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The purpose of this lovestigstion was to determine the dlelectric
copstant and dissipstion fmctor of atactic sud lsotactic polystyrene
at 259¢ and at fregwenciss of 0,1, 1,0, 10, and 100 kiloeycles per
second, In addivion, the effects of wolecular weight snd crystallinicy
op the dislectric properties of polystyreue wes also studied,

Polystyrene slebs of uniform thickness were prepaved by molding
the polywsr wnder heet and prassure. The isotsetic polystyrene slabs
were annealed at 173°¢ for various lenmgths of times to schieve varying
degress of crystallinity.

The molded polystyvene slabs were fitted with cirveular aluminum
foil electrodes to form & thres terminel guavded electrode wystem,
The electrical measurements wers made wsing o wariable sapecitor in
conjunction with o Qeneral Redio Tmpedence Comparitor. The capacitance
and dissipation factor of the specimen wis wessuved by using the veri-
able capacivor ss the stendard to balence the impedance diffevence of
the apecimen,

1t was found thst the dielsctric constant snd dissipation fscter
- of stactic polystyrans is independent of molecular weight within the
rapge of 224,000 ro 337,000, Yor very low moleculsr weight, 13,000,
the dielactric constent incresnsed,

The isovactic polystyvene wes found to have 2 higher dielectric
constant then the stactic polystyrens, This incresse was attributed
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to the stereovegularity of the isotactic polymer resulting in less di-
pole~dipole cancellatlion, Incvessing the degree of crystallinity by
amvealing resulted i{n a decrespe in dielectrie comptant indicating that
the velaxstion tekes place éssentially in the sworphous phase, The
dissipation fector of the isotsctic polystyrvene desvessed with inereas-
ing froguency indlecatimp the possibility of & weximun loss peak at »
frequency lowey than 0,1 kiloeocyeles.

The dissipation Lactor and dielectric constent of atuactic end iso-
tactic polystyrene were found to be relstively low indicuting s wery
low dipole moment per repast enit or low polarity for polystyvens,
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1.
I - INTROIRICTION

The use of plestice in the electrical industry has grown con-
giderably im the past twenty-five yeurs. With electronic com~
ponents belng made smeller and wore compact, the requirements of
the plsstics such 8s lov temperature flexibility, hydrolytic
stability, woisture wvapor permesbility, heat distortion temperature,
and dielectric peoperties have become increasingly wore demanding.
As @ result, extensive literature has been published on the
properties of polymeric materials, Much of this work, however,
has beesn directed toward finding suitable materisls for the manu~
facture of insulators and capaci:ors, Of greater interest are the
investigations where the objective has been to relate these pro-

perties to molecular and inter-molecular structure,

The object of this investigation was to measure the dielectric
properties of atactic and isotactic polystyrene, and to study the

effects of molecular weight and crystallinity on these properties,

11 - LITERATURE REVIEW
The literature review for the study was divided into five
parte: Polystyrens, crystallinity, crystalline isotactic poly~
styrene, dielectric behavior of polymers, and dielectric proper-
ties of polystyrene,

Folystyrene

Beceuse of its outstanding electrical insulation properties
characterized by its very low dielectric loss at all frequemcies,

ite small dielectric permeability, and its very high resistance to
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water, polystyrene iz a valuable electrical insulation meterial

especially for the wanufacture of high frequency components and

long distance cables,

The monowmer, styrene (vinylbenzene, phenylethylene) is used
in the production of polystyrepme. On an industrial scale, styrene
is produced by the action of ethylene on benzene in the presence
of aluminum chloride (11}, The ethylbenzene formed undergoes
dehydration to form the styrene monomer. The structure of styrene

and polystyrene are given in Piguve 1, page 3.

Styrane 18 a colorless liquid with a boilinmg poimt of 145.29C,
and is easily polymerized even at room temperature. In order to
prevent undesirable polymervization, inhib&aarz such as hydroquinone
are added to the styrene., This activity of styrene is explained by
the unbalanced nature of the molecule due to the phenyl group on the
ethylene bond(21),

The polymerization of styrene is & chain reaction which pro-
ceeds teadily by all kaown wethods of polymerization with the form-
ation of a water-white polymer of high cluti&y(la). In practice
the dlock polymerization and the emulsion polymerization methods
are usually used, Styrene {s polymerized on an industrial scale in

the presence of initiators, such as organic pﬁroxiﬁ& compounds and
persulphates,

Te prepare block polystyrene, the monomer is mixed with the
initiator (0.1 « 0,5% based on the weight of styreme) and poured

into wolds., The monomer is szlowly converted into solid polymer by
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heating to 60 - 80°C. Polystyreme obtained by block polymerization

always contains residual wopomer and lov molecular weight products

which lead to 2 roduction in the thermostability and sging properties,
Polystyrens intended for further frestment such as extrusion is

srushed into flce pleces and the residual monomer can be vemoved by
drying under wvacuum, In the production of polystyrene intended for use
in the eslectvicsl industry, the block polymeriszstion 1s carried out with-
out the use of initiators es these could csuse deteriorstion of the

dielectric properties,

To carry out the mimrimti@ by esulsion polymevization, an
emulsion of styrene in water iz mede by mesns of emulsgifiers such az
sulphonated fatiy alcohols, The initistor, hydrogen peroxide or potassium
persulphate, is dissolved io water and sdded to the emulsion, The
styrene sust have been freed f{row ivhibitor by washing with an aqueous
solution of alkall, Polymerization takes place in two to three hours
at 83 - 90°C., The pulystyrene is then precipitated as o fine powder, and
then washed and dried under wacuum, Ewismi polyetyrene muy be contame
irated by electrolytes due to incomplete vemoval of the emulsifiers, and
the acids and salts used to precipitate the polymer, It is therefore

not suiteble for use as 8 high frequency dielaceric,

Properties of Polystyrene

Polystyrene is an outstending insulating materisl chavacterized by
a very low dielectric loss at all frequencies up to & temperaturs of
about 80°C at which point it softems. Its dipole moment is ewall,
%*mﬁ(s’m’sn, which accounts for its excellent dielectric properties,

It is a livear polymer, available commercially only in the atactic
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amorphoug form, Yeotactic polystyrene can be prepaved by use of the

Ziegler~Hatta catalysts, but offerg little advantage in propertics and
it is vot availeble commercially. Polystyrene is relatively iner:
chemically, and Ls resistant te alkalis, halide acids, and oxtidizing
and reducing ﬁﬁﬁﬁt&‘y)q Its optical properties - color, clarity, and
trangparency, are excellent, and its high refractive index (1.60) makes
it ugeful for plastic optical components. Folystyrene is readily
attacked by a large variety of solvents. It has poor outdoor weathering
stability; it turns yellow and crases on exposure., Ity tensile ztremgth
veaches about 8000 psi, but it is brictle end has a relatively low hest
distortion temparvature of 82 - 83°¢,

Crystallinity

Most crystalline polymers contain en amorphous phase and a
erystalline phage as evidenced by their covresponding ﬁifﬁu#a and sherp
Xevay paatarﬁa(%3. The cccurrence of both types of X-ray pattemmns is
avidence that ordered snd disordered regions coexist im wmost crystalline
polymars, Crystalline polymers ave made up of molecules which arve
chemically and geometrically regular in structure spd whose polymer
segmentes are cepable of parallel aligoment,

Increasing the degree of crystellinity im a polymer results 1n(23)
an increase in density and tenmsile strength and a decrease in solubility,
optical clarity, and gas permeability., Even a small swount of
crystallinity in a polymer restricts the motion of the polymer molecules
and results in an increase in the rvelaxetion time of the polymer, Above
the melting point crystallinity in the polymer disappesrs and its

properties at these temperatures are the seme ss those of the corrves-



ponding amorphous polymer,

Geystalline Isotactic Polystyvene

For many years, it wes believed that polymers such as poly-
styrene could pot be crystallized, This conviction was due to the
fact that polystyrene was an atactic polymer., The gtyrene monomer adds
to éﬂi ﬁh;iﬂ in such a way that the phenyl group oceurs at random on
aitharfaias of the polymer chain, 4As a nésult, the bulky phenyl group
cannot £it into any crystalline latctice., By using an awgaaﬂm&taliie
stereo-gpecific catalyst in the polymerization, isotactic polystyrene
results im which the phenyl groupe always appear on the sams side of the
galymat chain., A¢ a result, the chain ism very regular, and the phenyl
groups can be packed into a crystal lattice, Isotactic polystyrene has
a melting rvange of 240 - 2509C and exhibits a glass tramsitiom &t ﬁd“c*

ag does the smorphous stactic palysayxana(zg)‘

Dielasctric Behavior of Polymers

ihen on electyic field acts on & polymer, it causes small dis-
placements of electvons relative to nucled and causes chonges in the
relative positions of atoms and groups. These displacements produce an
electric moment in the molecule which persists as long as the electrie
field acts, The magnitude of this induced moment is propovtional to the

intensity of the electric field,

The electric center of gravity of negative charge in some molecules
ie oot the same as the positive charge center of gravity. Such
moleculse bave a permanent dipole moment which exists without the

prasence of an ai&éﬁrie field, Polymers which possess permanent dipoles
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gpend wore time with theiz dipoles oriented in the direction of an

applied field than with thelr dipoles oviented in other directioms.
The exvtent of this ovientation (s proportional to the field strength,
to the square of the dipole woment, and inversely propovtiopal to the
kemg&r&tﬁwﬂ(zé}‘ Polywers contalning permsunent dipoles con stove more
evergy under the lafluence of an electric field than those with only
induced dipoles,

The ratio of the quantity of energy that can be stoved in & cape
acitor contaluing a given material te the quantity of energy that can
be stoved 1f the material was replaced by ¢ vacvum il called the
dislectric constant of the matanialigé)ﬂ Haterials without permanent
dipoles store little energy and have low dielectric constants., The
dielactric constant ig frequency amd Lempersture dependsnt because &
finive length of time ig required for casponse to tha electywic field,
The length of time requived depends on whether the group set in wotlon by
the applied fleld is an electvon, small molecula, & pesdent polar grosp,
or a gegwent of & long polymer chain. The displacement of sn electron is
fast and veversible eyen at high frequencies, but the displscement of
large polar groups vequires move tiwe and is reversible only 1f che fre.
quency is slow enough to permit the polar group to respond completely to
ona pulse of the field before the reverse pulse is applisd, ihen a polar
polymer is excirved by a low-frequency fleld, the dipoles become oriented
with the field and the dislectric comstant is high. As the frequoncy is
ineressed, the dipoles have lesy and less time to bocome ovientad end the
dielectric constant drops. Finally, when the frequency becomes so high

that che polar groups can no longer Follow the field, the dielectvie
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constant deops dvastically and the polymer is geid to show digpersion,

Depending upon how the dipole is atteched to the polymer will determine
the number of dispersions the polywer exbhibits,

At frequéncles at which dispersion opcurs, only part of the ¢lso-
teical energy is stoved and the rest iz dissipated ss besz, This intvo-
dugas the complex dielectrie wmt:am:(%), wdry

ak = gf . fe¥
where i = \l—:f: The slectrical energy stored per gyele is propoviional
to @', the real part; the epergy lest is proportionsl to &, the

imaginary pavt,

The ratio of o'fe’ is called the loss tangent, tan $ , vhere & 18
the compliment of the angle between the applied voltage and the current
through a capscitor containing the &ai&cﬁrﬁa&%* Tan o 18 also called
the dissipation factor, and Sin & the powver foctor, &% is sometimes
called the loss factor, Uhen the Yen & exhibits s vexieoum, dispersion
occure at that porticuler frequency., Dielectric relaxation is the csuse
of dispersion in which the dielectric constant decresses with ibcveasing
.fngmmy&%ﬁ It is the lag in dipole orientation behind en alternating
electric field, Polymers have a distribution of relaxation time which
complicates equations derived to predict Frequencies of mexioum dielectric

loss and dispersion,

DPlelectric Froperties of Polystyrere
Very little thorough work has been dome on the dielectric properties

of polystyrene, It is chavacterized by a very low dielectric loss at all
frequencies, and it hag & lov dielectric comstant due to its low polaxity,
Baker, et al(ﬁ} and Brosns and milm:‘(m) caleulated the dipole momeut
per repeat unlt of polystyrene using OUnsager's mmtziﬂn(m).. Both
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calculations gave a result of 0.20 Debye units, Work and ?raku(31) cal~
culated the dipole moment of solid polystyrene and obtained a value of

g
0.26 Debye at 130°C. Krigbaum and noi.g“ )

measured the dielectric con-
stant of atactic and isotactic polystyrene in tolueme solutions, By
plotting the molar polarization against the polymer comcentration they
calculated the dipole moment of the atactic and isotactic polystyrene to

be 0,36 and 0.43 Debye units, respectively.

Broens and Muller(ls) meagured the dielectric loss of amorphous poly-
styrene at 0,179 - 316 kilocycles per second and found it to be less than
0,001 up to 100°c. The dielectric constant decreased from 2,55 to 2,51
between 0 and 10006. Above IOOOC a dispersion rvegion was noted which was
shown to correspond to an energy of activation of 78,8K cal, This some-
what large value was attributed to the chain stiffness. Polystyrene is
generally considered to have only one digpersion region but Broens and
'Muller(ls) found an indication of a small dispersion region at 10°C,
Adamac(l) reported a beta relaxation in atactic polystyrene with its maxi-
mum at -3 or ~17°G, respectively for frequencies of 1,0 to 0,1 kilocycles,

Baker, et 31(5) studied atactic polystyrene, crosslinked atactic
polystyrene (67 divinylbenzene), and atactic polystyrene plasticized with
diphenyl, It was found that the crosslinked material gave an alpha relax-
ation at a higher temperature than regular atactic polystyrene, and the
plasticized material gave the relaxation st a lower temperature than the
regular atactic polystyrene, Saito and Hakajima(zg) studied the dielec-
tric alpha relaxation in polystyrene in the frequency ranmge of 0,000l to

106 cycles per second, with results similar to thoge above,
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The experimental sectiom of the investigation contains the purpose
of the investigation, plan of the imvestigation, a listing of the
materials and spperatus used, the method of procedure, and the results,

The purpose of the investigation was to determine the dielectric
gsma@wtias of atsctic and isotactic polystyrene at 25°¢ and at fraquen-
cles of 0,1, 1,0, 10, and 100 kilocycles per second, In amtim, the
effects of molecular weight and crystallinity on the dielectric prop-

ertiee of polystyrene were to be studied,

The plan of experimentation followed in the investigetion consis-
ted of prepering molded slabe of the various polystyrene polymers,
prepaving the molded polymer slabs for electricel mcasurements, wespur-
ing the dielectric constant and dissipation factor of the polymevs,
determining the viscosity everage wolecular weight and the densgity of
the polystyrens polymers, and presentation of the data and results,

The polystyrens was molded into slabs about 50 wils thick by
compressing the polyser between two polished steel plates st & tem-
perature of 185°C under 2 ram foree of 20,000 psi for sbout three
minutes, The molded samples were then cooled in the wold under
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pressure., The isotactic polystyrene slabs were then annealed at 175°%¢

for 0, 3, 6, and 24 hours,

Prepavation of Molded Samples for Blectrical Measurements

The ﬁmid@d polystyrene samples were prepared for electrical
measurements by fitting the slabs with aluwminum foil electrodes, To
ensure good electrical contact, silicone grease was used to adhere the
electrodes to the polymer slabs. A three terminal guarded parallel

plate electrode gystem was used for making the dielectric measurements,

Dielectric Measurements

The capacitance and dissipation factor were measuved using a
General Radio 1422-D Precision Capacitor haviog a range of ESwltif’ﬁ,l PE
and 100-1150 ¥ 0.6 P£, and a General Radio Type 1605~ Impedance Compar-
ator having frequency ranges of 0,1, 1.0, 10, and 100 kilocycles per
second, + 3%, The capacitance and dissipation factor of the specimen
was measured using the variabis capacitor as the standard to balance
the impedance difference of the specimen. The capacitance of the spec-
imen was read from the variable capacitor, and the dissipation factor
was read as the phase angle difference recorded by the impedance com-

parator after the bridge had been balanced,

Molecular Weight Determination

The viscosity average molecular weights of the ﬁtacttc polysty=-
rene samples were determined by intrineic viscosity measurements

using a Cannon-Penske Size 50 Viscometer.
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The density ot 23 € of the mplded polystyrvens samples was deter-
mined by the standerd water displacement method(%),

Bresentation of Deta and Resulte

The experimentally determined dielectric constant, dissipation face
tor, density end wolecular weight of the vavious polystyrene polywers
obtained duving the Lovestigation ave presented in tabular form, The
expevimental date for the investigation ave prasented in tabulsr form

in the sppendix,

This section contalns the materisls uged in the ivpvestigation.

Aluminum Foll
Thickness 0,008 fnches, Manufactuzed by Reynolds Metals Company,
Richmond, Virginis,

Ueed to ensure good electrical content betwesn the brass elece

trodes and the molded polystyrene slabs,

Senzene
Fisher Certified ACS. Obtained from Pisher Seientific Company,
Springfield, New Jorsey.

Used to prepare solutions of polystyrens for molecular weight
determination,



Hezane
Compercial Grade. Obteined fyom American Minersl Bplvite Come
pany, Plainfleld, New Jersey.

Used to clean molded polystyrene slabe,

99% Ashydrous Grade, Obfsined from Unlon Carbide Corporation,
Chemicaly and Plesties Bivision, Bound

Brook, Hew Jevsey.

Used s solvent for Soshlet extraction of isotactic polystyrens,

Methwvlene Chloride

Comuercial Grade, Obtained from Usion Carbide Corpovation, Chem-
jcals and Plastics Division, Bound Brook, NHew Jevsey.

Used ss solvent for dapressing the alunioum foll electrodes,

Dow §66G-U-26-7, Dow 678-26-7, Dow 685-36-7., Obtained
£rom The Dow Chouicel Company, HMidland, Michigen,

Used ¢o prepars the molded sauples to atactic polystyrene for
seasuring dieleciric properties,

Honsento's Lustrex”™ 55-2020 and Lustres® 101-2020. Obtained from
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Morsanto Chendcal Company, Indian Orchard, Masgachusetts,

Beed to prepare wolded sonples of atactic polystyrens for mesgur-
ivg dislectric propevties,

Polystyrene - Isotsctic

Dow Ep-1360-128 isotactic polystyrens, Obtaivad from The Dow
Chenical Company, Midland, Michigan.

Used to prepsre molded samples of isotactic polystyvene for seasur-
ing dielectrie propertiey,

gilicone Release Apen

Dow Corning Type 20, HMuscufactered by The Dow Chemical Corporation,

Midlapd, Michigen,

gsed to sdhers the aluninum foil electrodes to the molded poly-

stycene slabs,

Toluens
Fisher Certified ACS. Obtained frow Fisher Scientific Company,
Spring£{ald, Hew Javsey.

Used to prepare golutions of polystyrens for molecular weight
detevmination,

Obtaived from The Baker Castor 011 Cowpany's laboratovy.
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Used for determining the densities of the molded polystyrene

slabe,

FPARATUS
This sﬁeémmfx is a listing of the spparstus used in the (nvesti-

gation,

Balance

Analytieal, damped, § to 500 grams capagity, 0.0001 gram sub-
divigion, model wmusber 80-180, servial nuwber 2132341, Munufactuved by
Seederer Hohlbusch, Incorporated, Jevsey City, ﬂw Jorveey.

Used te weigh the molded polystyrene for determining densivy,

10 Gallon Aquaris tank, Obtained from Scientific Glase Apparatus
Cowpany, Incovporated, Bloow

field, Bew Jevsey.

Used to provide & constant tewperatuve bath for determinimg rhe
vigeosisies of the polystyrene solutions,

Cizeular brass guarded electrode and guard eleetrode. Heutang-

slay brass slectrode. Hanufacturer unknoun

» obtained from The Baker
Castor Oil Company, Electrical Testing mmmtw?‘.

Used for swasuring capseitance and dissipation factor of poly-

styrene slabs,
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Siz, 100-nilliliter capacity, Obtained from Pisber Sclentific
Gonpany, Springfield, Hew Jevsay,

Used to prepare polystyrene solutions for viscosity detevminastion.

115 volts 4.0C., 300 watts, Obtained from Flsher Secleptific Come
pany, Bpringfield, Nev Juruey.

Used sy beating souree for th

onstant temperature bath,

Type 1605-A, HMavufavtured by Gensral Radio Company, West Comcond,
Hassachusetta,

jsed Lo wessuve the capacitance sud dissipation factor of the
molded polystyrene wpecisens,

%4y htﬁiﬁ@ ]

Model V-12, 110 volts, 1000 rpm. Momufactured by Mizing Hquip-
ment Company, Incorporsted, Hochester, New Yourk.

Used to valatein uniform temperatuze in constast tempevaturs
-
bath,

Powerstat’

Varisbls Tranefovmor, Type VEIPH16E, 120 wolts, 10 amps. Hame
factured by The Superior Electwic Company, ""ﬁ%ﬁmh Connscticut,
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Dead to vegulate spoed of the Lightnin Mixer,

Press

Hydrvaulic Labovatory Press, Yodel Nusber 150-C. Memufsctured
by Fred 8, Carver, Iscovpovated, Busmdit, NHew Jezsey.

Yoed to nwld polystyrena slsby,

Mercury in glase, vangs -10 to 50°C, total immersion, Obtained
from Belentific Class Apparvatus, Bloomfield, New Jersey.

Veod to messurs tempevature of constant tempavatuve bath,

Thickness Gauge
One degree equal to 0,0001 inches., Hamufactured by Rsndall and
Gtickaey, Waltham, Massachusebts,

Used to messuve the thickness of the wolded polystyrene slabs,

Type 1422-D, renge 35-115 P£ and 100-1150 p£, Mavufactured by
Geneval Radio Company, West Concord, Hassachusetts,

Uood as standard for balanciug the Ismpedance Compuritor,
Yisconetor

Cannon-Peoske, size sumbar 50, Obtaimed from Seientifie Glass
Apparatuy, Bloomiield, Hew Joreey,
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Used to messure viscosity of pplystyrene solutioms for determining

wolecular weight.

The mothod of procedure followed in the investigstion {s outlined
on the followlag puges. The procedure is divided into, preparvation
of molded samples of atactic and {sotectic polystyrene, preparation of
wolded samples for electrical weasurements, dielectric messurements,

and the performunce of analytical tests,

ceparation of Molded Samples of Atsctic Polystyrene

The polystyrene beads were molded into 6 inch squeres having &
thickness of 40 to 50 nils, The molding cycle consisted of heating
the polymer to & temperature of about 1857C between two polished steel
plates for sbout 5 minutes, The specimen was then compressed using a
Carver Laboratory Press under & ram force of 20,000 pei for asbout 3
migutes., The sample was then cooled in the wold under pressure, and
the molded samples weve then examined for cracks or air bubbles.

Preparation of Molded Samples of Isetectic Polystyrene

The isotactic polystyrene, lot EP-1340-128 recelved from the Dow
Chemicel Company, hed s viscosity average molecular weight of 515,000,
The polymer, &s received, contained spproximately 15% of an atactic
fraction which was vemoved by Soxhlet extraction using methyl ethyl
ketone, Extraction time was 30 hours and a weight loss of 15% was

observed, The extracted polymer was dried for 16 hours at 110°C to
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venove the solvent, Ths romovsl of other impurities, such as dire and
catalyst vesidue vas attempted by dissclving the polymer in toluene and
precipitating in methanol, This procedure, however, was not satisfsc~
tory as the isotactic polystyrens was ounly soluble at & concentration
of 1+2%. The polvmer wes veported to comtein about 70 ppm of Ti, 400
ppm Al, 200 ppm halogens ss chlovide and bromide. The dried isotactic
polymer wes wolded into & inch squaves havieg & thickuness of 45-55 mils.
The seme molding procedurs was usad as deseribed above in prepavisg the
ntactic polystyrene ssmples, The molded samples of isotestie polystye
rene were snpesled av 1759C for 0, 3, 6, and 24 hours in a forced drafg
oven between polished steel plates. After sonesling for ¢ hours at
1759¢, the crystallinity should bave been in the rvarge of 35%.

Prepacation of Holded Samples for Electrical Measurenents

A guarded pavallel-plate electrode systen (three terminal) was
uged for making the dislecteic mensurements and s fllustzated In
Pigure IX, page 21. The fringing 2ud stray capscivance at the adge of
the gusvded dlectrvads wes peactically slimfosted by the addirion of
the guard electrode, The test epecimen extended two inches aud the
guard eleoctrode antended about one inch beyond the guavded electrode,
The guard gap was 1/32 inch wide, By constructing the electrodes in
this manner, the fleld disteibution in the guavded area was the same
s¢ when vacuum or eir wes the dielectric and the ratio of the tws cs-
pacitances ig the dielectric constent, The gusrd terminal was connected

to & guard terminal on the messuring civeuie,
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4 semple calculation for the effective aves of the guasrded slece

trode iz given on page 47 of cthe appendixz,

Aluminum foil, 0,008 inches thick, was used ss the electrode
mavaerial to ensure good electrical contact with the rigid slectrodes
and the specimen, The alumivum foll was epplied tu the epecimen with
Dow Corning #20 8ilicone Gresse, The foll was firet degreased with
methylene chlovide and then coated with a thin coating of the silicone
grease, The foll was then placed over the specimen and the excess
greane was squessed out using & rubber squeeges, The foil wag then
sut down to the exact size of the rigid electrodes using a finely
ground blade, and the excess greasse was then wiped from the specimen
using hexane solvent, The rigid eluctrodes were amde of polished
brass ground plane and pavallel to ¥ 00,0001 inch,

Dielactric Messurements

The thickness of the samples wag messurzed using & Rendall and
Stickney Thickness Gauge having an accuracy of T 0,0001 inch, Several
readiungs were taken over the entire electrode arsa and the average
thickness was found to be uniform within ¥ 1%, The thickness of the
alumiouw foil was then subtvected from the overall thickness giving
the actusl samplie thickness, This value was then usad in caleulating

the capacitance of the cell in vacuum (or air),

All samples to be tested wese conditioned at lesst 246 hours at
250¢,
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Capacitance and digsipstion factor measurements wewe made using
a Geperal Radio 1422-D Precision Variable Capacitor (33-115 % 0,1 £ -
1001150 ¥ 0.6 »f renge), and o Genexal Radio Type 1605-A Impedance
Comparator having frequency vapges of 0.1, 1.0, 10, snd 100 kilocycles
per second, ¥ 3%,

%ﬁ Sovisdla

nee comparator lg basically a special, seli-contained
bridge measuvement system, connlsting of & signal source, & bridge,

and o detecting cfreuit, The bridge compists of two external inmpedances
to be conpared and two highly preeise unity vatio arme equal to within
one part in 106, The sccurscy of the impeds

nes mEasurement, therefore,

depends largely on the precision of the external standsrd(18),

The capacitance and dissipation factor of the specimen wap nessured
by ualng the varisble capacitor as the standard to bslence the ispedance
differmnce of the specimen, The capacitance of the specimen was vead
from the variable capacitor, and the dissipation factor was vead as the
phese angle difference vecorded by the impedence comparstor aftex the
bridge had boeo balanced, 7The accuracy of the phase apgle difference ov
disgipation factor wag 3% of full scale or 0,003% for the 0,01 redians

soale used i the sessurenents,

To elinminste any ervove dup to ground and lead capacitenve, the
capacitor containing the specimen wee placed in ¢ shielded cabinet

during the dieluetvic messurements,
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The dielectric constant of the specimen war caleulated using the
folloving equations

ﬁﬁﬁ“%

R

Sy
Where: D.0, = dielectric constant of the polystyrene at 25%
€, = capacitance of the capacitor with polystyrens as mé
dielectric at 259
Cy = capscitence of the capacitor with air ss the dielectric
at 25°¢

Oy wes calculaved from the geometry of the capacitor after corrections
woeve made for the iocresped size of the diswmeter of the guarded elec-
trode dus o the guavd gap correction,

jample caleulstions are given on page 48 of the sppendix,

Anslytical Tests

The analytieal procedures used in determining the polymer densities
agd molecular welghts sre outlined on the followiag pages,

Moleeulsr Welsht Determiuation

Ie order to study the effects of woleculay welpht on the dlelectrie
proparties of the atactic polystyrene, thelr viscosity average wmoleculsr
welghts were determined, The inmtrinsic viscosities of the samples were
determined following the standard procedure using & Csnnon Fenske Sise

50 viecomuter,
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The vigepsity aversge sowleculsr welght was determined by using
the squation

[A] = wf

Yhares M » viscosity average wolecular welight
{ 7(] w the intrinsic viscosity

£, @ = Constants of the polystyrens solvent system used,

The constants X end a, veed to calculate the molecular weight 4:?5
the Dow P52, were obtained Irvom D.L. Mgsw@”‘. fHleve the solvent used
wag bepzeme at 25 €. With the higher moleculsr weight ssuples, however,
the vesults obtaived uring bengzens as the solvent yielded poor extra-
polation date. Toluene was then used as the solvent and the walues of
K and & at 30°C were obtained from 8, M. Chimsi, et a1(37),

‘The density of the verious polystyrene samples at 23°¢C was detere
mined using the stendard water displacement method(4), Yhe samples
usdd io the density determinetions were taken from the molded sumples
ugad in weasuring the dieclectvic properties,

The experimentally determined values of the dielectric constant
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and dissipation factor of the atactic polystyrene samples at the various

freguencies are presented in Table I, page 26,

Dielectric Properties of Isstactic Polystyrene st 25°C

The ewperisentalily determived values of the dielsctric constant
and dissipation factor of the isotactic polystyrene samplesat the war-
ious frequencies sve presented inm Table II, page 27,

The experimentally determined valuas of the intrineic viscosities
of the stactic polystyrens are listed in Table III, page 28.

Alsos listed ip Table IXI sre solvents, temperatures, snd X aod o

vonstents used ip the determipation of the i{mtripsic viscosities,

The viecosity average woleculsr welghts of the atactic polystyvene,
caleulated from the euperimentally determined intriveie viscosities,
are listed in Table IV, pape 29,

A sample calculation of the vigcosity aversge mwlecular weight
iz piven on page 50 of the sppendix, |

The sxpezimentslly determined values of the densities of the

atactic sod {sotsctic polystyrens at 23°C are listed in Teble ¥, page
30, and Tsble VI, puge 31, respectivaely,



Ssmple Efmnmy Ov(a) Cy (b)Y g(c) pld)
| locycles wE mis }
Dow P5-2 0.1 48.89 135.1 | 2,765 0.0001
Pqlystyrens 1 48,89 135,1 2,765 0,0001
10 48,89 135.1 2,765 09,0001
100 48,89 135.1 2,765 0,0001
Dow 678~26-7 0.1 41,45 108,3 2,613 0.0001
Polystyrene 1 41,45 108.3 2.613 0.0001
10 41.45 108, 3 2,613 0.0005
100 41,45 107.9 2,603 0,004
Dow 666U26-7 | 0.1 42,42 | 1106 | 2,607 0.0001
Polystyrene 1 42,42 110.6 | z2.607 0.0001
10 42.42 110.6 2,607 0.0005
100 42,42 110,2 2.598 | 0.005
Monsanto 0.1 39,1 101,3 2,591 0.0001
53-2020 1 39,1 101.3 2.591 0,0001
Polystyrens '
Lyseyre 10 39.1 101.3 2,591 0, 0004
100 39,1 101,2 2,588 0,005
luonsanto 0.1 34,2 $8.9 2,599 0.0001
1012020 , a
Polystyrone 1 34,2 88.9 2,599 0, 0001
10 34.2 88,9 2,399 0.0005
100 34,2 88.7 . 2.59% 0.003
Dow 685-26-7 0.1 41,61 108,2 2,600 0.0001
Polystyrene 1 41,61 108,2 2,600 ©.0001
10 41,61 108.2 2,600 0.0005
100 41,61 107.9 2,593 0,0045

{8) Cy = Calculated capacitance of cell in vaouun,
{b) Cg = ﬁg&ggggﬁ capacitance of cell with polystyrene as the dielectric
& Y

{c) E = Dielactric comstant of the polystyrene at 25°C,
{d) P = Dissipation factor of the polystyreue at 25°C.
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Table II

Experimental Velues of Dielectric Constant and Diesipation Factor

of Dow EP-1340-128 Isotactic Polystys

Annaéling’ Prequency kcv{a) G;(b) £(©) ofd)
Time at 175°C | Kilocycles|  Muf MM
0 hours 0,1 | 33.49 91.60 | 2.735 | 0.0005
1 33.49 | 91,42 | 2,730 | 0.00045
10 33,49 91.36 | 2.727 | 0.0003
100 33,49 91.34 | 2,727 | 0.0002
3 hours 0.1 35,25 93,90 | 2.664 | 0.0002
1 35.25 93.85 | 2.662 | 0.0002
10 35,25 93,80 | 2,661 | 0,00015
100 35.25 93.77 | 2,660 | 0.0001
6 bours 0.1 31,03 83.36 | 2.686 | 0.0001
| 1 31,03 83.33 | 2.685 | 0.0001
10 31,03 83,31 | 2.685 | 0.0001
100 31,03 83,31 | 2.685 | 0,00005
24 hours 0.1 34,87 91,67 | 2.629 | 0.0002
1 34,87 91.66 | 2.626 | 0.0002
10 34,87 91.62 | 2.627 | 0.0001
100 34,87 | 91,62 2,627 0.0001

{a) ©y = Calculated capacitance of cell in vacuum,
Cy

{b) = Meagured capacitance of cell with polystyvene as dielectrie
at 259, :

(c) E = pielectric constant of the polystyrene at 25°C,

(d) D = Dissipation fector of the polystyrene at 259C.



Table IXI

HMeagurements

Intrinsic Viscesities of the Atsctic Polys

Sf@u o Solvent . Temperature E 2 o
Dow PS-2 Beazese 25% 2.27 x 1074 0.72 0,208
o | | | _ y

666-7-26~ Toluene ‘ 1 9.2 x 10 0,72 0.752
Dow : : : .

678-26-1 Tolueme 3% 9.2 x 1073 0.72 0.655
Dow , - o -5 ‘ ;
685-26-7 Tolueme 30% 9.2 x 10 0.72 0.878
Honganto o ‘ 5

55-2020 Toluene 30% 9.2 x 107 0.72 0.778
Monsanto : & -5 «
1012020 Toluene 36%¢ 9.2 x 107 0.72 0.862

‘ez



Dow Pg-2

Dow 666-U~20-7
Do ‘ﬁmwﬁﬁw?

Dow 685267
Monmanto 55-3020

HMongente 1012020

decular Veights of the Avactic Polystyrens

28,

Table IV

Galeulated frvom Intrineic Viscosities




30.

Table

im 6661267
Do 6782067

Dow 685267
Honpante 55-2020

Hopganto 1012020

ensicies of the Azactic Polystyrene at 23°¢

1.0454

1,0474

1.0434

1,0654



Dow EP-1340-138
Polystyrens

Ho Annealing
3 bhours Amnesaling at 175%
& hours Aspesling st 175%

24 hours Awmealing et 12’53%

1,0733

1.9733

31,
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This section comtaine the discussion of the sample prepsvetion,
dielectric measurenents and the elimination of stray capacitance,
results of the investigstion, recommundstions, and the limitetions
imposed on the investigation,

The principle problew encounteved in preopaving the molded smuples
of polystyveny wee the exselusion of air bubbles frow the spevimens,
After repeated attaupte to propere bubble-free specimens, the following
procedure wes found to be successful,

1. 1Inivisily, ellicone grease was applied to the polished stesl plates
go aid in vewoving the wolded semple fvom the mold, It was found
that the silicone gresse caused alv bubbles o ococur in the sample
and the silicone groase wes omitted, It was found thet onm cool-
ing the molded samples, they pulled sway from the mold and were
sasily removed without any relesse agent,

2. In addivion vo bubbles appeaving in the wolded semples, the preg-
ence of alr bubbles betweon the alumi

uyn £oil electrodes and the
polystyrene aleo presented 8 problem. These bubbles were elime
inated by costing both the alumioum foil and the polystyrens
with the sllicone gresse, The ewcess greaes wes then squesned
out with a small rubber equeegee. The surface of the sample
wae then cleaned with howar

e o rembwe the excess silicone

grease,
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In addition to the direct interelectvods sapacitance woasuved by
the verlable capacitor, the system also ineludes(3),

Ce = fringisg or odge vapscitonce.

fg = ground capscitance of the outside face of each elactrode,
. = capacitance betwesn commecting leads.

¢ g = capecitance of the loads to ground.

€ & = capscitance betweon the leads and the elactrodes,

By usiog the three-termivel guarded electyode system, 81l of thee
gtray capacitasces exeapt the lsad cepscitance, €, , ond the edge
vapacitance, Cu, are climipated as o source of evror, The lead capac-
itanse was wede negligibly swall by wisg leads ss shor: as possible,
At the frequencies used in thig investigstion, the evvor due Lo G da
then negligible, The errvor dee to edge capacitesce, Ce, wée eliminated
by covvecting for the igcuveased effective sren of the gusvded electrode,
The effective avss of the guseded slectrode is increased by about half
the ares of the guard pup.

Afver soch owasurenent at esch freguency, the impedence compsrvator
wae vectlibrated Lo eliminate suy possible erenr due to driftinmg., In
addition, the lvstrument was booked up to & peperate power line to

slimipste any sudden woltage drop which could sffect the seasurements,

Az can be geen from the date in Teble I, puge 26, the value of
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the dieloceric copstant for the high wolecular weight polyetyvene
{284,000 - 328,000) ronges from a low of 2.59 o & high of 2,61 for

a frequency vapge of 0,1 to 100 kiloeyelas per second, The dissipation
factor vampes from o lov of 0.0001 at 0,1 kiloecyolesfesecond to a high
of 0,005 ac 100 kilocycles/eecond, These valuss arve in good sgreement
with literatuve volues{13,16,20)

The low dislectric constant and dissipation {actur ip de would be
sxpected for ¢ linser, nesrly mon-polar polyser. A4s can be seen from
ite styueture, the dipole moment of polystyrens should be smell and
sinmilay per repeat unit, te that of tolvens, which hes been zeporied o
be 0,30 Dobye ontes$30) | ohte low polavity is respongible for sthe

axcellent dlelectric properties of polystyrens. 4s con be geen by en-

emining the Litevature values of the dielectric propertics of the wove
polar polychlorputyrencs, the dlelecteic constaot increases with ine
creasing polarity. Poly-2,0-dichlorestyvene, poly-2,5-dichlovestyrens,
and poly-3,4-dichlovostyrveny bave dielectvic voustents of 2,75, 2,62,
and 4,0 vespectiveiy{ld), Baker, et a1(® apd Broens and Muller(l3)
caleulated the dipole

moment per repeat unit of stectic polystyrens
using Onsager's equation(®6), Soth calculativms gave s vesul: of 0,20
Debye units, The eliphtly ssaller value then that of toluswpe was
astiributed to the componsating effect of the coupling of the closely
spaced dipoles,

The dielectyic constant of the high selecular weight polystyrens
sauples remained copstant over the frequency veuge of 0.1 to 10 kilo-
wyclesfsecond, and decressed wvery slightly et 100 kiloeycles/wmecond
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to on average of 0,007, This would {ndicate an exitvemely small orion-
rarion polavization which elso is in sgreemest with what one would
expect from the pesrly non-polar etructurs of polystyvene and itz low
dipole wonent. The orientetion polavisation is probably due to partial
votstion of the phenyl group sbout its carbon awis and restricted yvo-
tation about the ethylene gproup.

The dielecivic constamt of the lowest woleculay weight stastie polye
gtyrens, Dow PB«2 with 2 molecular weight of 13,000 was found to be
significantly bighor than that of the higher molecular migh&
2,765 we, 2,60, The dissipetion factor, on the otharihand, msiotsined

sainples #

the very low valuve of 0,000

ighout the freguency veoge of 8.1 to
100 kiloeyeles/socond. = Sinee decressiog the woleculsr weight of the
polymer zesults in an incveased number of chale ends, it seswme 1likely
that some extrancous dipoles located at the chuin ends is responsible
for the incveased dielectric constant, These extreneous dipoles may be
due to oxldation of the polymey during polymerisation ov during the molde
ing opevation, Similay results were obgerved for lov woleculsy weight
polyethyleneld) and it wae concluded that extrvansous dipoles, probably
carboryl grovps fovesd by oxidetion, were vesponsible for an obeseved
incrsase in dielectvic loss. The lack of suy increase in diseipation
factor can be expleined by the ilpevessed mobility of the lower molecular
waight pelystyvene wolecules, The munieum freguency used in this
investigation wag only 100 kilocycles and it is possible that, due to
the incressed wobility of the polymer moleculas, 2 higher frequency
would be required to obssrve any ircrsesed dislectric loss, This
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ressoning would also sceount for the lack of dispersion observed for
the dielectric constant of the low woleculsy weight polystyrene ss wome
paved to the high wolecular weight samples.

Exsmination of the messured densities of the atsctie polystyvene,
Table V, page 30, iadicstes s higher density for the low wolecular
welght Dow PS-2 pelystyrene, thes that of the higher mm@m waight
samples, 1.0534 vs. 1,043, respactively. This is diffficulf to ewplain,
In genaral, loveriag the molecular weight of » polymor tends to increase
vhe molar free volume which would lower the density and glass transition
tempacature of the polyme={22), Bach end group is & f£lav in the polymer
and cauges inefficient packiog of the polymer molecules, It way be

posgible, however, that becsuse of the gtiffuess of the polystyrene
melecule, due to the bully phenyl greup, the lowesr molecular weight
pulystyrene moleculey ave wore wobile and have less polymer eutongle.

mente thereby allowing for tiphter pacihing.

The resulte of the measured dlelectrie properties of sworphous atace

tie polystyrene and cvystalline isotactic polystyrens are listed in
Table I, page 26, and Toble II, page 27, respectively, 4As can be goen,
the dielsctyric congtant for the isotactic polystyvene is greater then

that of the amorphous atactic polystyrens,

what one would espect, The dipelae in the isotsctic polystyronw, by

dofinition, are all on the save gids 5% the polystyreny wolaeeule.
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Because of this stercoregularity of the polymer chain, there is presum-
ably considerably less dipole-dipole cancellation or coupling, and as

& regult the dielecivic constant is incressed,

As the percent crystallinity, or the annealiog time, is imcreased,
the dislectric constant decreases from 2,735 for no sonealing to 2,629 for
24 hours, annealing at 175 C. The intermediste 6 hours anncaled sawple
wap somevhat out of line with this trend in that its dielectric constant
wag 2,685 as compared to 2,664 for the 3 hours annealed semple, The
slight inereasge in dielectric constant was probably due to oxidation
during anpealing, This general decresse in dielectrie¢ constant with
imcressing crystallinity or smnealisg is also in agreement with what
one would expect., Az the percent crystallivity is increased, morve and
more of the amorphous phase of the polystyreme is ssaocisted with or
incorporated into the crystelline phase and the mobility of the dipoles,
oy their ability to orient in or follow the slectric field is greatly
hindered, As a result, the dielactric constant decresses in value,

The values of the dissipation factor for the crystslline igotactic poly-
styrene gsmples ware in genevel, slightly higher than those of the
smorphous atactic polystyreve at the freguency of 0.1 kiloeycles. It

is important to wote, bowever, that contrary to the resulis obtainmed

for the atsctic polystyrene, the values for the dissipation factor of

the isotactic polystyrene decreased with increasing frequency. It
appears that the loss peak of the isotactic polystyrene ogours st & lower

frequency than that of tbe atactic polywer due to the dipoles belng
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closely associsted with or incorporated into the crystalline region,
This would restrict the motion of the dipoles csusing the relaxation or

loss peak to occur at @ lower frequency or higher temperature,

similar vesults were obtaiped for pw&y&tk&i&ﬁﬁiﬁ) wheve a loss
peak at 0°C for high pressuve polyethylese wss shifted to a higher tew-
perature for the more crystallinme low pressure polyethylene. As the
percent orystellinity incresses, the relamstion or loss pesk occurs at
a lower frequemcy due to the increasing number of dipoles beimg incor-
porated into the crystalline phase resulting iv a decrease in dielectric
constant and disgipstion factor over the frequencies used im this loves-

pigation,

Enamination of the density data for the aworphous atactic and crys-
talline isotasctic polystyvens samples, Table ¥V, page 30, and Table VI,
pege 31, indicates a higher densiry for the lsotactic polystyrene, This
confivies the presence of crystallites in the isotactic polymer and slso
confirme the inceveasing crystallinity with increased snnealing tiume,

The density value for the low molecular welght atectic polystyrime, Dow
P8-2, is an smception, end as discuseed earlier, the fuproved wobilicy
of the lover mwlecular weight saterial may make molecular packing

and alligmsent casiey, This would sccount for its density belng very
cikose to the nop-annesled isotectic polystyrena,

On the basis of this investigation, the following recommendations
arve suggested fov future study of the dielectric properties of stactic
eod igotactic polystyrene,



Temperature and Frequene

Since polymer relazation is temparsture and frequoncy dependest,
it iz vecommended thet the dielectris coneta®® and dissipstion factow
of polystyrene be studied over a wider frequency and tempavatuve venge
than that wveed in this ivvestigetion, Extending the temporature and
frocuency venge would give o wove complets ploture of the welamutlons
chevacteristic of polystyrene, ?&aftéﬁémg the freaquency renge, fox
example, would show the w

minen losz poak of the isotactie polystyrena.
tnder this fovestigation 1t appeared thet the mowlewse loss securred
at & freguency lower than 100 c¢ycles pur second,

Plots of disloctric loss and dissipation fesctor versus tewpereture
or frequency could be made, ard frem these the activation eporples of

the selawation process oboerved could be coleulated,

It iz sugpested that future lovestipstions include isotactic poly-
styrens of varisus woleoular welphts and degrecs of ervatellinicy,
Under the present i{nvestigetion the isotactie polyvetyrens hed 2 wolecular

welght of 515,000 end & vl cevetallipiey of 33575,

“ffecks of Oxiderion
Since the observed incvease iv the dislestele constart of the low

moleculay weight atactic polystyrene, Dow

PR, s attvibuted to
pospible oxldevion of the polymer, 1t {8 recommm

wed thee futare Lywves-
tigations etudy the affect of eoforced owidavior on the dlelsstris

proparties of polvetyvens, The degpres of pxidetion should be verified
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by such wmeens ag infraved spactroscopy.

This eection contalins the limitetions imposed ap:m this luves-
pigation.

Atsotic Polystyrens
Six astactic polystyrene polymers weve svaluated in this investi-
gatien: Dow Chemical

Company's Dow PS-1, Dow

666267, Dow 678267,
Dow 685-26«7, Honsante's Lustrex® 55.2020, snd Lustres® 101-2020,

Isotoctic Polystyrene

Dow Chemical Company's lesotsctic pulystyrene BP-1340-128 wue eval-
uated afver 0, 3, 6, and 24 hours snvealing at 175°C. The weximum

crystallization wae veported s 351,

Holding Comditions

The specimens weve prepsred by wolding the polystyrene betusen

two polished sreel plates under & vam fovece of 20,000 psi for 3 minutes,

The dislactvic properties wers masuzed ?ﬁ# freguenaies of 0.1, 1.0,

10 and 100 kilooyeles per escond,

Temperature

The dislectric propertiss weve messured ax 259¢C,
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The sonclusions vesulting from the present iuvesptigation are:
The dislpceric constent spd ddesipation factor for atsctle poly-
geyrene of varying wolecular welght were determived at 25°C for

the frequencies of 0,1, 1.0, 10 and 100 kilocycles per second,

The diwlectric constent and dissipation factor of atactic poly-
styrvens, for this frequency and tempereture rengs, are independent

pf the wolecular weight for bigh moleculsr welght polystyrene

Por very low mblecular weight,

13,000, vhe dielectric constant appears to increase,

The dielectric constant of the high solecalar welght atectic gﬁiyw
styrene exhibits & very slight drop, and the dissipstion factor
inereases slightly at 100 kilocycles indicating @ very low ovien-

tation polavization,

The dieleccrie congtant and dissipation factor of the low m@&@ﬁ#tﬁx
whight stactic polystyrene remained conptunt ovey the entive

frequency Tange.

The dielectric conetant and dissipation factor of isotactic poly-

sne having verious degress of ceystallinity were determined
st 25°%¢ for the fveguencies of 0,1, 1.0, 10 and 100 kiloeyeles
pexr second,
Tsovactic polystyrece has e higher dielectric constant then agactic

polystyrene, presumibly due to the decrease in the dipole - dipole
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coupling or cancellation in the isotactic polymer chains.

7. 1Iocreasing the degree of crystallinity im isotactic polystyreue
results in a decrease in the dielectric constant indicating that

the relaxation takes place essentially in the amorphous phase.

8, The dissipation factor of isotactic polystyrene decreases with
{ncreasing frequency indicating the possibility of a maximum loss

peak at a frequency lower than 0.1 kilocycles.

9, The dissipation factor and dielectric constant of atactic and isgo-
tactic polystyrene are very low indicating a very low dipole moment

per repeat unit or low polarity of polystyrene,

Vi -~ SUMMARY »
The purpose of thig invaazigation,waa to determine the dielectric
properties of atactic and isetactic polystyrene at 25%¢ at frequencies

of 0,1, 1.0, 10 and 100 kilocycles per second.

The effect of molecular weight on the dielectric properties of
atactic polystyvene was investigated and it was found that the dielec-
tric constant and dissipation factor are independent of molecular waight
for high molecular weights in the range of 224,000 to 337,000, ¥or
very low molecular weight polystyrame, 13,000, the dielectric constant
increased and no dielectric dispersion was obsexrved., It was also
observed that the density of the low molecular weight polystyrene was
slightly higher than that of the high molecular weight atasctic poly-

styrene, 1.0534 ve. 1.0454 average vespectively, This value was
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extremely close to that of the non-annealed isotactic polystyrene
(1.0543) suggesting that the increased mobility of the very low molec~
ular weight polystyrene chain vesulted in tighter packing.

The effects of crystallization on the dielectric properties of
polystyrene was also studied, It was found that the dielectric constant
of the isotactic polystyrene was greater than that of the atactic poly-
mer, and it was concluded that this increase was due to the decrease
in dipole~dipole cancellation. It was also observed that the dissipa-
tion factor of the crystalline isotactic polystyrene decreased with
increasing frequency suggesting that the maximum loss peak occurred at
& frequency lower than 100 cycles per $éﬁﬁnﬁq Increasing the degree
of erystallinity of the isotactic polystyrene by annealing at 1759¢
for varicus periods of time resulted in a decrease in dielectric con-
stant, It was concluded that the relamation process takes place in the
amorphous phase of the palymat since & linear relationship was obserxved

for decrease in dielectric comstant with increasing crystallinity,
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the dats obtsived from the fonvestigetion sre presented in the
follouwing section,

ngity of Atscuic Polvetveene |
The data and vesults for the determivation of the densivies of

the atactic polystyvens at 237C are presented in Table VII, page 45

The dste and vesules for the determivation of the depities of
the isotactic polystyrens st 23°C are pressnted in Table VIII, page ..



Speeific
Sample Gravity
Pow PG-2 1.056
Dow 666-U~26-7 1,048
Dow 678-26+7 1,048
Dow 685-26-7 1.050
Monganto 5342020 1,046

Honsanto 101-2020 1.048

a = The weight of the specimen in siy.

1.0334
1.0454
1.0454
1,0474
1,0434
1.90454

43,

2.,2261 0.2150
2.4563 02150
1.9080  0.3024 022150
2.6560  0.3613  0.2150
2.6109  0.3298  0,2150
2.2530  0,3182  0.2150

b = The weight of the specimen completely immersed and of the wire

partially immersed in the water,

w = The weight of the pertially ismersed wiwe,
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fable VILX
Date for the Dstermination of the Demsitiles

of the Ieotactic Polystyvene st 23%

o 1340 B P b fm e
No Aunealing 1.057  1.,0543  2,0991  0,3282 0,215
3 bours Anvealing at 175°C 1,069  1,0663  1.6478  0.3214 0,215
6 hours Avnealing et 1759¢C 1,076 1.0733 1.61%%  0.3291  0.21%
24 hours Aumeasling at 1759C 1,075  1,0723  1.6168  0.,3278 0.215

a = The weight of the speclwmen in ale,

b = The weight of the specimen completely ilmmersed and of the wive
partlally immsersed in the wetew,

w » The weight of the partially lwmersed wive,
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APPENDIZ B

Sample Celeulatione

Examples of the calculations used in the investigation are pre~

sented in thiz seation.

Determinstion of the Effective Areas of the Guarded Electrode

The effective area of a guarded electrode 1s greater than its
avtusl area by approximately half the ares of the puard gap, The
diameter of 8 circular electrode, therefore, iz increased by the width
of the gap. 1If the ratic of the gap width, g, to the electrode sepa-
rations, ¢, ig appreciable, the inecrease in the dismeter of the guarded
electrode 1e lasa than the gap width by & quantity, 26, called the

guaxd gap correction,

Yor the clectrode system used in this investipation, the guard
gap correction is gives by the following aquatimw)z

26=1(7g) - 1 (7p)?
8 &4ty 96 (L“ﬁ;za
For the Monsanto 101-2020 polystyrene molded zlab:

g = 0,03123 inches
t = 0,047 inches

Subscituting in the above equation:
24

, , 3
=1 (3,04 % 0.03125 _ 1 (3.14 x 0,03123

0.03135

248 = 0,007395 inches
The measured dlameter of the guarded electvrode i 3.0 inches.
Therefors, BEffective Diameter = 3.0 4 0.03125 - 0.007595

Bffective Diameter = 2,02366 inches
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Determination of the Capacitance of the Eleetrods System in
Vaguun, O
The capacitance of the electrode systewm in vacuum, O, is

given by the e&qum:iw(mz

Gy = &’% aslgntrostatic wnlte

wh&wz
E = the dielentric conetant of a vagoum
& = the sres of the cirveulsr electrode
t = ghe distapce batween the civeulsr electrodes

2
or ; _
: Co = 0. 17660 11666 picofarads
where:

d = the effective dismeter of the gusrded elactrode
¥For the Monsanto 101-2020 swlded polystyrene slab:

d = 3,02366 ioches
t o= 0,0472 inches

Substituting in the above squation:

Cy o 0.1766 (3,02366)2
5.& 72

Cy = 34,2 picofarads



The density st 23%¢ aﬁ the polystyrene samples wae determined

using the standard water displacewent wmethod, The ﬁa&immg equation
wap used for the determination:

Density et 23°¢ = . -;.2 — X €0.9975)

Where:

@ = The weight of the specimen in air,

b = The welght of the specimen complevely immersed and of the wire
partially immad in the water,

w = The weight of the pareially ilmmereed wire,

0,9975 = The density of water (g/em’) at 230¢,

Substituting the date from Table VII , page 43, for the Dow P52 poly-

styvens,

Density ae 239C = _

Dengity at 23% = 1,0534 giw?’
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The viscosity average solecular waight of the polystyreve was
determined using the following equation from Billmyer:

(1] = mae

Wheres
M = The viscosity svervage wolecular weight, ;
B = A constent for the polystyrvens-toluene system, at 30°C, 9,2 % 10~5,
@ = A constant for the polystyrene-toluene eystem, at 30%¢, 0,72,

[7] @ The intrinsic viscosity
Substituting the value for the intrinsic viscosity of Dow 666-0-26.7
polystyrene £vom Table 11I, page 28:
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