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Abstract

The electrical conductivities of PVC and PMMA were investigated
either alone or composite with ionic liquids up to 110 °C, choline dodecyl
benzene sulfonate, ammonium dodecyl benzene sulfonate and choline
chloride / urea were added in 10 wt % and 20 wt %. The conductivities of
both composite polymers were improved changing the behavior of these
polymers from insulator into antistatic characterization as ther

conductivitiesreach 10° S. cm™.

The experimenta results showed that the D.C electrical conductivities
were clearly increased with increasing the added weight of ionic liquids
and also increased with increasing the temperature. Where in each cases
PVC has higher conductivities than PMMA polymer, in addition added
lonic liquids showed amost equal effect on either PVC or PMMA.
However, these ionic liquids showed the following trends of influence of

conductivity:-

choline chloride / urea > ammonium dodecyl benzene sulfonate > choline

dodecyl benzene sulfonate

Furthermore, the presence of ionic liquids in each wt% reduced the D.C
activation energy and more decreased with increasing the added weight of

ionic liquids.
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General Pert

Materials classified as polymer are long chraglecules with a repetition
of structural unit. The structural units are callecbnomer, which are
connected to each other by covalent b6hdvlacromolecule, big molecule
also are used to define polymer term. However elangplecule of complex
structure can be cover better by this name "palysiace the latter carries
with it the connection of simple repeating uniteTprocess of connection is
called polymerization. The structural unit may dbmed together in a variety
of ways to form polymers. The number of these regmkainits is called

degree of polymerizatioh.

If all the structural units are identical (okmd) the polymer is called
(homopolymer), if the polymer incorporating two amore chemically
different type of structural units into the chamen it is termed (copolymer),

many commercial synthetic polymer are copolynie?s

There are three main structural shapes in whiclynped molecules are
produced, which can be classified irfd:

1. Linear polymers: - like polyethylene and polyvimyiloride.
2. Branched polymers: - like low density polyethylene.
3. Cross-linked polymers: - like thermosetting resipgenoplast, and

uroplast.
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Depending on the structural shape of the polymeecue™®™>

The simplified structures of these polymers aregin Fig. (1.1)

Crosslinked

Figure (1.1):- General structure of polymers.

Polymer materials is used as engineering natespecially plastics.
Plastics can also be classified into: thermoplagtermosets (thermosetting
resin).

Thermoplastic: important materials which arétesong and flow upon
application of heat, and can be remolded many timesddition to be
processed by molding technique and easily deforrfBedie of these types
of polymers are: polyethylene, polypropylene, pblsene, polyamide
(nylon), polymethyl methacrylate, polyvinyl chloeé .

Thermosets: The thermoset polymers are thise oheated, react
irreversibility so that subsequent application eatand pressure do not
make them soften and flow. In contrast to thermstptgpolymer thermosets
polymers are substances which can not be meltedremeélted but set
irreversibility, such as phenolic resin, epoxidessaturated polyester,

polyurethanes and melamine formaldeh§dé



Chapter 1: General Part

In contrast to many materials, polymers do not hawmeue molecular
weight but are described in terms of an averageecotdr weight®. In
comparison to well-orderd, covalent, or ionicallyonided inorganic
materials, polymers are weakly bonded, disorderaténals. The functional
groups from which they are made up need not to havique spatial
relationships to each other, these differences hdmtinguished the
polymers from other materials. The polymers argeneral heat insulators
and are usually soft and easily distorted. Theyedgetrically insulator and
poor conductor of charges, thus display good exwegily high chemical
resistancé®.

The above properties make polymer materialpgaular such that the
concept of polymer (or macromolecule) spread rgpiaio many areas of
natural sciences and technology. In engineeringel@ample, a series of
successes in commercial polymer synthesis establisinew sector of
international chemical industry devoted to prodgciand applying
polymeric materials, notably plastics and rubberatmmg and adhesives.
one of related examples are the use of polymerthenfield of electro
electrophotography and the technological applicatiof  different
phenomena found in polymers, such as the piezoeliéct and

pyroelectricity, in transducers and solar detecfots

Polymeric materials are unique because of dmnge of structural forms
that can be synthesized and the way in which clsacga be made in the
structure in a local or general way. They can exssamorphous materials,
crystalline materials, or mixture of crystallinedaamorphous materiafs ®.
Even highly crystalline polymers (e. g. polyethyenpolypropylene,
polymethyl pentene) contain considerable amorphphbase. They are
molecular materials, that is, each polymer chais ha own individual

entity, and the interaction with other polymer chas usually weak.
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Polymer chains can occurs in different conformataod can be oriented
mechanically.

It is now clear that many polymers materialsg®s a significant degree of
crystalline. On the other hand, many others arendoto be completely
amorphous. The presence or absence of crystalbneetermined by
molecular structure and thus the division of polysnato crystalline group
and an amorphous group.

Crystalline polymers include: Stereoregular bpolymers with strong
interaction forces and certain block copolymer,daamples: poly ethylene
(high and low density), poly propylene, celluloggmlymethyl pentene,
polyethylene terphthalate, polyethylene oxide.

Amorphous polymer include: A tactic homopolymand random
copolymer. For example: Chlorinated polyethylenelystyrene (atactic
commercial), acrylonitrial butadiene styrene, padynyl methacrylate and
polyvinyl chloride, and wide cases of thermosetly/mers. Many factors
affected on crystallization of polymers, includater of cooling, presence of
orientation, melt temperature, molar mass, chamsdhing and additives.
How ever, most polymer materials contain some pero€ crystalline and
some percent of amorphousity.

One of the important characterizations of paysns the glass transition
temperature (Tg) which can be defined as a tempergtoint where a
polymer experiences a significant change in properiTypically, the Tg is
where a polymer structure turns "rubbery" upon ingaand "glassy" upon
cooling. Amorphous polymers are structural below. TAmorphous
materials go through one stage of the change fraglassy to a rubbery
consistency with a simultaneous loss in stiffnd$ss stage of going from
stiff to flowing is over a wide temperature ran@¥ystalline materials go

through a stage of becoming leathery before becpmibbery.
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There is a loss of stiffness in both of these "adgowever, crystalline
materials have a sharp, defined melting pBift

Polymer may thus consist of linear chains ayeahin some way and hold
together in the solid by Vander Waals forces betwseins and mechanical
entanglement. See Fig. (1.2):

Vander Waals
forces

Figure: - (1.2) Linear chains held together by Vender Wallsforce and

mechanical entanglement.

In comparison with metals, polymers have thkofdng properties®:
Lower densities, lower stiffness, lower thermal dwoctivities, higher
thermal expansively, resistance to chemical envn@ms (weak acids, weak
alkalis, and salt solutions), however, they aretadtave resistant to organic
solvents. In addition, polymers are good electrigadulators, having
resistivities which are about (fptimes greater than those of met&is®,
Although the main interest in the electrical prags of polymers was
effectively limited to their electrical insulatingroperties, considerable
science research projects have been devoted tofymedme of these
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properties. Even though the polymers are almosssiflad as good
insulators, a conducting polymer is a chewabledesirable. A lightweight,
readily moldable, desirable conductive material loag been recognized as
a worth while goal to work fof®. The thermoplastic polymers (i.e. PVC

and PMMA) have been studied in this work whichasvrbeing outlined.

1.1.1 Polyvinyl chloride:

PVC is a thermoplastic, linear amorphous polyn¥inyl chloride
monomer and its polymers occupy a unique plac@éenhistory of plastics.
Arriving early in technology of synthetic resindiey have not been
displaced by new polymers. To the contrary, theyihareasingly important
(11).

Vinyl chloride had its beginning in the labawgt of the French chemist
Regnault'® in 1835; when he produced vinyl chloride by mixing ethylene
dichloride with an alcoholic solution of potassitnydroxide. The material
remained laboratory curiosity, however, until Ostislensky ¢,

investigated vinyl chloride chemistry in 1912.

The First World War resulted in heavy demandsGerman’s chemical
industry. Because of rubber shortage, German clhemagain investigated
Regnault's work, and in 1918 Klatte and Rolffét developed the first
practical method of polymerizing vinyl chloride.ftund a wide acceptance
as substitute for rubber as well as building materin the United Kingdom
PVC was not produced on commercial scale untilaiebreak of Second
World War™®. This polymer is produced by addition polymeriaatif the

monomer vinyl chloridé™), see Fig. (1.3)
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Ethylene + Chlorine

Monomer
(Vinyl chloride)

Repeating unit

Polymer

Poly(vinyl chloride)

L
H CIl HCIl H CI

Figure (1.3):- Schematic diagram for Preparation of polyvinyl chloride

Polyvinyl chloride is a linear- chain polymeithvbulky chloride side-
groups which prevent crystalline regions occurnmggmally. PVC is hard
and rigid material at room temperatt® Straight poly (vinyl chloride) is
colorless rigid material with Tg about 8Q. It has relatively high density
and low softening poirft”.

The presence of the chlorine atom causes tease in the inter chain
attraction, hence an increase in the hardnesstdfreess of the polymer is
recognized. PVC is also polar polymer because dIl Glipole. These

properties make PVC polymers as good candidatehen application
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involving high frequencies because high dieleatnastant and high power
factor values higher than polyethylene owing to plodéar carbon-chlorine
bond™®.

PVC has very limited solubility. The most etige solvents are those
which appear to be capable of some form of intevaawith polymer. It has
been suggested that polyvinyl chloride is a weekqor donor and effective
solvents are proton accepf&?. Thus the PVC polymer is soluble at room
temperature in oxygen-containing solvents such therg e. g. dioxane,
tetrahydrofuran; ketones e. g. cyclohexanone, nhetimputyl ketone and

nitro compounds, e. g. nitrobenzéet

PVC including the various copolymers of viylloride and chlorinated
PVC is expected to remain important among thernstigla because of its
compatibility with a large number of other produdes g., plasticizers,
impact modifiers), in contrast to other plasticecBuse PVC’s mechanical
properties can be adjusted over a wide range,igglkelverything from rigid
to flexible end products, there are many differerdcessing methods and
applications for PVC.

The importance of PVC in the field of plastiosyigid form of PVC, can
be extruded into pipe, conduit or sheet, while lexible form it can be
substituted for rubber in low-voltage cables andideo wiring *®. This
polymer may be regarded as the most widely usestiplanaterial important
applications from high volume construction relageaducts to simple

electric wire insulating and coating$.
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1.1.2 Polymethyl methacrylate:

PMMA is a thermoplastic, amorphous polymer. Ihetrylic ester
monomers have the generic formula£8 (CH) COOR, and is the nature
of the R group that generally determines the prog=epf the corresponding
polymers. PMMA is a member of a family of polymevkich chemists call
acrylates, methacrylates differ from acrylateshattthea hydrogen of the
acrylates is replaced by a methyl group. It is éhenethyl group of the
polymethacrylate that imparts the stability, haekeand stiffness, of
methacrylic polymers®. Rohm and Bauer™ polymerized methyl
methacrylate into transparent sheets in 1932. PMdvBk amorphous plastic
with a high surface gloss, high brilliance, a clé@nsparency of 92 %
(inorganic glass also has a transparency of 92a#i@,a refractive index of
1.49. PMMA is classified as a hard, rigid, but tieitmaterial, with Tg
=105°C. PMMA has good mechanical strength, it isistance to many
chemicals chlorinated but soluble in organic solgsesuch as ketones (e.g.
methyl ethyl keton), chlorinated hydrocarbon (chform), esters (ethyl
acetate) and ethers (e.qg. tetrahydrofuf&rm®

PMMA can be produced using a variety of polyimeion mechanisms.
The most common technique is three radical polymerization of MMA.
The free radical polymerization of MMA can be perfied homogeneously,
by bulk or solution polymerization, or heterogengguby suspension or
emulsion polymerization. Free radical polymerizasiocan be performed
relatively easily™® ?®. Radicals can be generated with radiation, heat, o
chemical agents (usually in conjunction with radiator heat). The free
radical polymerization of MMA is the predominantiustrial mechanism to
produce PMMA®*??, Fig. (1.4)?Y show the free radical polymerization of
PMMA polymer.



Chapter 1: General Part

free radical
vinyl polymerization

CHy
» 0
=0

0
m
*Hs

methyl methacrvlate poly(methy]l methacrylate)

Figure (1.4):- Freeradical polymerization of polymethyl methacrylate

MMA can be polymerized spontaneously with hgagh boiling liquid)
this polymerization is extremely slow, however, aofl no industrial
relevance. MMA has been polymerized anionically. e Thranionic
polymerization is not used industrially because thenomer has to be
extremely pure, and the polymerization must be queréd at very low
temperature§® 22

PMMA has favorable processing properties, gt@irhoforming, and can
be modified with pigments, flame retardant addgivdJV absorbent
additives, and scratch resistant coatings and reelse good weather
resistancé %)

Because of the excellent optical propertiesather resistance, light
weight, impact and shatter resistance (comparedintwganic glass),
another polymer used as an unbreakable glass &ibss$ polycarbonate but
PMMA is cheaperf®®. Heat resistance, and process- ability make PMMA
has many profound and diverse uses that affeclives every day. PMMA
also can serve as a conduit for light. The abtitynold PMMA precisely
allows complex optical design to be manufacturesdlyand inexpensively.

PMMA is also used to improve vision externakiie body, again due to

its excellent optical properties and process gbitis well as its biomedical

10
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inertness when in contact with the eye, as cor¢mses are. Hard and soft
contact lenses, and optical spectacles for eyezgasare all made
commercially from homopolymers and copolymers ofNeA®®: 22

The bulkand surface resistivities of PMMA are higher thhaattof most
plastic materials. High resistance and non trackihgracteristics have
resulted in its use in high voltage applicatios gkcellent weather resistance
coupled with its electrical properties have prordotiee use of polymethyl

methacrylate for out door electrical applicatiéiis

1.2 Conductivity of Polymers:

There are several methods of producing condeigbolymers or some
times called as (conductive composite). Among thesel the most
commonly one is achieved by introducing macroscpmces of conducting
materials into the hosted polymers to obtain cotidilg composites with a
desirable conductivity. Thus, conductive compositesle by inclusion of
suitable additives such as graphite powder, catilanok, metal powder,
carbon fibers and ionic solid powder in to the bofla polymer commonly
used. Apart from the obvious application of highbnductive materials for
power and signal transmission, there is also a rieednaterials having
intermediate conductive properties for flexible theg elements and graded
cable isolation®®. Conducting polymers have also been proposed as
promising materials in circuitry element, functiogi as passive element

(conducting trace) or active elements devicesgern junction§** %)

11
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In terms of their electrical conductivityatarials can be ground into

four categories: - superconductor, conductor, senaactor and insulator
@3 The range of materials including polymeric matisriand their electrical
conductivity are illustrated in Fig. (1.5), the ganof electrical conductivity
iIs observed in materials which covers a range @j (ders of magnitude

from the best conductors (superconductors) withf 10 S. cni' to the best

insulators withs of 10*° S. cn.

Superconductors

Copper, Silver
Bismuth

Conductors

InSb

Germanium

uctors

Cadmium Sulphide

Insulator Diamond

Sulfur

Quartz

Conductivity (S.cm™)

GRAPHITE / AsF;

(CH-(AsF3)"**)(SN)

TTF / TCNQ (CH)3AsF;

GRAPHITE

TIonenc TCNQ complexes
Pyridinium TCNQ complexes
Trans (CH);

Pyropolymers

Cis (CH);

Metal chelate polymers
Nylon

Teflon

Polyimide

Polyester
Polystyrene

Figure (1.5):- The conductivity of materials (including polymers).
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Polymers (i.e. plastics) primarily regarded as lagus. In last three
decades, conducting as well as semiconducting polywere discovered
and been widely producéd. As shown in Fig. (1.5).

Most plastics are naturally non-conductive, deertheir wide use as
electrical insulators. Because of their ease lmfi¢ation, however, polymers
are highly desirable materials of construction. Yéheome transfer of
electrical charge is desired modifications to tledymer must be made to
increase conductivity. This has resulted in ptsstieing formulated for use

in four distinct application categories of incremsconductivity:

1. Insulating (e.g. wire coating)

2. Dissipative ("anti-static" polymers)

3. Conductive (materials capable of conducting modasbunts of
electrical current)

4. Highly Conductive or Shielding (materials capablie conducting

significant amounts of electrical current)

The easiest "conducting" attribute to achiava ipolymer is to make it
"anti-static”. Anti-static polymers do not conduglectrical charges in a
conventional sense. They do, however, permit elastto move across the
surface from areas of high charge to areas of logle@arge there by
eliminating the tendency to deliver a shock or memspark. "Anti-static"
compositions are generally characterized by sunfesgvities of 18to 10
Ohm. cm®?,

13
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1.2.1 Electrical properties of polymers:

Electrical properties of polymers are the respom#ssn an electric field
applied and the subject of electrical propertiepafmers covers a diverse
range of molecular phenomena. In contrast to metahen the electrical
response is one of electronic conduction, polyndisplay a much less
striking responsé’?. As a consequence of the characteristically ingga
nature of polymers, any electrostatic charges tiiney acquire are retained
for along time. Since charges may be deposited lyentontact with
different material, the charge conditions are feagly encountered with

articles made from polymers.

It is worth pointing out here that, althougmtarct charges represent only
slight imbalance of charge compared with the tatabunts of positive and
negative charge present in matter, they can nesdeds to give arise to

electric fields which are high enough to causelspgrin air®®.

Polymer is not completely free of conductiongasses, small quantity of
charge carriers it may posses low-level conduci®ressentially insulating
polymers can take variety of forms. Conduction magry often be
contributed by impurities that provide small corication of charge carriers
in the form of electrons or ions. At high fieldsetelectrodes may inject new
carriers (holes and electrons) into the polymeesjsig the current to
increase more rapidly with voltage than in accagdimth Ohm's law. At
very high fields, these and other processes waltl o complete breaking

down of polymers as insulating materigfs®®

14
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Insulators, most commonly polymers, are widaBed as inter level
dielectrics, encapsulates, and materials for thekq@ging and housing of
electronic equipmentThe electrical insulating quality inherent in most
polymers has long been exploited to constrain aotept currents flowing
along chosen paths in conductors and to sustamméiggtric fields without

breaking down.

1.2.2 Electrical properties:

Solid can be divided according to their eleetriproperties as outlined
earlier into three classes: conductors, insulatnd semiconductors, in
terms of their electrical conductivity. Conductiaf electric current in
materials is the result of the movement of chamgaticles (ions or electron)
under an applied electric field. The electrical doction in any matter is

given in the relation:

c=nqu (1.1)

Where (n) is the concentration of charged carri@gp,is the value of the
charge carriers angi)is the mobility of carrier§?.
The phenomenon of conduction exhibits appreciabateation depending on

the nature of charge carriers in matter. The bigpes of conduction are:

1. Electronic conduction: where the carriers are eldgarg negatively
charged particles-(electrons).

2. lonic or electrolytic conduction: where the carsiare ions, i.e. the
parts of atoms or groups of atoms having a positvenegative

charge.

15
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3. Electrophoresis conduction: where the carrierdlaecharged groups
of molecules-motions. The flow of current throudie tmatter is
attended by an electrophoresis effé€t In general the magnitude of
conductivity and nature of conduction can essdgtiadhange

depending on the temperature, structure and impurit

Conductivity depends on temperature: it geherahcreases with
decreasing temperature for “metallic” materialsnisoof which become
superconductive below a certain critical tempemra{lic), while it generally

decreases with lowered temperature for semiconduatad insulators.

1.2.3D.C électrical conductivity:

The electrical conductivity is one of the megdely known varying

physical properties. This conduction through a s sandwiched
between metal electrodes has been the subjectevést for theoretical and

experimental investigatof&,
Conductivity is defined by Ohm’s law:
U=RI (1.2)
Where | is the current through a resistor and thesdrop in potential across
it, the proportionality constant R is called thesistance”, , R is measured

by applying a known voltage across the resistor medsuring the current

through it. The reciprocal of resistance )Rs calledconductance.

16
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The resistivity ) is a measure of the electrical resistance of temad,
being defined by:-

p=RA/L (1.3)

Where R is the resistance of a length (L) of asisectional area (A) which
iIs area of the aluminum electrode, as shown in FElg6), the unit of
resistivity @) is the . cm).

The electrical conductivitys] is the reciprocal of the resistivity:-

s=1/p =L/RA (1.4)

The unit of conductance is the Siemens (3. The unit of conductivity is
(S .cmb). Since conductivity is the reciprocal of the séisity, an electrical
insulator will have a very low conductivity, whikn electrical conductor

will have a very high conductivity.

Figure (1.6): Determining theresistivity of the specimen.

17
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The electrical conductivity for non metallic teaals varies exponentially

with temperature (T), and is given by an Arrherggsiation®-

o =oc.exp (-E./ BT) (1.5)

Where B is the Boltzman constant angd i& the activation energy which is
defined as the smallest energy that will raiseftée energy of an atom or a

molecule to such state so that it can go over tieegy barrier.

The rate of this process will be dependenthennumber of molecules or
particles having sufficient thermal energy to retted energy barrier and on
the velocity of these molecules or atoms will cribss energy barrier.

If the electrical conductivityc] is measured over a wide range of
temperature, keeping other parameters constanpjdkeof the logarithm of
the conductivity against reciprocal of the absol@®perature are straight
lines and from its slope, the activation energy)(Ean be calculated for this

process?.

1.2.4 Conductive Polymers:

Conductive polymers are polymers which contains. The ions are,
however, not very mobile in each of these materlalpolymer electrolytes
the chemical structure of the polymer should benuped for a high ion
mobility and long range ion transport, thus for gdon conductivity®”.
The science of polymer electrolytes is a highlycslezed interdisciplinary
field which encompasses the disciplines of eletteoustry, polymer
science, organic chemistry, and inorganic chemidthe field has attracted
ever-increasing interest, both in academia andsmgufor the past two

decades due to the potentially promising applicetiof such electrolytes,

18
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not only in all solid-state rechargeable lithiumlithium-ion batteries, but
also in other electrochemical devices such as sapacitors,
electrochromic windows, and sens6ts

Understanding the electrical conduction of padys is important in two

main areas:-

1. The generation of high-performance electrical iaguris.
2. The synthesis of metallically conducting polymé&t.

Researchers, generally, have demonstrated dbiatluctive polymers

can be used as energy storage element in:-

Capacitors and secondary batteries.
As semiconductor material in diodes.
Insulated gate field effect transitions (FET) aiggthi emitting diodes.

WD

As conductive layer for electromagnetic shieldingM() and

electrostatic protection.

Polymers as stated earlier in section (1.43pldy conductivity lying
between the conductivities of insulators and ofatliet conductors, such
polymers are said to be conductive, the phenomeoanaluction in organic
compounds was first observed in certain polymerdgarbons and dyes, it
was established that conjugated polymers exhibmig@Educting properties
the conjugated include polymers made from acetyf@lgmers, pyrolized
products, hetrocyclic polymers and materials comtg metallic atoms in
their structuré®®. The unique properties of inherently conductivéypers
stem from the possibility of fine-tuning the conduity by adjusting the
amount of dopant incorporated within the polymeopidg / undoping

19
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reversibility, and the optical absorption charasters in the UV-Visible and
near infrared as well as its electromagnetic alignrgharacteristics.

Several polymers have been tested and proveuotk in a variety of
applications including:- Batteries, capacitors, gmandows, light emitting
diodes, transistors, photovoltaic, corrosion cdnttonductive adhesive and
inks, static dissipation, electromagnetic shieldinggdar microwave
absorption, direct plating, clean room applicatsemnsors, microlithography,
electrostatic powder coating, direct plating andigddelivery systems.
Examples of some conductive polymers are showngn(E.7)®:-

Doped _Polyanilineis used as a conductor and for electromagnetic
shielding of electronic circuits. Polyaniline issal manufactured as a
corrosion inhibitor. The_polypyrroleonductive polymer has even higher
conductivity than plastic extended with conductifider shields. The
experimental results for the shielding efficiendypolypyrrole films over a
wide range of frequencies in radiation field (IMH£Hz)®?. It has been
tested as microwave-absorbing “stealth” (radardiile) screen coatings
and also as the active thin layer of various sendevices.

20
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Polyaniline Polythiophenes
Polypyrroles

Ry

\

Ry
Poly(ethylene dioxythiophene) poly p-phenylene vinylene)

Figure (1.7):- Example of some conductive polymers.

The polyanilines, polythiophene and polypyraie very useful materials
for fabricating electro-optical display devig.

Polythiophene for example show change in cédom red to blue on
applying voltage, the change color lasts for sdvapars, thus showing the
possibility of being used as an optical memory &etn Polythiophene
derivatives are promising for field-effect traneist;, they may possibly find
a use in supermarket checkouts.

Polyethylene dioxythiophene (PEDOT) doped vatty styrene sulfonic
acid is manufactured as an antistatic coating nadtey prevent electrical
discharge exposure on photographic emulsions asal sdrves as a hole
injecting electrode material in polymer light-enmt devices.

Several types of polymer electrolytes have beatveloped and
characterized as hosts polymers, such as thosd bas@olyethylene oxide

21
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(PEO)®®, polyacrylo nitrile (PAN)®”, polymethyl methacrylate (PMMA)
38 polyvinyl chloride (PVCY*®, and polyvinylidene fluoride (PVdF}.
Table (1.1): lists some polymers that have beemshgated as hosts for

polymer electrolytes and their corresponding chahfrmulae“?.

Table (1.1): Polymersthat have been investigated as hostsfor polymer
electrolytes and their corresponding chemical formulae

Glass

Polymer host Repeat unit transition

Temperature
Tg(°C)

Poly(ethylene oxide) -(C¥CH,0O)n-
Poly(propylene oxide) -(CH(-CHICH,O)n-

Poly[bis(methoxy
ethoxyethoxide)- -[N=P(-O(CH.CH,0),CHs),]n-
phosphazene
Poly(dimethylsiloxane) -[SIO(-Chh]n-
Poly(acrylonitril) -(CHCH(-CN))n-
Poly(methyl -(CH,C(-CH,)(-COOCH))n-
methacrylate)
Poly(vinyl chloride) -(CHCHCI)n-

Poly(vinylidene fluoride) -(CH,CF)n-

22
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1.2.5 Applications of conductive polymers:

In 2000 the Nobel Prize in Chemistry went to thesmgentists--Alan
Heeger, Hideki Shirakawa and Alan MacDiarifd for the discovery and
development of Conductive Polymers. This innovai®ibeing realized in
commercially viable applications as outlined eaiinesection (1.7).

Conducting polymer§® offer a unique combination of properties that
make them attractive alternatives for certain malercurrently used in
microelectronics. Conducting polymers have potérdiaplications at all

levels of microelectronics (See Fig. 1.8).

While many highly conducting materials are Jydavailable (e.g.
metals), most of these are not easy to economitaligicate into complex
shapes. Thermoplastics on the other hand areyeasd inexpensively
moldable or into an almost unlimited variety of gea and sizes. Because
of their ease of fabrication, plastics that condalectrical charges are
frequently desired for various applications whée ¢onductivity of metal is
not required. Plastics can, in fact, be formulated have specific
conductivity characteristics from very low to vemygh conductivity as

necessary and desiraff&.
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Electrostatic
discharge (ESTH)

rotection :
pres Electromagnetic

interfarence

(EMI) shielding

Lithopraphy— . [nterconnection
¢.2., charge technologies!
dissipatora, WITLOE
conduchng resists

Figure (1.8):- Potential applications of conducting polymersin

micr oel ectronics.

In this time, when the technology is going gvance and the nature is
suffering a lot of changes, because of this reasmnhumanity should look
for option that does not cause a lot of damagen¢onature. Actually the
polymers are in abundance in the world and sewdrahem “have been
tested and proved to work in a variety of applmasi’ used all the time and
for the majority of the peopleThose are strong reasons to study the

properties of the conductive polymers ¢ 44
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1.3 1onic Liquids:

lonic liquids are solvents consisting entirefyions resembling the ionic
melts of metallic salts, however, ionic liquids diguids at much lower
temperatures (less than 209 “. The ionic liquids generally consist of a
combination of organic cations such as imidazoliupyridinium,
pyrrolidinium, ammonium, sulfonium and phosphoniand bulky and soft
anions, such as GEO°, N“CF,SO?, PR, and BR. “®

It is also called the "desigmersolvent" by changing the types and
combination of its basic composition, positive iargl negative ions, it is
possible to produce a limitless variety of chemmaipounds, as it makes
possible the creation of electrolytes, which hagw mnd non-conventional
performance through modification of molecular dashly changing types
and combination of positive ions and negative i&iws.this reason, research
has advanced worldwide into various industrial aaplons which take

advantage of ionic liquid characteristf¢s.

They have unique properties such as highhtakeand electrochemical
stability, high ionic conductivity, negligible vapgoressure, and non-
flammability and resistance to moisture absorptibimese properties make
ionic liquids potential benign solvent replacemefds volatile organics
traditionally used in organic synthesis and sepamatprocesses and

electrochemical applicatidfr.
lonic liquids are fluids that consist entirebf organic cations and

inorganic or organic anions Fig. (1%8) Seddon speaks of about one trillion
(10" possible cation / anion combinations to prodasg liquids®?.
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1. Common Cations:-

R1
Rd—f\lf—FL?

R3
Tetraalkylammonium

1

R2

R H\N)@!fﬂa

R4
Di, Tri, and Tetraalkylimidazolium

R
I RiL - R2 i +R2
=
| D
P L
Alkylpyridinium  Dialkylpyrrolidinium — Dialkylpiperidinium
g’
R
|, R I|\J R®
RI—P=R2 & e N g
R3 R3 R2

Tetraalkylphosphonium

2. Common Anions;-

Trialkylsulfonium

tetraalkylammonium

[CI], [AICLY], [N (SQ.CF3)]', [BF4], [P, [CRSO;]

Figure (1.9):- (1) Common cations and (2) Common anions for ionic

liquids.
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1.3.1 Historical aspect of lonic Liquids:

lonic liquids may be considered as a new ctdsemarkable solvents,
yet they have been around for many years dating teathe 19008. lonic
liquids were initially discovered by electrocheraishany years ago while
looking for ideal electrolytes for batterié8. The first recorded ionic liquid,
ethylammonium nitrate [sNH3] [NOs], which is a liquid at room
temperature, was discovered by Walden in 14 was first developed by
the military for use in liquid propellant”. Walden measured the physical
properties of ethylammonium nitrate, ;jdsNH3] [NO3], which has a
melting point of 12°C, formed by the reaction of ethylamine with
concentrated nitric acid. The modern history ofiediquids started with the
development of aluminum chloride based salts fectebplating in 19482

Then, Hurley and Weir® stated that a room temperature ionic liquid
could be prepared by mixing and warming 1-ethylgiysium chloride with
aluminum chloride. lonic liquids were in the soneipd discovered by US
scientists Frank Hurley and Tom Weir at the Ricstitate in Texas in
1951while looking for a cheaper and easier wayléateoplate aluminum.
The ionic liquid they produced was an alkylpyridim chloroaluminat&.
The imidazolium cations were discovered by Hussey Wilkes at the US
Air Force Academy while looking for a replacememt the alkylpyridinium
cations since they were relatively easy to reddomh chemically and
electrochemically, their particular favorite, [ethgnethyl imidazolium]
[AICI,] had a melting point below room temperatuf®”. The
chloroaluminate ionic liquids act as both catalgsid solvent in many
processes, chemical reactions in the chloroalumiietic liquids, including
Friedel-Crafts ®® and oligomerisation reactionS® have been tested

successfully. However, they suffered a major draskbdhey are air and
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water sensitive and therefore their use as solvemtsransition metal
catalysis is limited.

In 1970s and 1980s, Osteryourfgand Hussey® carried out extensive
research on organic aluminum chloride ambient teatpee ionic liquids
and the first major review of room temperature coiquids was written by
Hussey®. The ionic liquids based on AlCtan be regarded as the first
generation of ionic liquids.

In 1992, Wilkes and Zaworotk® reported the first air and moisture
stable ionic liquids based on 1-ethyl-3-methylin@di@&um cations with
either tetrafluoroborate or hexafluorophosphate asions. The
hexafluorophosphate ionic liquids are, howevers Esble to moisture and
are known to hydrolyse in the presence of waterleat to form HF and/or
phosphoric acid. Therefore, ionic liquids basedrmame hydrophobic anions
such as tri-fluoromethanesulfonate ¢SBs), bis-(trifluoromethanesulfonyl)
imide [(CRSO),N_] and tris (trifluoromethanesulfonyl) methide
[(CF3S0,)sC_] have been developéd. These ionic liquids have received
extensive attention not only because of their leactivity with water but

also because of their large electrochemical windows

1.3.2 General advantages of lonic liquids:

Green chemistry concentrated its aims on design of chemical
products and processes that reduce or eliminateigbeand generation of
hazardous substancé®. With the rapid advancements in the field of
synthetic organic chemistry, more and more enviremnfriendly processes
are being developed at rapid rate. Recently, thasebeen an upsurge in
interest in ionic liquids. It is generally acceptddht ionic liquids posses

relatively low melting points and are less visctlign molten salts. lonic
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liguids have low vapor pressures, are considereanbgy authors to be
environmentally friendly and can be applied in manyanic reaction$>.

The very low vapor pressure of ionic liquidsshed to their use as a
green solvent in environmentally friendly reacti@amsl separation processes
%) This feature of ionic liquids permits their repssuse as benign solvents
for green chemical syntheses without solvent loghé environment due to
evaporatiori®®. Due to these excellent characteristics of iowjaitls which
makes them superior to other organic solventsnistis have done much
work on their applications in electrochemistry,uiidqliquid extraction and
catalysis, including biocatalysis and polymerizatf5.

lonic liquids have become very popular in récgears and have proven
to be versatile alternatives to classic synthetmcedures using common
organic solventsApplication in organic synthesis is enormous antl st

increasing. They have become of great importancelamelopment of

: : . (67) : (68)
laboratory or industrial catalytic processesand biocatalysis . They have

been used in various polymerization processes ae@amtion of ion
: (69, 70) : L o
conductive polymer electrolytes . Technical applications of ionic liquids

. o . : - (71)
present big diversity including preparation of is&nsitizers , solar cells

(72) . (73) . (74)
, lubricants for steel , improvement of aerogels productionand

(75) . : :
HPLC methods , and even embalming and tissue preservation for

: : (76)
biological purposes .

B. Weyershausen and K. Lehmaffhbelieve that due to their unique
properties ionic liquids have a great potentialb® used as performance
additives in many materials and applications. Tp@ieation of ionic liquids
Is in accordance with the chemical industry's gings and principles

concerning the initiatives sustainable developragwtresponsible cafe’.
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1.3.31onic liquidsin eectrochemistry:

The physical and electrochemical propertids ao stable room-
temperature molten salts have been extensivelyestddr electrochemical
application as electrolytes for batteries and ciapec®. It possesses
several properties which make them attractive @diieves to traditional
nonaqueous electrolytes and attractive candidates farious
electrochemical devicéS). lonic liquids with different organic cations have
also been suggested for electrolyte applicationsh sas metal surface,
finishing batteries, capacitors, fuel cells, elesynthesis, actuators and
nuclear waste treatmefi?.

lonic liquids containing various nonchloroainate anions, which are
stable in air and moisture, are receiving muchétia due to their potential
applications in many diverse fiel§& 8"

As a large number of combinations of catiand anions are possible, so
the physicochemical properties of ionic liquids da@ controlled by a
suitable choice of the composition of ionic liquithe physicochemical
properties of different hydrophobic and hydrophibaic liquids based on
imidazolium cations have been reported to depenmhupe alkyl chain
length of the imidazolium cation and nature of &iméon ®?.

Central Research Institute of Electric Poweduistry has focused on
room temperature ionic liquid because it may befulstr producing
inherently safer lithium secondary batteries ifduss electrolyte due to its
superior flame resistance compared to flammablarocgiquid electrolytes
“" The applications of ionic liquid as an alternatio more classical non
aqueous electrolytes because of their intrinsig@riies the hydrophobic
ionic liquid can successfully be used as solventdithium salts leading to
hydrophobic lithium electrolytes of high conductini®®.
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A change in viscosity, density, ion size amgjreée of dissociation also
affects the conductivity of ionic liquid; howevers difficult to estimate the
contribution of each parameter separately. Howeawest of the studies are
mainly on ionic liquids containing various fluoroans and both cations and

anions have been reported to be mobile in sucle looquids, as electrolytes

in various electrochemical applicatiofis .

1.3.4 Choline Chloride:

More recently, researchers have been movimgyarom [Pk] = and

[BF4] = since they are highly toxic or even away from pQgelwated
compounds completely. Moves towards less toxic ooati have been
growing, with compounds like ammonium salts suckbladine being just as
flexible a scaffold as imidazol&.

Choline chloride is a quaternary amine daihanaminium, 2-hydroxy-
N, N, N-trimethyl-, chloride, €H;,NO.CI

It dissociates in water into the correspondipgsitively charged
quaternary hydroxyl alkylammonium ion and the negdy charged
chloride ion. Its structure is illustrated in F{@.10), and physical properties
tabulated in table (1.4".

Figure (1.10):- Structural formula of Choline chloride.
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Table (1.2):- Physical and chemical properties of choline chloride.

Physical state White crystalline solid
Melting point 302C

Not applicable due to decompositio

Boiling point on heating

Relative density 1.1 g/cin

Viscosity 21 c poise

Vapor pressure 6.6*10Pa
Water solubility 650 g/l

Molecular weight 139.63 g/mole

Eutectic mixtures of salts have been utilil@da long time to decrease
the temperature for molten salt applications. Ambiemperature molten
salts have been formed by mixing quaternary amnmorsalts with metal
salts.

Halide salts can also form complexes witdrbgen bond donors and
previous work has shown that mixtures of urea vailkali metal halides
form eutectics with melting points of < 150 &. While a few reports also
exist for adducts of urea with other metal salisjrtuse as solvents has been
limited to high temperature applicatiof®. Recent work®® showed that
mixtures of substituted quaternary ammonium saith @s choline chloride
with urea produce eutectics that are liquid at amibtemperature and have
unusual solvent properti@hen compared to most molecular solvents and
are more typical of the properties observed foridolquids. Choline
chloride-urea ionic liquids are highly conductimgnfirming that the ionic

species are dissociated in the liquid and can mependently.
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The viscosity and conductivity are strongffeeted by the amide and
quaternary ammonium salt and hence the fluid pteggecould be tailored
for specific applications®. The mixtures of amides with quaternary
ammonium salts form low melting point eutecticst thave unusual solvent
properties, additional advantages of this type oktume is that it is
sustainable, biodegradable and a large numberradnia can be produced

from readily available materials.

1.4 Polymers and ionic liquids:

lonic liquids have been incorporated in differerdlymers to obtain
electrolytes in the gel and membrane fofifor application in a variety of
electrochemical devices. The gels are freestandiexjble films composed
of an air-stable. The properties of the novel etdgte gels are strongly
dependent on the type of ionic liquid, the amouhtpolymer and the
preparation method usé&4.

The aim of the use of the ionic liquids withlypoers to produce leakage-
free flexible systems with good conductivity, gotnsparency, high
contrast and response time, ionic liquid polymerceblytes present high
interest for reliability and safety reasons: notatibty, non flammability,
relatively high ionic conductivity of the ionic liod, leakage-free devices
and enhanced the mechanical properties of the m@ulyfolymer gel
electrolytes containing hydrophilic and hydrophoioigic liquids have been
reported to possess high conductivity suitableafiplications®?.

lonic liquids being themselves ionic condustoan find applications in
various electrochemical devices and in this diggcion conducting polymer
electrolytes containing polymers and ionic liqupgpared in the film form

can be interesting electrolyté®”. The blending of ionic liquids with
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polymers may lead to the development of new mdse(ianic liquids may
act as plasticizers, electrolytes dispersed inmpelymatrices).

Due to their unique physical and chemical progg, ionic liquids have
many advantages when incorporated with polymergmadd some of these

advantages have been described as follow:

1.4.1 Thermal stability of polymeric gel:

Polymeric gel systems containing Magnesiunssalbtained high ionic
conductivity with mixed alkyl carbonates, ethylenarbonate (EC) and
dimethyl carbonate (DMC), as a plasticiz€f. However, those low
molecular weight organic plasticizers would cawesgosis troubles when the
gel will be applied to practical battery systems &tigher temperature range
than their boiling or flash points.

Recently, air- and water-stable organic idigjgids (also known as room
temperature molten salts) have been proposed agatatie polar media in
variety of electrochemical systems. Especially, madtention has been
directed to the combinations of imidazolium caticargl specific organic
anions ®?, Due to their unique characteristics of thermalbsity, non-
flammability and extremely high ionic conductivitye ionic liquids can be
used for polymeric gel electrolyte as not only tharge carrier but also the
plasticizer®®.

The differential scanning calorimeter DSCfipes of the polymeric gel
electrolyte did not give any peaks correspondinghe decomposition or
evaporation of the gel electrolyte components entdmperature range from
-150 to 30:C ®". Thus, M. Morita, T. Shirai and N. Yoshimoto., chrde
that the present polymeric gel electrolyte systemy {ethylene oxide)-
modified polymethacrylate (PEO-PMA) dissolving Ingt 3-
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methylimidazolium (trifluoromethyl sulphonyl) imidéEMITFSI) ionic

liquid is stable over a wide temperature range.

1.4.2 Polymerization in lonic liquids:

lonic liquids, as electrolytes, have also aafted the attention of
researchers in the fields of electrochemical polyragion and the synthesis
of conducting polymers. lonic liquids are used aslvents for
polymerization processes, and in several systemg ithdeed show some
advantages. In radical polymerization, ték; ratio (wherek, is the rate
constant of propagation arkgdis the rate constant of termination) is higher
than in organic media, and thus better controheffrocess can be achieved
(99).

It has been suggested that the decrease of kelated to the higher
viscosity of a solution in an ionic liquit®®. Less obvious is an explanation
of the effect of an ionic liquid on kp. For homogens radical
polymerization in an ionic liquid, thky/k; ratio seems to be considerably
higher than that in organic media (in the studiealsec of MMA
polymerization by more than 1 order of magnitudiéhcugh it has to be

confirmed that this phenomenon is of a generalreatu

There are several factors that stimulate th@i@dion of ionic liquids as

solvents for polymerization processes:

* lonic liquids are thermally stable and nonvolatied can be easily

recycled.
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» Because of their special solvent properties, newdgeneous or
heterogeneous polymerization systems may be des@lopnd the
course of polymerization may be favorably affected.

 Because of the large electrochemical window, they especially
suitable as reaction media for electrochemical (als¢ chemically

induced polymerization processes leading to conductingrmels.

lonic liquids may simply serve as thermallyldea neutral liquid reaction
media for polymerization processes. Thus, thgey act as moderators in
exothermic polymerization reactions. It has beeawshthat the thermal
polymerization of styrene and acrylonitrile in ioniquids provides safer
processes, reducing the exothermic activity andredstng product
decomposition that may be a source of toxic g&4%8s

In addition, the application of ionic liquids aolvents in atom transfer
radical polymerizations facilitates the separatbthe catalyst residue from
the polymer. Because of the good solubility of tegalyst in the ionic
liquid, the polymer can be easily extracted witbugtable solvent, whereas

essentially all the catalyst remains in the ioitaid phasé'®?.

1.4.3 Reduce humidification by lonic liquids:

[0}
Fuel cells which must be operated at @®r greater, with minimal

backpressure and low relative humidity, for stadignapplications, the

operating conditions requiring temperatures gretien 150C at extremely
low relative humidity; Thus, B. Pivovar, R. Gilbsonh, Y. Kim, B. Orler
approach to exploring this problem is to invesegétee’ proton-containing

ionic liquids, are based on imidazole cations aifd/dtogen phosphate
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(H,PQ) "or bisulfate (HSQ) “ anions capable of proton conduction (hopping

candidates). While these substances have theyatmliict as anhydrous
proton conductors, they may exhibit greatly incegasonductivity even at

relatively low relative humidity*®?.

1.4.4 1onicliquidsin polymer transducer:

lonic liquids have shown promise as replagemdor water in ionic
polymer transducers. lonic liquids are non-volatdead have a larger
electrochemical stability window than water and ighhinherent ionic
conductivity. Therefore, transducers employing eédiquids can be operated
for long periods of time in air and can be actuat&t higher voltages, thus
increasing the transducers energy density. Furthierntransducers based on
ionic liquids do not exhibit the characteristic kaelaxation that is common
with water-swollen materials. Water has severahdhgntages as a solvent
for ionic polymer transducers, however. First, wate volatile and will
quickly evaporate out of the membrane. This prdbilbhe use of these
devices for long periods of time in an air envir@mnh Water-swollen
transducers could also clearly not be used in spppkcations. Second, the
maximum voltage that can be applied to an ionicyer transducer is
determined by the electrochemical stability limit the solvent. For a

platinum electrode, electrolysis of water will oc@at a potential of 1.23 V.
(104)
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1.4.5lonic liquids as plasticizers:

One of the unique applications of ionic liguid as novel plasticizers, as
has been shown in a number of publicatit?s">® Considering the diverse
challenges associated with different traditionalsgitizers**®, ionic liquids
hold prospects as alternative plasticizers in thgidly growing plastic
industry.

Recently, the possible application of imidazoliumnic liquids as
plasticizers for poly methyl methacrylate and pwiyyl chloride has been
investigatedAs plasticizers, ionic liquids were initially fountd have better
compatibility with poly (methyl methacrylate) thadi-(2-ethylhexyl)-
phtalate’®>*%") |t was also found that they were capable of lingethe Tg
of PMMA much more thadi-(2-ethylhexyl)-phtalateloes, while improving
the high temperature stability of PMMA and also yding a wide
temperature range for flexible PMMA-based plastits'®” and the thermal
stability of the polymer can be improved considgrab comparison with
that of the most commonly used plasticizer, namaiif2-ethylhexyl)-
phtalate™®%") Due to the structural similarity of many ionic liga with
traditional phthalate and trimellitate plasticizerand also based on
preliminary results obtaine@®, ionic liquids have been proposed to be
potential plasticizers for PVQhe phthalates, trimellitates and ionic liquids
also share common aliphatic hydrocarbon segmenttheir structures.
Therefore, similar performances were expected witlc liquids in terms of
integrating with polymer chains and providing fletkty. Ammonium,
imidazolium and phosphonium cations were able tmlpce flexible PVC

films, as confirmed by the lowered Tg of PVC sarsffi&
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Encouraging results have also been obtainedPMC. lonic liquid
plasticizers have shown much less of a tendencletahing and excellent
migration resistance. This area of application aric¢ liquids has been
recently reviewed %1%

Mechanical test such as tensile tests on th& @dly(vinyl-alcohol)) and
Nafion membranes with varying amounts of the iohguid, 1-ethyl-3-
methylimidazolium dicyanamide [EMIM][N(CN)), show that the ionic
liquid acts as a plasticizer - modulus decreasbsewihe elongation to break
increases with increasing ionic liquid. Thermognaeiric analysis shows the
representative ionic liquid-polymer membranes aable above 20T and
scanning electron micrographs reveal phase separagtween the ionic
liquid and polymer. These results may provide intggnto the interactions
between ionic liquid and the host polymer, whichyra&l in the design of

new polyelectrolyte membran€s”.
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1.5 AIM OF THE WORK:

lonic liquids are growing materials and thexcellent properties such as
negligible vapor pressure, high degradation tenipega large
electrochemical windows and high ionic conductestimake them growing
widely. Although the research on using ionic licuid polymer system is
still in its infancy, several interesting possitids have already emerged that

attracted the attention of polymer chemists in megears.

In the last two decades, many scientists haudied the electrical
behavior of modified polymeric materiafé. These polymers are important
for modern technological applications. Thus, thespnt work is focused on
the effect of the addition of the ionic liquids Wwitifferent concentration as
conductive additives on the electrical propertie§olymethyl methacrylate

and polyvinyl chloride) thermoplastic insulatinglyoers.
The ionic liquids incorporated with those pognm are:
1- Choline dodecyl benzene sulfonate.
2- Ammonium dodecyl benzene sulfonate.
3- Choline chloride / Urea.
It is also intended to evaluate the effect of iolgeiids concentration and

elevating temperature on the electrical propedifabe prepared composites

polymers films.
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I
‘\
CHAPTER %9

Reglts & Diswission

3.1 Composite Materials:

Composite materials may be defined in genasathe combination of two
or more different materials. The purpose for malangiposites polymers is
to improve electrical and mechanical properties pblymers by
incorporating suitable fillers to polymer matrixcbuas: metals, organic and
inorganic salt§"*>.

There are some side effects due to introduftilegs like deterioration the
mechanical properties of polymers such as: flexuraldulus, tensile
properties, impact behavior and elongation, therat$ need to plasticizers
materials to enhance polymer flexibility are neededmmon problems with
plasticizers, however, include evaporation and dgakfrom the surface,
instability at high temperatures, lack of lubricatiat low temperatures,
migration within polymer and toxicit§°® %)

Recently, ionic liquids have been reported orease the electrical
conductivity of polymers with the improvement ogthplasticity ®* % )
The newly prepared room temperature ionic liquitishmline chloride/urea
which is a liquid at room temperature with conduetproperties though to
improve the conductivity of polymers and would aés@ected to improve
polymer plasticity like other ionic liquid$*. In addition to this new ionic
liquids, a newly prepared ionic liquids based odetyl benzene sulfonate
it's also used in an attempt to improve electranadl elastic properties of

PMMA and PVC.
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3.2 D.C Electrical properties of PMMA-Choline dodecyl

benzene Sulfonate Composite:

The D.C electrical resistivityp) and the electrical conductivity) were
determined by adopting equations (1.3) and (1tdis benerally accepted
that both the contents of added ionic liquids ardpgerature greatly affect

on the D.C electrical conductivity characteristégolymers™®.

The measured values and these calculated vafigssistivities and
corresponding conductivities for PMMA film alonecacomposites films of
PMMA with 10 and 20% choline dodecyl benzene siwdtenare shown in
Tables (3.1), (3.2) and (3.3) respectively.

Table (3.1):- Values of measured resistance and calculated resistivities,
conductivities, Ine and 1000/T at various temperatures, for polymethyl

methacrylate film.

Temperature | 1000/T| R*10° p *10° o *10"

K K Ohm Ohm.cm | S.cm® Lno
303 3.30 700 1177470 0.85 -25.4p
313 3.19 640 1076544 0.93 -25.4p
323 3.09 580 975618 1.02 -25.3
333 3.00 520 874691 1.14 -25.19
343 2.91 460 773766 1.29 -25.07
353 2.83 400 672840 1.49 -24.98
363 2.75 330 555093 1.80 2474
373 2.68 210 353241 2.83 -24.29
383 2.61 100 168210 5.94 -23.56
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Table (3.2):- Values of measured resistance and calculated resistivities,

Conductivities, Ine and 1000/T at variable temperatures, for PMMA

with 10% choline dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p*10° o *10"

K K Ohm Ohm.cm | S.cm® Lno
303 3.30 170 285957 3.5 -24.08
313 3.19 148 248950.9 4.02 -23.94
323 3.09 122 205216.7 4.87 -23.74
333 3.00 99 166527.9 6.01 -23.54
343 2.91 86 144660.6 6.91 -23.4p
353 2.83 75 126157.5 7.93 -23.2p
363 2.75 57 95879.7 10.4 -22.98
373 2.68 42 70648.2 14.1 -22.68
383 2.61 30 50463.0 19.8 -22.34

Table (3.3):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at variable temperatures, for PMMA

with 20% choline dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p *107 o *10™
K K1 Ohm Ohm. cm S.cm* Lno
303 3.30 50 84105 11.9 -22.8%
313 3.19 43 72330.3 13.8 -22.7D
323 3.09 36 60555.6 16.5 -22.5p
333 3.00 29 48780.9 20.5 -22.31
343 2.91 19 31959.9 31.3 -21.88
353 2.83 11.5 19344.15 51.7 -21.38
363 2.75 9 15138.9 66.1 -21.14
373 2.68 6.8 11438.28 87.4 -20.8p
383 2.61 5 8410.5 100 -20.5%
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Fig. (3.1) shows the variation of the D.C eleetirconductivity for PMMA
alone and composite with 10 and 20 Wt% of cholimeletyl benzene
sulfonate with various temperature.

The Fig. shows that the D.C electrical conduistiglearly increased with
increasing the added weight of ionic liquid to PMMAd that the increase
in the conductivity for the samples of high contehionic liquid is about
two orders of magnitude as compared with the cotindtycof neat PMMA
film (see Tables (3.1) and (3.3)). The electricahductivity could also be
increased as a result of increasing of ionic cha@eiers which can be
increased due to increasing ionic liquid contént **) There are in
agreement with the observed decrease in resistastbeincreasing the

amount of added ionic liquids as shown in Fig. 3.1

120 -
—e— PMMA

100 1 = PMMA + 10% IL

——PMMA + 20% IL

[e]
o
L

Conductivity *E11
[2]
o

20 ~

300 310 320 330 340 350 360 370 380 390
T (K)

Figure (3.1):- Variation of D.C electrical conductivity for PMMA-
choline dodecyl benzene sulfonate composites with temperature.
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Fig. (3.1) also indicates that the conductegtare directly proportion to
temperature. The conductivity was found to haveoalndentical range of
increased values to these of either PMMA alonecamdposite with both 10
and 20% of choline dodecyl benzene sulfonate ibgwads. This behavior
can be related to the increasing of the ionic obargrriers as well as
increasing of polymer segmental motion as a resflt increasing
temperature for the amorphous polymer in a behasimilar to that of
semiconductors materidfg® ")

From these results, it could be said that tifierdnce in the extent to
which the conductivities are affected by the terapee can be attributed to
the difference in the chain length since the chargesfer in the polymer
chain was shown to be easier than in simple madscihlis is in contrast to
the behavior of conductivity in metals when inciegsthe temperature
gradually decrease the conductivity due to theatibn and impingements

take place between electrdh.

Activation energy (E,.):- The activation energy is defined as the amount of

energy required to make an electron excitement filoenvalance band to
conduction band. The relationship between condiigtiand activation

energy is inversely one.

To find the activation energy for the D.C détmal conductivity

Arrhenius equation [equation (1.5)] has been used.
[In 6 =Ino, - 1/T * E,/B] *1000/1000

In o, negligible
(In o) was plotted as the [Y axis] and (1000 / H)Kas the [X axis]
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Therefore:

Slope = E./B*10°

B = 8.62*10° eV/K
E.= slope *8.62*10

Fig. (3.2) show the plot ofdragainst the corresponding 1000/T values.
The Fig. indicates that PMMA alone has high actoratenergy value, as
given in Table (3.4), while the film of 10% and 20€aoline dodecyl
benzene sulfonate content have low activation gneafues. This behavior
can be attributed to the thermal movement of tims iand the molecules of
polymer alone, whereas the low activation energlpes for the films
containing of the ionic liquid can be related te tiffusion of the ionic
liquid particles in polymer matrix, the activatienergy more decreased with
20 wt % ionic liquid content due to decrease of distance between the
ionic liquid particles. Higher ionic liquid conceation would enhance

shorter distance between ionic liquid particles.

The Tg play the important role in determinatibe slope for calculate the
E.. the curve was non linear [due to amorphous ndrdghe polymers
were used] and have three transfer regions; belor@ugh and after Tg, we
take the slope after Tg for the points have onealiity to determine the

lowest E.value due to high temperature and higher condugtivi

The conductivity of PMMA alone highly increasabove Tg due to
transfer the polymer from the glassy to rubberestis the rubbery state the
polymer chains being easy in movement and the mldemn fresher.
Therefore, transitions of the charge carriers becweeny easy. This behavior

can leads to increasing in conductivity after Tg.
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The Tg decreased when the system (polymer matoxfains the ionic
liquids. This suggests explained by; the interactietween the polymer
matrix and ionic liquid is weak. In other words e crystallization of the
repeated polymer units would be debilitated by theeraction of the
repeated polymer units with ions consists of iolwids ®®. Therefore,
ionic liquids would act as electrolytes and plazécs by decreasing the Tg.
This is, however, was observed as the plasticityhef polymer increased

when ionic liquid was composite with the polymeasless to the manual.

1000/ T (K)
2.5 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4

-20 1 1 1 1 1 1 1 1 1

—e— PMMA
—s— PMMA+10% IL
—a— PMMA+20% IL

-21 4
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24
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Figure (3.2):- Variation of In D.C electrical conductivity with reciprocal

absolute temperature for PMMA-choline dodecyl benzene sulfonate

composite.
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Table (3.4):- Values of dope and D.C activation energy for PMMA-

Choline dodecyl benzene sulfonate composite.

Choline dodecyl Temperature
benzene sulfonate % Slope | Eqc (€V) range

0% 8.500 | 0.733 363-383 K

10% 4.182 0.361 353-383 K

20% 3.773 0.325 353-383 K

3.3 D.C Electrical properties of PMMA-Ammonium

dodecyl benzene Sulfonate Composite:

Table (3.5):- Values of measured resistance and calculated resistivities,
conductivities, Ine and 1000/T at various temperatures, for PMMA with

10% ammonium dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p *107 o *10™
K K Ohm Ohm.cm | S.cm? Lno
303 3.30 130 218673 4,57 -23.81
313 3.19 115 193441.5 5.17 -23.6p
323 3.09 99 166527.9 6.01 -23.5B
333 3.00 81 136250.1 7.34 -23.3B
343 2.91 66 111018.6 9.01 -23.1B
353 2.83 60 100926 9.91 -23.03
363 2.75 46 77376.6 12.9 -22.77
373 2.68 35 58873.5 17.0 -22.50
383 2.61 25 42052.5 23.8 -22.16
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Table (3.6):- Values of measured resistance and calculated resistivities,
conductivities, Ine and 1000/T at various temper atures, for PMMA with

20% ammonium dodecyl benzene sulfonate.

Temperature [ 1000/T| R*10° p *10° o *10"

K K Ohm Ohm. cm S.cm® Lno
303 3.30 40 67284 14.9 -22.6B
313 3.19 32 53827.2 18.6 -22.401
323 3.09 24 40370.4 24.8 -22.1p
333 3.00 17 28595.7 35.0 2177
343 2.91 11.5 19344.15 51.7 -21.38
353 2.83 8 13456.8 74.3 -21.0p
363 2.75 6.6 11101.86 90.1 -20.83
373 2.68 5.2 8746.92 100 -20.99
383 2.61 4 6728.4 101 -20.38

The variation of D.C electrical conductivitytivitemperature at different
ionic liquid content is shown in Fig. (3.3). Theykre shows the dependence
of D.C electrical conductivity on ammonium dode®gnzene sulfonate
concentration, the conductivity increase with iasiag ionic liquid content.

Fig. (3.3) also indicates that the conductdgtiwere increased with
increasing the temperature. The dependence of Bdlrieal conductivity of
PMMA alone and its composites on temperature irdecan Fig. (3.4).

The relation of Irs against the reciprocal absolute temperature isvsho
in Fig. (3.4), from this Fig. we can calculate Hativation energy which has
been listed in Table (3.7), the,,Edecrease with increasing ammonium
dodecyl benzene sulfonate ionic liquid content. Thigh E. can be
attributed to the thermal movement of the ions #edmolecules, whereas
the low E. values for the films containing of ammonium doddmynzene
sulfonate resulted from the diffusion the ionic uiidj particles then
decreasing of the distance between the ionic |gyddrticles in polymer

matrix.
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Figure (3.3):- Variation of D.C electrical conductivity for PMMA-

ammonium dodecyl benzene sulfonate composite with temperature.
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Figure (3.4):- Variation of In D.C electrical conductivity with reciprocal

absolute temperature for PMMA-ammonium dodecyl benzene sulfonate

composite.
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Table (3.7):- Values of dope and D.C activation energy for PMMA-

Ammonium dodecyl benzene sulfonate composites.

Ammonium dodecyl Temperature

benzene sulfonate % Slope | Eac (€V) range
0% 8.500 | 0.733 363-383 K
10% 3.954 0.341 353-383 K
20% 3.136 0.270 353-383 K

PMMA with both choline dodecyl benzene sulf@eand ammonium
dodecyl benzene sulfonate ionic liquids compodites exhibits clear view
under the microscope lens and not show any recedrparticles, it showed
a photograph similar to that of the film of PMMAoak as in Fig. (3.7 [a]).
These ionic liquids do not show net of electrolyéeticles on the surface of
polymer film, this apparent behavior pointing taththe choline dodecyl
benzene sulfonate and ammonium dodecyl benzenenstéf materials are
completely immiscible with PMMA (i.e. they are commds probably
dissolved and accommodated in the voids of therpefymatrix and do not
migrates to the surface of the polymer film duebatdy some strong

interaction with the polymer.

59



Chapter 3: Results & Discussion

3.4 D.C Electrical properties of PMMA-Choline chloride/

Urea Composite:

Table (3.8):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at various temperatures, for PMMA with

10% cholinechloride/ urea.

Temperature | 1000/T| R*10° p *107 o *10™
K K*! Ohm Ohm. cm S.cm? Lno
303 3.30 59.4 99916.74 10.1 -23.0p
313 3.19 44 74012.4 13.5 -22.7P
323 3.09 28 47098.8 21.2 -22.2Y
333 3.00 19 31959.9 31.3 -21.88
343 2.91 12 20185.2 49.5 -21.4p
353 2.83 7.8 13120.38 76.2 -20.9p
363 2.75 6.3 10597.23 94.4 -20.7B
373 2.68 4.9 8242.29 100 -20.58
383 2.61 4 6728.4 102 -20.33

Table (3.9):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at various temperatures, for PMMA

with20% cholin chloride/ urea.

Temperature | 1000/T| R*10° p*10° o *10"
K K* Ohm Ohm.cm | S.cm® Lno
303 3.30 20 33642 29.7 -21.94
313 3.19 12 20185.2 49.5 -21.4p
323 3.09 6 10092.6 99.1 -20.78
333 3.00 3.7 6223.77 100 -20.2p
343 2.91 2.3 3868.83 200 -19.7)
353 2.83 1.50 2523.15 300 -19.3p
363 2.75 1.25 2102.625 400 -19.16
373 2.68 1.05 1766.205 500 -18.99
383 2.61 0.9 1513.89 600 -18.8B
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The D.C electrical conductivity of PMMA-cholinehloride/urea ionic
liquid composites as a function of temperature,sla@wvn in Fig. (3.5). The
Figure shows that when ionic liquids content ineeedhe conductivity
increased as a result of the increase charge gengmlymer matrix. This
Figure indicate too that the conductivity increas#h increasing the
temperature, the Figure shows that for all sampfemero, 10 and 20 wt %
choline chloride / urea ionic liquid content thendactivity is increased with

Increasing temperature.

The relation of Irs against the reciprocal absolute temperature isvsho
in Fig. (3.6). From this Figure we can calculate sfope then the activation
energy by Arrhinus equation, this figure indicateat the neat PMMA
sample has high activation energy value, see T@&hl®), while the films of
10 and 20 wt % cholin chloride / urea content l@ag &ctivation energy
values. This behavior can be attributed to thentaémovement of ions and
molecules, the low Evalues for the films of containing ionic liquidrcée
attributed to the net formation from ionic liquicnticles in the polymer
matrix then decreasing of the distance betweeinthie liquid particles due

to increasing ionic liquid content as have beemcited in Fig. (3.7).
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Figure (3.5):- Variation of D.C electrical conductivity for PMMA-
choline chloride/ urea composite with temperature.

1000 / T (K)
2.5 2.6 2.7 2.8 2.9 3 3.1 32 3.3 3.4

-18 1 1 1 1 1 1 1 1 1

—e— PMMA
—a— PMMA+10% IL
—— PMMA+20% IL

N
[
1

Ln Conductivity
. 0 ; .
N

-25 4

-26 4

Figure (3.6):- Variation of In D.C electrical conductivity with reciprocal

absolute temperature for PMM A-choline chloride/ urea composite.
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Table (3.10):- Values of slope and D.C activation energy for PMMA-

Cholinechloride/ ureaionic liquid composite.

Choline ch(l)/(zri de/ urea Slope | E.. (eV) Terrrlgﬁrgaeture
0% 8.500 | 0.733 363-383 K
10% 3.000 | 0.259 353-383 K
20% 2.364 | 0.204 353-383 K

The increment in the D.C electrical conducyiwialues of PMMA-choline
chloride/urea composites is ascribed to the regements of the electrolyte
particles through out the polymer matrix as indedatFig. (3.7).

choline chloride/urea may have limited solipiland/or compatibility
with the polymer because of that some of cholinerate/urea migrates to
the surface of the polymer a phenomenon known wh# ionic liquid
antistatic additive. It's migrated to the surfateaymer film forming net of
choline chloride/urea particles which are randordigtributed on the
polymer surface and connected to each other.

Fig. (3.7 [b] And [c]) showed the effect of increas the content of ionic
liquid as when the amount of added ionic liquidr@ased from 10 to 20 wt
% the migrated particles increased on the surfa¢dMA film (compare

Fig. (3.7 [b] And [c]). Such net interaction woudchse the dissipation of
charges from the surface of the polymer film. Tlhewe approach which
described the dependence of the electrical condtyctin the rearrangement

of the filler particles is similar to that observiegl other worker§™,
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'y

Figure (3.7):- Photomicrographs (x40) for (a) pure PMA, () th 10

wt % and (c¢) with 20 wt % of choline chloride / urea ionic liquid
respectively.
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Fig. (3.8 And 3.9) show the activation energy PMMA alone in
comparison with added wt % of ionic liquids. Thdsgures showed the
same trend of decreasing activation energy whesethenic liquids were
added to PMMA, the activation energy highly redgcfrom PMMA alone
[see Tables (3.4), (3.7) and (3.10)], although wioainc liquids were added
in twice the amount of the wt. in 10 and 20%, dat show a similar
reduction in activation energy. These reductioramfrl0 % to 20 %
illustrated in these Tables. However the activaoergy, it for example
Figures (3.8 or 3.9) was taken, showed a gradueledse when choline
dodecyl benzene sulfonai€h/Sulf), ammonium dodecyl benzene sulfonate
(NH4/sulf) and choline chloride / ure@hCl/Ur) were used. The lowest
activation energy found with choline chloride /aimay be attributed to not
only the net formation on the surface but may be tualso the dissolved
ionic liquid by the polymer or even to the diffeceis between their ionic
conductivity in their pure state.

Additionally ionic liquids materials may resuit a decrease of the Tg
value of polymers which lead to increase segmentdlility i.e. increasing
conductivity resulted in low activation energy. Thariation in the
activation energy of D.C electrical conductanceidmic liquids in PMMA
may also be attributed to the presence of chlomhes (CI) in choline
chloride and high electrons density by nitrogenmat@and oxygen in urea
enhance the electrical conductivity of the PMMA-khe chloride/urea

composites.
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Figure (3.8):- Variations of the D.C activation energy of PMMA alone
and with added 10% (Ch/Sulf), (NH4/Sulf) and (ChCI/Ur) respectively.

0.8~
0.7+
0.6

0.5

Eac eV %47

Ch/Sulf NH4/Sulf ChCl/Ur

Figure (3.9):- Variation of the D.C activation energy of PMMA alone
and with added 20% (Ch/Sulf), (NH4/Sulf) and (ChCI/Ur) respectively.
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3.5 D.C Electrical properties of PVC-Choline dodecyl

benzene Sulfonate Composite:

Table (3.11):- Values of measured resistance and calculated resistivities,

conductivities, Inec and 1000/T at various temperatures, for polyvinyl

chloridefilm.
Temperature | 1000/T| R*10° p *107 o *10™
K K Ohm Ohm. cm S.cm? Lno
303 3.30 500 841050 1.19 -25.1p
313 3.19 470 790587 1.26 -25.0P
323 3.09 440 740124 1.35 -25.0B
333 3.00 410 689661 1.45 -24.9p
343 2.91 380 639198 1.56 -24.8B
353 2.83 180 302778 3.3 -24.1B
363 2.75 140 235494 4.25 -23.8B
373 2.68 105 176620.5 5.66 -23.99
383 2.61 70 117747 8.49 -23.1p

Table (3.12):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at various temperatures, for PVC with

10% choline dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p *107 o *10™
K K Ohm Ohm. cm S.cm? Lno
303 3.30 90 151389 6.61 -23.4
313 3.19 76 127839.6 7.82 -23.2
323 3.09 66 111018.6 9.01 -23.1
333 3.00 54 90833.4 11 -22.9
343 2.91 46 77376.6 12.9 -22.7
353 2.83 41 68966.1 14.5 -22.6
363 2.75 33 55509.3 18 -22.44
373 2.68 26 43734.6 22.9 -22.2
383 2.61 20 33642 29.7 -21.9
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Table (3.13):- Values of measured resistance and calculated resistivities,
conductivities, Ine and 1000/T at various temperatures, for PVC with

20% choline dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p*10° o *10"

K K Ohm Ohm. cm S.cm® Lno
303 3.30 40 67284 14.9 -22.6B
313 3.19 30 50463 19.8 -22.34
323 3.09 21 35324.1 28.3 -21.9B
333 3.00 17 28595.7 35 -21.7f
343 2.91 14 23549.4 42.5 -21.5B
353 2.83 9.5 15979.95 62.6 -21.19
363 2.75 7.8 13120.38 76.2 -20.99
373 2.68 6.3 10597.23 94.4 -20.78
383 2.61 5 8410.5 100 -20.5%

The D.C electrical conductivity of alone polgyi chloride film and
composite with choline dodecyl benzene sulfonate aasunction of
temperature are shown in Fig. (3.10), the eledtrimanductivity for
polyvinyl chloride is increased with ionic liquiddditive concentration is
increased as a result of the increase charge iamensity in polymer
matrix. The variation of D.C electrical conductyiior polyvinyl chloride-
choline dodecyl benzene sulfonate ionic liquid cosifes of different ionic
liguid concentration with temperature indicates kig. (3.10) too, the
conductivity for all the samples of zero, 10 andv20% choline dodecyl
benzene sulfonate ionic liquid content is increaseth increasing the

temperature in behavior similar to that of semiaartdr materials.
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Figure (3.10):- Variation of D.C electrical conductivity for PVC-choline

dodecyl benzene sulfonate composite with temperature.
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Figure (3.11):- Variation of In D.C electrical conductivity with
reciprocal absolute temperature for PVC-choline dodecyl benzene

sulfonate composite.
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Fig. (3.11) shows the plot ofdragainst the corresponding 1000/T values,
this figure indicates that pure PVC sample has higfivation energy value,
Table (3.14), while the films of 10 and 20% cholidedecyl benzene
sulfonate ionic liquid content have low activati@mergy values. This
behavior can be attributed to the thermal movernémins and molecules,
the low activation energy values can be relatethegpresent of ionic liquid
particles in the polymer matrix then decreasinthefdistance between these

particles due to increasing of the ionic liquid t=ot.

Table (3.14):- Value of dslope and D.C activation energy for PVC-

Choline dodecyl benzene sulfonate ionic liquid composite.

Choline dodecyl Temperature
benzene sulfonate % Slope | Exc (€V) range
0% 4.046 0.349 353-383 K
10% 3.227 0.278 353-383 K
20% 2.909 0.251 353-383 K
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3.6 D.C Electrical properties of PVC-Ammonium dodecyl

benzene Sulfonate Composite:

Table (3.15):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at variable temperatures, for PVC with

10% ammonium dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p *10° o *10"

K K Ohm Ohm. cm S.cm® Lno
303 3.30 60 100926 9.91 -23.0
313 3.19 48 80740.8 12.4 -22.8
323 3.09 38 63919.8 15.6 -22.5
333 3.00 29 48780.9 20.5 -22.3
343 2.91 26 43734.6 22.9 -22.2
353 2.83 24 40370.4 24.8 -22.1
363 2.75 20 33642.0 29.7 -21.9
373 2.68 16 26913.6 37.2 -21.7
383 2.61 13 21867.3 45.7 -21.5

P BN OFF Ok W

Table (3.16):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at variable temperatures, for PVC with

20% ammonium dodecyl benzene sulfonate.

Temperature | 1000/T| R*10° p*10° o *10"

K K Ohm Ohm. cm S.cm® Lno
303 3.30 30 50463 19.8 -22.34
313 3.19 25 42052.5 23.8 -22.1p
323 3.09 21 35324.1 28.3 -21.9B
333 3.00 17 28595.7 35 -21.7f
343 2.91 12 20185.2 49.5 -21.4B
353 2.83 8.6 14466.06 69.1 -21.09
363 2.75 7.3 12279.33 81.4 -20.98
373 2.68 6.1 10260.81 97.5 -20.75
383 2.61 5 8410.5 100 -20.5%

71



Chapter 3: Results & Discussion

Fig. (3.12) shows the dependence of D.C electrmahductivity on
temperature at different ionic liquid content; tHgure shows the
conductivity increase with increasing ammonium aytibenzene sulfonate

ionic liquid content.

The Fig. so shows that the conductivity inceeagth increasing the

temperature for all the samples of zero, 10 andt2% from ionic liquid.

The relation of I against the reciprocal absolute temperature isvsho
in Fig. (3.13), from this Fig. we can calculate #givation energy. Which
have been listed in Table (3.17), the. Elecrease with addition of

ammonium dodecyl benzene sulfonate ionic liquid.

Both choline dodecyl benzene sulfonate and amumoilodecyl benzene
sulfonate ionic liquids with PVC composites in efincentrations exhibits
clear view (similar to that of the pure PVC samipld-ig. (3.16 [a]). Under
the microscope lens and not show any recognizedmethis is pointing to
completely immiscible between this ionic liquidsdgmlymer matrix (PVC)
due to some strong interaction with the polymer dachot a migration of

added ionic liquids as observed for choline chietidea ionic liquid.

72



Chapter 3: Results & Discussion

100 -

%01 —e—PVC

80
—a—PVC + 10% IL

70 -
—a—PVC + 20% IL
60 4
50 4
40 A

30 A

Conductivity *E11

300 310 320 330 340 350 360 370 380 390
T (K)

Figure (3.12):- Variation of D.C electrical conductivity for PVC-

ammonium dodecyl benzene sulfonate composite with temperature.
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Figure (3.13):- Variation of In D.C electrical conductivity with
reciprocal absolute temperature for PVC-ammonium dodecyl benzene

sulfonate composite.
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Table (3.17):- Values of slope and D.C activation energy for PVC-

Ammonium dodecyl benzene sulfonateionic liquid composite.

Ammonium dodecyl Temperature

benzene sulfonate % Slope | Eqc (€V) range
0% 4.046 0.349 353-383 K
10% 2.773 0.239 353-383 K
20% 2.454 0.211 353-383 K

3.7 D.C Electrical properties of PVC-Choline chloride /

Urea Composite:

Table (3.18):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at variable temperatures, for PVC with

10% cholinechloride/ urea.

Temperature [ 1000/T| R*10° p *10° o *10"

K K? Ohm Ohm. cm S.cm® Lno
303 3.30 25 42052.5 23.8 -22.1p
313 3.19 18 30277.8 33 -21.8B
323 3.09 13 21867.3 45.7 -21.5[
333 3.00 8 13456.8 74.3 -21.0p
343 2.91 4.7 7905.87 100 -20.4P
353 2.83 3.35 5635.035 102 -20.14
363 2.75 2.85 4793.985 200 -19.99
373 2.68 2.4 4037.04 201 -19.8p
383 2.61 2 3364.2 203 -19.63
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Table (3.19):- Values of measured resistance and calculated resistivities,

conductivities, Ine and 1000/T at variable temperatures, for PVC with

20% cholinechloride/ urea.

Temperature [ 1000/T| R*10° p *10° o *10"

K K? Ohm Ohm. cm S.cm® Lno
303 3.30 8.5 14297.8% 69.9 -21.Q8
313 3.19 5.2 8746.92 100 -20.59¢
323 3.09 3.2 5382.72 102 -20.1p
333 3.00 2.2 3700.62 200 -19.7B
343 2.91 1.55 2607.255 300 -19.38
353 2.83 0.9 1513.89 600 -18.8B
363 2.75 0.8 1345.68 700 -18.7p
373 2.68 0.7 1177.47 800 -18.58
383 2.61 0.6 1009.26 900 -18.48

The variations of D.C electrical conductivity a function temperature at
different ionic liquid content are shown in Fig.X3), the conductivity starts
to increase when ionic liquid concentration inceedhe Fig. so shown that
the conductivity increase with increasing tempeartu

The relation of Ins against the reciprocal absolute temperature isvsho
in Fig. (3.15). From this Figure we can calculdue &ctivation energy values
which have been listed in Table (3.20), the aciiwaenergy decrease with
increasing choline chloride / urea ionic liquid temts. The high £ value
can be attributed to the thermal movement of thms iand the molecules,
whereas the low Evalues for the films containing of choline chloriderea
ionic liquid can be attributed to the diffusiontbe ionic liquid particles in
the polymer matrix then decreasing of the distameteveen these particles
due to increasing of the ionic liquid contents asenbeen indicated in Fig.
(3.16).
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Figure (3.14):- Variation of D.C electrical conductivity for PVC-choline

chloride/ urea composite with temperature.

The increment in the D.C electrical conductiwgiues of PVC-choline
chloride/urea composites is ascribed to the regemaents of the electrolyte
particles through out the polymer matrix as incdedatFig. (3.16).

choline chloride/urea material migrate to thefae of the polymer (i.e.
they are materials have limited solubility in pogmnmatrix). It's migrated to
the surface of polymer film forming net of cholickloride/urea particles
which are randomly distributed on the polymer stefaFig. (3.16 [b] and
[c]) showed the effect of increasing the conteniooic liquid as when the
amount of added ionic liquid increased from 10 @bva % the migrated
particles increased on the surface of PVC film (pare Fig. (3.16 [b] and
[c]) such net interaction would ease the dissipatd charges from the
surface of the polymer film. This observation isclreported by other
workers™¥),
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Figure (3.15):- Variation of In D.C electrical conductivity with
reciprocal absolute temperature for PVC-choline chloride / urea

composite.

Table (3.20):- Values of slope and D.C activation energy for PVC-

Cholinechloride/ urea composite.

Choline ch(l)/(zri de/urea Slope | E.. (eV) Terrrlgﬁrgaeture
0% 4.046 0.349 353-383 K
10% 2.318 0.200 353-383 K
20% 1.818 0.157 353-383 K
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Figure(3.6):- Photrographs (x40) for (a) pure PVC, (b) with 10 wt
% and (c) with 20 wt % of choline chloride / urea ionic liquid

respectively.
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Figures (3.17 and 3.18) show the activationrggndor PVC alone in
comparison with added wt % of ionic liquids. Thdsgures showed the
same trend of decreasing activation energy whesethenic liquids were
added to PVC, the activation energy highly redudnogn PVC alone [see
Tables (3.14), (3.17) and (3.20)], although whemadiquids were added in
twice the amount of the wt. in 10 and 20%, did stwdw a similar reduction
in activation energy. These reductions from 10 %2® % illustrated in
Table (3.10). However, the activation energy itégample Figures (3.17 or
3.18) was taken, showed a gradual decrease whdinelimdecyl benzene
sulfonate, ammonium dodecyl benzene sulfonate hotine chloride / urea
were used. the lowest activation energy found witbline chloride / urea
may be attributed to not only the net formationtbe surface but may be
due to also the dissolved ionic liquid by the podynor even to the
differences between their ionic conductivity inithure state.

Additionally ionic liquids materials may resuit a decrease of the Tg
value of polymers which lead to increase segmentdlility i.e. increasing
conductivity resulted in low activation energy. Thariation in the
activation energy of D.C electrical conductance ifaric liquids in PVC
may also be attributed to the presence of chlomhs (CI) in choline
chloride and high electrons density by nitrogenmatand oxygen in urea
enhance the electrical conductivity of the PVC-ail chloride/urea

composites.
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Figure (3.17):- Variation of the D.C activation energy of PVC alone and
with added 10% (Ch/Sulf), (NH4/Sulf) and (ChCI/Ur) respectively.
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Figure (3.18):- Variation of the D.C activation energy of PVC alone and
with added 20% (Ch/Sulf), (NH4/Sulf) and (ChCI/Ur) respectively.
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Table (3.21) show the activation energy valieedoth PVC and PMMA
polymers in pure and composites with ionic liquitise Table indicated that
the values of activation energy for PVC were lowleiiean PMMA values in
pure state (about 50% < PMMA) and composites sfabout 75% <
PMMA).

Table (3.21):- Values of D.C activation energy for the pure and
composites both PVC and PMMA.

_ Activation energy | Activation energy
Composite polymer
h (eV) of PVC+% of | (eV) of PMMA+%
wit
added materials | of added materials
Polymer alone 0.349 0.733
Choline dodecy! 10% 0.278 10% 0.361
benzene sulfonate 20% 0.251 20% 0.325
Ammonium dodecy| 10% 0.239 10% 0.341
benzene sulfonate 20% 0.211 20% 0.270
Choline chloride/ 10% 0.200 10% 0.259
urea 20% 0.157 20% 0.204

These differences may be attributed to eitherdinet glass transition
temperature of PVC than that of PMMA (comparé®@@vith 105°C). This
would imply that the mobility of PVC chains is mdban that of PMMA
chains. As a consequence, the segmental motidred?V¥C polymer would

be easier than PMMA segments.
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In addition, PVC considered a polar polymer dudh® presence of C-ClI
dipole in comparison with PMMA monomer which temdbe nonpolar due
to having two methyl groups lead to make PMMA mioterstitial hindering
than PVC chains (hinders in particles transfer rmyrelectric current)
therefore PVC posses higher ionic conductivity tHRMMA despite of
present the oxygen atoms in the PMMA monomer.

For all the samples we have determinéémperature Coefficient

resistance (a) value by plotting between R and T; See Fig. (3.19 And
3.20) by using the following equation:

R=Ro+RoaT (K)

When:

R; corresponding Y axis, which is the resistanckias for each sample
measured from 303-383 K

T (K); corresponding X axis

Ro = the intercept which is resistance a€0

Slope = Ran

The values of determine Ro and slope (from the ey linear square
method) and calculated were listed in Table (3.22). From this Table we
have concluded that the Ro values decrease witbasmg the added weight
of ionic liquid due to the electrical behavior bktionic liquids materials as

conductive additives.
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Table (3.22): Values of slope, Ro and a for all the samples were

prepared in thiswork.

Samples Slope Ro a*10°
PMMA 7.1833 2901.7 2.47

PMMA + 10% Ch/Sul 1.7200 682.07 2.52
PMMA + 20% Ch/Su 0.6002 229.11 2.62
PMMA + 10% NH4/Ul 1.3117 522.9 251
PMMA + 20% NH4/Ul 0.447 169.8 2.63
PMMA + 10% ChCI/Ur 0.6558 24555 2.67
PMMA + 20% ChCI/Ur 0.2016 74554 2.70
PVC 6.075 2383.2 2.55

PVC + 10% Ch/ul 0.8483 341.2 2.49
PVC + 20% Ch/Sul 0.4083 156.79 2.60
PVC + 10% NH4/SUI 0.5417 216.24 2.50
PVC + 20% NH4/Ul 0.3208 124.71 2.57
PVC + 10% ChCI/Ur 0.2729 102.42 2.66
PVC + 20% ChCl/Ur 0.0853 31.897 2.67
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Fig. (3.19): Variation resistance
Against temperaturefor PMMA

Fig. (3.20): Variation resistance

Against temperaturefor PVC
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3.8 General Conclusions:

Polymers composites films were prepared for RNMMA and PVC when
they contained 10 and 20 wt % of ionic materialsege films showed an
increase in conductivity with added ionic materiatg increasing
temperature. As consequences, the activation esengere found to be

smaller in composite films than in pure polymers.

The electrical conductivities of composite filimsve been found to depend

on the type of ionic materials used and found tlo¥othe sequence:

choline chloride/urea > ammonium/sulfonate > chebalfonate.

Although the conductivity of PVC was larger titae PMMA either alone
or composite, but the conductivity of PMMA was ieased by two order of

magnitude while in PVC only increased by one oafanagnitude.
In general, flexibility of composites film wasnproved when ionic

materials were used with the polymers and the ccindty transferred the

polymers from insulators into antistatic polymers.
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3.9 Suqggestion for the Future work:

The improvement of incorporating ionic materialghwPMMA and PVC

polymers encourage further studies such as:

1- Investigation the effect of there ionic materialghwother polymers
such as polyethylene oxide, polypropylene oxide polgvinylidene

fluoride.
2- Investigation the addition of other salt materiatls as lithium salts in
addition of ionic liquids in an attempt to enhartbe conductivity

further.

3- Studying the mechanical properties of compositeenas (polymer-

ionic liquid).
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CHAPTER

it ui?l it

2.1 Chemicals:

The chemical materials used in this work were disteTable (2.1)

Table (2.1):- Chemical materials used in thiswork and its sour ces

Materials Supplier Source Purity %
PMMA Penturem Company (Germany) 99.99
PVC Petkim Company (Turkey) 98.99
Tetrahydrofurane Thomas beaker (India) 99.95
Choline chloride Merck 99.00
Urea BDH 99.00
Potassium hydroxide BDH 99.00
Ammonium chloride BDH 99.98
Dodecyl benzene The general company for 98.00
sulfonic acid vegetable oils, production (lraq)
DMSO Fluka 99.00
Ethanol Fluka 99.90
Chloroform Fluka 98.99
Acetonitril BDH 99.00
Aluminum wires Balzer company 99.99
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2.2 lonic liguids preparation:

Three types of ionic liquids were implementadthis study to improve
the conductivity of PMMA and PVC polymers. They weholine chloride /
urea of 1:2 mole ratio and was prepared as stateibbott ®®, when the
mixture was heated to 8C liquid state of the mixture was achieved. under
cooled down to room temperature it was still ligh@ving a freezing point
of 12°C ®2),

The other two ionic liquids were choline dodeagnzene sulfonate with
melting point of 118 and ammonium dodecyl benzene sulfonate with
freezing point of -5C. the latter two ionic liquids were provided by a&h
Deewan ™" as these ionic liquids have been synthesis andtarke

presented in a MSc thesis requirement in due time.

2.3 polymers-l onic liquid composite films preparations:

The composites polymers films were preparedsigg a solvent casting
method, where 10 wt % and 20 wt % of each ioniaiigvere mixed with
either PMMA or PVC. Details of preparation of edidm are explained as
following:

The mechanical balanced of accuracy’ b@ve been used to obtain a
weight amount 0.07 g and 0.14 g of each ionic tiq(see 2.2) were
weighted and added to conical flask containing 25Mmiretrahydrofuran
solvent. A continues magnetic stirring was appled the mixture were
found to be completely soluble after 1.5 hoursdboline chloride / urea
mixture but immediately for choline dodecyl benzeselfonate and
ammonium dodecyl benzene sulfonate finally cleandgenous liquid were
formed. To these clear liquids mixtures a corresjamn weight of 0.63 g
and 0.56 g of PMMA and PVC were added to thesetisolsi to make
composites mixtures of 10 wt % and 20 wt % of iolggiids / polymers

mixtures. When the above weights of polymers whadeled to the
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corresponding ionic liquid solutions they dissolvatdnediately forming a
clear solutions. The final solution then was casb iglass sheet better dish
allowing the solvent to be evaporated naturally 2dr hours where ionic
liquid / polymer composites flexible films were &y formed having a

thickness of about (105 = 10 micron) when measbgeohicro vernia.

2.4 Other solvents:

Tetrahydrofuran (THF) was the best solvent usedpreparation of all
polymer-ionic liquid composites films in two type$ polymers and with
three types of ionic liquids.

However, ethanol and chloroform were also usedprepare the
composites films but they did not result in eladiim but rigid easy to be
break non homogenous films in both PMMA and PVC pgosites films
preparation. in addition, DMSO was also used tpare the composites
films this solvent was found to have good solubtian power yet the
natural evaporation process would require a veng lame and may not
reach completion without unfavorable heating thetune. Therefore only
THF solvent was used in the preparation of the mpely composites

specimens.

2.5 Preparation of Aluminum-electrodes:

A coating unit model Edwards (Varian NCR 311®hich is shown in
Fig. (2.1), has been used for deposition of thummhum layers on both
sides of each sample to act as electrodes. The sifahin layer is circular
and the diameter is (1.5 cm), the deposition omahum is done under
highly reduced pressure. The purpose for theséreths is to minimize the
contact resistance and eliminate the space chdfget.eThe coating unit
consists of two evacuation pumps, rotary pump, whpooduce an initial

pressure of about (I torr, and a diffusion pump which produces low
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pressure about (1010°) torr with the help of the rotary pump and cooling

system. The pressure is measured by using piranpiEnng gauges.

1. Masks:

The items used for the desired shape of thesited electrode are called
"masks" and that are made of aluminum sheets(E@a) shows the shape
of the masks which have been used in this work. Sitege of masks has
been used has a circular area (1.76625) These masks have been cleaned
by de-ionized water and detergent powder, thennamgersed in the ethanol
solution for ten minutes and dried at room tempeeatThis is done because
these masks are actually attached with sample&xadiby the coating unit
holder.

2. Deposition of Al eectrode:

The evaporation started when the vacuum readi€d) torr. The
thickness satisfying a good electrical conductisn (3000A) and the

Substrate was kept at room temperature.

3. Evaporation Source (Boats):

For evaporation process, it is necessary tcausgecial boat which must
have the following properties:
1- The melting and boiling points of the boat miaiemust be higher than
those of the evaporated material.
2- There must be no chemical reaction between ts bnd evaporated

material, Tungsten spiral boat shown in Fig. (2\2bB¥ used as a source.
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Figure (2.1):- Simplified diagram for the coating units model
(Edwards).
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_ oo

(b) tungesten boat (a) shape of masks

Figure (2.2):- A: Shape of the masks. B: Shape of the tungsten boat.
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.82 cm

2.02cm
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Figure (2.3):- Schematic diagram of the electrode used in measuring the

resistance of the specimens of alone and composite polymers.
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2.6 Measurement of D.C resistivity:

There are different method®r determinationof D.C resistivety of
insulating materials. According to ASTM (D257-78)arsdard method
recommendatiort"*?, for measured of electrical resistance of insniati
materials. Guard ring electrode method has beeptadan this work to
study the effect of the concentration of ionic lgjuadditions and the

temperature on the resistivety of the polymer caosrips.

There are two main reasons for an adoptiomisfrnethod. The first one
is that in guard ring electrode system the leal@age=nt can be minimized
over the surface of the specimen and can be cetldny the guard electrode
which is not included in the measured current {he.surface resistance can
be separated from resistance considerable exf@m)second reason is the
ability of this system to decrease the effect effiinging of the field at the
edges. The conductivity was calculated as outlgsatier in equations (1.3)
and (1.4).

The schematic diagram of the electrode andlitgensions indicate in
Fig. (2.3). A suitable measuring system is usegttmly and measure the
electrical properties of the polymer in both pund anixed with ionic liquids
state, the complete system is shown in Fig. (24 the supplied voltage
was 220V.

The electrodes were made of copper metal, aadadjustable screws
applied a uniform pressure on the specimens. T$istamce was measured

by using Keithly 614 digital-solid state electroeret

The test sample is sandwiched between theretlxt and put it in

temperature controlled oven (Hereaus electronicg fesistance calculated
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for each reading and average (R) has been takee. rEisistance

measurements were performed in the temperature @3-383 K).

2.7 Microscopic Observations:

The samples were examined by using the opticalasempe from (Olympus
BH-2) which has a maximum magnification power o65(0) and equipped

with light intensity automatic controlled camera.

Avometer

Keithly Polymer
614 C Specimen

|
Electrometer

Power Supply

TGuard Electrode

Figure (2.4):- Schematic diagram for D.C volume resistivity

measur ement.
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PV C with 20% choline chloride/ urea.

Values of slope and D.C activation energy for PVC-Choline
chloride / urea composite.

Values of D.C activation energy for the pure and composites
both PVC and PMMA.

Values of slope, Ro and a for all the samples were prepared in
this work.
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Miirevnhions L

Symbols

Full meaning used in theses

Units

Tg

Glass transition temperature

Centigrade

Polyvinyl chloride

/

Poly methyl methacrylate

/

Methyl methacrylate

/

Conductivity

S.cm™

Critical temperature

Centigrade

Drop in potentia

Volt

Current

Ampere

Resistance

Ohm=Q

Resistivity

Ohm. cm

Siemens

Ohm*

Conductance

Siemens

Boltzman constant = 8.62*10™

eV/K

M @l ™| w = 0

8

Activation energy

eV

@]

Direct current

Ampere

Guard €lectrode effective area

x| >» O

o

Resistance at 0 °C

=

Temperature coefficient resistance
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