrator spindle
and penebrator.) Repsat this operation withou? moving the bloek
unkil the deflection of the dial mage becomes constant. (Ho
Parther indenbation Sskes place and cvly the spring of the in-
stragert remains,) Record this dial gage 1ndicabior 28 the

correchion for the 8afleckion of the frame.
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(2) Tow apply the minor load to the %est specimen and set the dial
gage at zero within 10 seconds after applying the minor load.

(3} Apply the major load immedistely afber Lthe zero setting has
been completed.

(4) BRead the disl exactly 15 seconds afber the trigger bas been
tripped o apply the major load.

(3} The value of indentabion undey lcad is taken as the reading
recorded in (%) minus the correction recorded in (1).

(6} The hardness on the alpha Rockwell scale 1s 150 mimuas the in-
dentation under load calculated in (5). (With the long stroke

(FL) machins, the range of the ¢ scale is 250 divisions or
fromw plus 150 o minus 100.)

Tect for the Change in Weight
Deseripbion
The impact shrength test speeimen shown in figore %2 was weighed before
and after irradisbion.

Procedure

(1) Condition the specimen for T days ab 25 + 1 % and 50 + 2%
bomidity.

(2) Weigh the specimen to the nearest 0,1 milligram.
(3) Irradiate the specimen and sgain eondition it as in (1)

(%) BReweigh the specimen. Caleulate the percentage chauge in welight.



FIGURE 47 HARDNESS TEST
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Test for the Specific Gravity

Deseription

One helf of a broken impact specimen was weighed in air and in water or
kerosene at 25 + 1 °C. The kerosene was employed when the specimen floated
in water. The specific gravity was taken as the ratio of the weight of the
specimen at 25 °C to the weight of an equal volume of water at 4 ©C and is
expressed thus:

Specific gravity, 25°/k °C
Since the density of water at 4 °C is 1.000 gm/ml, the specific gravity,
25°/k °¢ is equal to the density of the specimen at 25 °C.
Procedure

(1) Condition the specimen for 7 days at 25 + 1 °C and 50 + 2% humidity.

(2) Weigh the specimen to the nearest 0.1 milligram in air.

(3) Tare the specimen holder immersed in water (kerosene)

(%) Immerse the specimen in freshly boiled distilled water (kerosene)
at 25 + 1 °C and weigh.

(5) If kerosene was used, determine the specific gravity of the kerosene
with a pycnometer.

Calenlations

The specific gravity of the plastic is calculated from one of the two
following formmlas:
(1) Specific gravity, 25°/4 ¢ = ”‘EE‘T‘ x 0.997

vhere a = weight of the sample in air
b = weight of the sample in water
0.997 = the specific gravity of water, 25°/k O,
(2) sSpecific gravity, 25°/4°C = TgT' x (specific gravity of kerosene
25° /4°¢)

where a
c

weight of the sample in air
weight of the sample in kerosene
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Pest for Water Absorption

(2 modification of ASTM D 5T70-42)

Descripbion

A 24 hour imeersion test was run on one-half of a broken impact specimen.

Procedure

(1) Dry the test specimen in an oven for 24 hours at 50 + 3 .
(2) Cocl in a dessicator and immediately weigh.

(3) Immerse the specimen in a contalner of distilled water at 25+ 1 %
for 24 hours.

(4) Remove from the wabter, wipe free from surface water with a dry
eloth, and weigh immediabely.

(5) Dry in an oven for 2 hours &% 50 + 3 °C.

(6) Cool in a dessicator and immediately reweigh.

Calculations

(1) The percentags in welight during immersion is calculated as based on

the dried weight. If weight is lost during immwersion, this quantity
is baken as zerc.

(2) The percenbage of soluble matter lost during lmmersion is calculabed
from the difference in the Initial dried and the redried weight. If
the redried weight 1ls greater than the initial dried welight, this
quantity is baken as zerc.

(3) The percentage of water absorbed is taken as the sum of the gquantities
caleulated in (1) and (2).
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Test for Light Transmission and Haze

(a modification of D6T2-%5T)

Deseyripbioan

Paze of Yransparent plastics was measured on 2 Haze Meter (Tnstrument
Department No. Q-831-2). The meter (figure 48) consists of a tungsten lamp,
a pholoelectric cell, and $wo aperatures: aper<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>