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Abstract: 
      The D.C electrical and thermoelectrically properties of randomly mixed isolator – 

electrolyte system as (Al/ PVC – LiF/Al) junction consisting of polyvinyl chloride 

(PVC)resin reinforced with Lithium Fluoride (LiF) powder were studied. 

      A comparison is made the properties of (PVC) material with varying percentage 

of (LiF) powder (0%, 30%, 50%, 80%)to find out the effect of reinforcement of 

isolator material. The composites dissolving in 10ml form tettraHaedroflourn (THF) 

and Solution were the castled in Petri dish and Laved it dry in the air, The out coming 

Sample were disc - Like shape  of a diameter of about 3cm and thickness reneged 

between (0.01- 0.018) cm . 

     The composites dissolving in 10ml form tettraHaedroflourn (THF) and Solution 

were the castled in Petri dish and Laved it dry in the air, The out coming Sample were 

disc - Like shape  of a diameter of about 3cm and thickness reneged between (0.01- 

0.018) cm . 

     The experimental results show that current and the conductivity of (PVC - LiF) 

composites increase by three orders of magnitude when the volume fraction (LiF 

Vol.%) increase and so dose with temperature. 

      The activation energy of the thermal rate - process of the electrical conductivity is 

determined and found to decrease with increasing the LiF vol. % content. 

       We find that this composite has good conductivity, light weight and easily 

manufactured. These very good ideal characteristics can make the composite very 

suitable to be used commercially 

 

Key Words: electrical properties, thick polymer films doped with electrolyte and 

conducting polymer composites . 

 

Introduction: 

The electrical properties of 

polymers in general allow their 

application as insulating materials 

because of their high resistivity [1].     

     The resistivity can in fact cause 

problems, particularly for 

hydrophobic polymers in that it leads 

to a build up of electrical charge. This 

can prove hazardous in certain powder 

industries and the transport of 

inflammable fuels, and it can prove 

troublesome in the textile spinning 

industry. When an industrial material 

is shown to lack exactly the required 

properties for an intended use, the first 

solution for improvement is to attempt 

to modify its structure or behavior in 

the desired direction by adding to it 

some parts of another material that has 

the missing properties in excess. Since 

combinations of two or more 

materials are called composites, it is 

evident that most of the industrial 

material that surround, which have 

been made and chosen for well-

defined properties, are composite 

materials. Nowadays, composite 

materials are employed in a vast range 
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of uses because they offer 

combinations of properties and a 

diversity of applications unobtainable 

with metals, ceramics, or polymers 

alone.  

     Electrical conductivity composites 

have been the subject of continuous 

interests to the chemists, physicists 

and materials and device scientists for 

many years[2]. This interest arises 

from the idea of being able to 

combine in a single material the 

electrical properties of metal (high 

conductivity) or semiconductor with 

those of a polymer (mechanical 

strength, flexibility, lighter weight, 

low preparation and fabrication costs, 

high -strength-to-weight ratio, low 

fabrication temperature, the flexibility 

of films and could greatly influence 

design of electronic as well as other 

high technology products) for 

instance[3]. These fillers can be mixed 

into the polymer, as it is extruded or 

otherwise preprocessed.     

     One other option is to metalize the 

polymer surface through vapor 

deposition or through spraying 

atomized metal on to the polymer 

surface[4]. Modification of physical 

properties of existing polymers could 

lead to enhancement of the 

conductivity of particular polymer by 

several orders of magnitude. The 

conductive capability of modification 

polymers makes possible molded 

resistance heaters without the use of 

special heating element [5]. The 

metabolized polymer then a 

conductive surface that can impart a 

certain degree of Electro Magnetic 

interference (EMI) and Radio 

Frequency Interference (RFI) 

shielding. The protect business 

machines, automotive and airspace 

components, and putters from EMI 

[4]. They are providing continuous 

bleed of static charges [5].  
      Researches in the field of 

conductive polymers have attracted 

considerable attention for more than 20 

years.  

Polymer - electrolyte composites in 

general and PVC - electrolyte 

composites in particular have gained 

increasing attention in recent years. 

The possible applications are in the 

field of high - energy density batteries, 

Large - area electro chromic devices, 

recharge bile batteries, and sensors 

[4,6]. 

       The Electrical properties of 

polymer have been studied by Baker 

and Thomas. They studied the effect of 

the addition of Ag+ ions to cellulose 

acetate. The result showed that the 

addition of ions not only increases 

conductivity but also increases the 

glass transition temperature. They 

studied the activation energy of 

conduction and the effects of the ionic 

concentration of the ion on the 

electrical conductivity [7].      

      Viscosity and ionic conductivity 

were carried out on gel electrolytes 

made of highly amorphous polymer 

(PMMA) and (LiCLO4) salt. In the 

composition range comweight%-

35W%) of (PMMA) in the gel, the 

ionic conductivity decreases increase. 

On the other hand a large increase of 

viscosity is observed leading to a solid 

adhesive material [8]. 

      Polyvinyl Chloride Films doped 

with Aliquat Chloride were studied by 

the A.C impedance and D.C 

polarization methods. In those studies 

the measurement of the effect of 

composition variation and temperature 

on the conductivity and the 

capacitance were studied. The 

conductivity has been found to 

increase by three orders of magnitude. 

The membrane conductivity depends 

on the ionic site density, ionic 

mobility's and, ion –pairing [9]. 

     Comb-like polymers (CP), based 

on modified alternating methyl-vinyle 

ether/maleic anhydride copolymer 

with oligo- oxethylene side chains and 
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complexes with Lithium salt to form 

amorphous polymer-electrolyte, 

(CP/Salt) complexes, have been 

prepared by Liming Ding, et.al. These 

materials showed conductivity up to 

10-5 (S.cm-1) at room temperature. The 

temperature dependence of ionic 

conductivity suggests that the ion 

transport is controlled by segmental 

motion of the polymer. The ionic 

conductivity maximum moves to a 

higher value when the salt 

concentration and the temperature 

increases [7].  

     Some electrical proper of 

polycarbonate /PAN-based carbonfiber  

composite are reported by Ahmed, et. 

al. Impedance measurements 

preformed at frequency range of (1Hz-

100KHz) on various composite 

specimens showed frequency, filler 

concentration and temperature 

dependence. The observed results are 

similar to those reported on most 

dielectric solid material. The loss 

factor increases with increases filler 

concentration as a result of 

enhancement of the electrical 

conductivity, the  observed decrease in 

the impedance with temperature may 

be attributed to the tunneling and the 

polarization current effects [10]. 

   The electrical conducting of 

thermoplastic/ polyanilline plate was 

synthesized through oxidation of the 

thermoplastic plate by Al- Atrakchiyie. 

      Two method have been to 

synthesize the composite, unprotonated 

polyanilline in the composite and 

protonated polyanilline in the 

composite methods. The experimental 

results show that protonated 

polyanilline in the composite method 

is better used in order to obtain high 

conductivity. 

     The electrical, thermoplastic 

properties were investigated noticing 

the effect of changing the amount of 

the aniline, the concentration of 

oxidation agent and the time of 

impregnating to the oxidation agent. 

    We find that this composite has 

ideal conductivity, light weight and 

easily manufactured. These very good 

ideal characteristics can the composite 

very suitable to be used commercially 

[4]. 

        The physical, mechanical, 

electrical and thermal properties of 

adhesive material that prepared from 

Nitrocellulose (CN) reinforced with 

graphite particles and aluminum start 

by Abass. 

      A comparison is made between the 

properties of adhesive material with 

varying percentage of graphite powder 

(0%, 30%, 50%, 80%)to find out the 

effect of reinforcement on the adhesive 

material.  

     The ability of property an electrical 

was studied through the measurement 

of conductivity a function of 

temperature varying.  

    The results of comparison have 

clearly shown that the increasing of 

content of the filler material (graphite 

weight) after limit ratio determined 

(32%) in material prepare lead to 

yielding the Nitrocellulose (CN) 

material to concept of granular 

agglomeration. The mechanical 

properties decrease when graphite 

weight ratio increases. Electrical 

conductivity and flammability 

increases with graphite weight 

percentage increases, while the 

electrical conductivity decreases with 

increases of temperature [11].  
     This work aims to synthesize a 

polymer composite with high electrical 

conductivity made of cheap, light 

available materials and can be used in 

the everyday life. 

     In this objective we specifically 

demonstrate how thick composite 

polymer films with electrical 

conductivity extending from insulating 

to semiconducting and conducting can 

be prepared therefore concerned with 
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the preparation of (PVC - LiF) 

composites with several LiF vol.%. 

This work also includes the of the 

effects of LiF vol.%, and temperature 

on the DC electrical properties of 

(PVC - LiF) composite as (Al/PVC - 

LiF/Al) junction. 

 

Theortical Concepts:- 

 (Solid Electrolytes): 

      Solid electrolytes are Solid 

materials which possess an electric 

conductivity partly or wholly due to 

ionic displacements [12]. 

     In these materials, one component 

of the structure, cationic or anionic, is 

not confined to specific Lattice sites 

but is essentially free to move through 

out the structures in that there are open 

tunnels or layers through which the 

mobile ions may move [13]. 

     The conductivity of Solid 

electrolytes usually depends upon 

several factors among them, the 

temperature [14]. 

(polyvinyl chloride (PVC)): 

      polyvinyl chloride (PVC) is a 

linear - chain polymer which have 

good mechanical properties and certain 

electrical properties which make PVC 

polymer as good candidate in the 

application in evolving high power 

capacitors, high frequencies because of 

high dielectric constants and high 

power factor values. Table [1] gives 

some of physical properties of  PVC 

polymer[15,16]. 
 

 

Table [1] physical properties of  

PVC polymer[15],[16]. 
Properties PVC 

Density 1.49 g/cm3 

Dielectric constant 3.2 at 60HZ 

Glass transion Temp (75-85)oC 

Metling point Tm (160-170)oC 

Work function (ev) 4.85±2 

Volume resistivity (ΩCm) 1017 at 20oC 

 

 

 

 (Lithium Fluoride (LiF)): 

      Lithium Fluoride (LiF), which is 

one of the Solid electrolytes, have 

received particular attention for device 

application owing to their chemical 

stability from proper mechanical 

properties. It has a polycrystalline form 

of alkali halide family and have been 

classified as ionic conductors [13]. 

Table [2] gives some of physical 

properties of (LiF) polymer. 
 

Table [2] physical properties of 

(LiF)[17]. 
Form Simple cubic (Sc) 

Tm
oC 842oC 

Density (g/cm3) 2.638 

σ at Tm (Ω.cm)-1 2.410-3 

σ at 0Km (Ω.cm)-1 610-9 

Staticdielectric 

constant (εs) 

9.3 

Work function W(ev) 2.07 

 

 (The Electrical Conductivity): 

      One of the most important 

electrical characteristics a sold material 

is the ease with which it transmits an 

electric current. Ohm's law relates the 

current (or time rate of charge passage) 

to the applied voltage V as follows[4]: 

IRV  ……. (1) 

where  R is the volume resistance. 

     The D.C electrical conductivity is a 

property of a material which has the 

Largest Variation in its Value. The 

range of electrical conductivity 

observed in materials covers of 25 

orders of magnitude [7]. 

For a body with constant cross section 

(A) and a thickness (L), Figure (1), the 

volume resistively, v could be written 

as; 

  
L

AR
v

.
 ……. (2)                           
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Fig.(1) Determining volume 

resistivity. 

 

The volume conductivity can be 

written as; 

v

v



1

 ……… (3)  

or 
AR

L
v

.
 ……. (4) 

     The electrical conductivity for non 

metallic materials Varies exponentially 

with temperature (T) according to 

Arrhhenius equation;   








 


KT

Eac
o exp ……. (5) 

    Where K is the Boltzman constant 

and Eac is the thermal activation 

energy.  

    If the electrical conductivity (v) is 

measured  over a wide range of 

temperature, the plots of logarithm of 

the conductivity as function of the 

reciprocal of the absolute temperature 

gives straight Lines and from their 

slopes one can calculate the activation 

energy, Eac, for thermal process[18]. 

 

Materials and Methods: 
(Materials): 

       The PVC polymer, from 

Intermediate petrochemical Industries 

Co. Ltd, which is rigid compound 

Solid in the form of bluish dry mix. It 

has excelled machine process ability 

and finished product is transparent and 

glass powder. 

The LiF material is the electrolyte used 

as a filler in this work, which has a 

purity of 99.999% supplied by Ferak 

company. 

(Preparation of Sample): 

       A weight amount of polymer 

powder have been mixed with weight 

amount of LiF powder to obtain 

different percentages. A tumbling mill 

has been used to obtain homogenized 

powder mixture. The polymer samples 

cam be prepared by dissolving (1) 

gram from polymer and electrolyte 

composite as the percentage (PVC 

pure, 70/30, 50/50, and 20/80) for PVC 

and LiF), table [3] list of weight 

percentage of (PVC-LiF) specimens. 
 

Table [3] physical properties 

of(PVC-LiF). 
Wt.% 

PVC 

Wt.% of 

LiF 
Vol. % of LiF 

100 0 0 

70 30 18.09 

50 50 34 

20 80 67.2 

 

     The composites dissolving in 10ml 

form tettraHaedroflourn (THF) and 

Solution were the castled in Petri dish 

and Laved it dry in the air, The out 

coming Sample were disc - Like shape  

of a diameter of about 3cm and 

thickness reneged between (0.01- 

0.018) cm . 

(Measurement of D.C Resistivity 

and Conductivity) 

         A coating unit model (Varian 

NCR116) has been used for deposition 

of thin circular aluminum electrode on 

both sides of each sample. The purpose 

of these electrode is to minimize the 

contact resistance and elements the 

space charge effects. The Three - 

electrodes method has been used to 

measure the D.C electrical volume 

conductivity. Complete description of 

this technique is found else were 

stabilized D.C power supply (Phillips 

Harris Limited) which provides an out 

put voltage from (0-6kv). The 

maximum voltage used was (1500) 

volt. The out put current was measured 

A 

L 
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by keithly (616 - digital) Solid - State 

electrometer of accuracy  (2-4%). 

The electrometer provides direct 

reading current ranges to 10-15 amperes 

full scale. The test sample is placed 

between the two electrodes and left at 

a desired temperature for about 15 

minutes, then the desired test voltage is 

selected from the voltage supply and 

the current passing through the bulk of 

the test sample, at this selected 

temperature, is measured by the 

electrometer. This procedure has been 

repeated twice and the average reading 

has been taken. The selected voltage is 

vie red from (100-1500) volt, 100 volt 

each step. The volume resistance has 

been calculated for each reading and 

average (R) has been taken. The 

volume conductivity measurement 

were performed in the temperature 

range between (303-373)k by using a 

temperature controlled oven ( Hereaus 

electronic). 

 

Results and Discussion:- 
1.The Effect of LiF Vol.% 

Concentration on Electrical Volume 

Conductivity (σv). 

       The variation of volume resistance 

(R), volume resistivity (ρv) and D.C 

electrical conductivity (v) as a 

function of the volumetric filler 

content at a (303k) is shown figures 

(2), (3) and (4). The electrical 

conductivity remains to increase when 

LiF vol.% content is equal 18.09 vol. 

%. The figure (4) indicates that 

increase D.C electrical conductivity for 

sample of high LiF vol.% content is 

about three order of magnitude as 

compare with the D.C electrical 

conductivity of neat PVC sample. This 

behavior can be related to the fact that 

at high filler concentration the 

electrical properties of composite 

material may be dominated by the 

electrical properties of the filler where 

as at Low filler content both polymer 

and filler govern the electrical 

properties of the composite material 

the same conclusion has been adopted 

by other [10]. The electrical 

conductivity could also be increased as 

a result of increasing of ionic charge 

carriers which can be increased due to 

increasing filler content [19]. The 

increment in D.C electrical 

conductivity values of (PCV- LiF) 

composites can be ascribed mainly to 

the rear rang - emend of the electrolyte 

particles through out the polymer 

matrix.  

    The LiF particles are randomly 

distributed in the matrix as from of 

network, and when the LiF vol.% is 

higher, the network starts to connect to 

each other, to form some kind of 

conductivity path through the polymer 

matrix.    

     The above approach which 

describes the dependence of the 

electrical conductivity on the rear rang 

emend of the particles is similar to that 

observed by other workers [19],[20]. 

 

2. Temperature Depended of D.C 

Electrical Conductivity. 

        The effect of temperature on 

volume resistance (R), volume 

resistivity (ρv) and D.C electrical 

conductivity of (PVC – LiF) 

composites shown in figures (5),(6) 

and (7). The figure (7) shown for all 

samples of different LiF content (i.e 0 

vol.%, 18.09 vol.%, 34 vol. %, 67.2 

vol.%), the conductivity increasing 

with increasing temperature, 

characteristics of semiconductor 

material. Facture more the value of 

D.C electrical conductivity has been 

increased by about three order of 

magnitude at 373k. This result can be 

related to the increasing of the ionic 

charge carriers as well as increasing of 

polymer segmental motion of 

temperature increasing. 

       Several groups of worker have 

reached a similar conclusion [10,19]. 
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3. The Activation for (PVC – LiF) 

Composite. 

        To find the activation energy for 

thermal activation processes 

Arrhhenius equation (eq.5) have been 

used and the results have been shown 

in figure (8). The composites with 

higher LiF vol.% content have Lower 

activation energy values. The high 

activation energy values con be 

attributed to the thermal movement of 

ions and the molecules, where as the 

low activation energy values con be 

attributed to conduction mechanism 

which is related to the decreasing of 

the distance between the LiF particles. 

Higher LiF content in the PVC matrix 

mean shorter distances between LiF 

particle, Figure (9) which shows the 

decreasing of the activation energy of 

(PVC – LiF) composites as a result of 

increasing LiF vol.% content is a 

reasonable support for the above 

discussion , it has been reported that 

for these kind of composites electronic, 

ionic, as well as mixed conducting 

processes are possible [8,11]. 

       The range of conducting 

mechanisms for These composite 

materials considered from purely ionic 

to purely electronic including 

important mixed ionic – electronic 

eases [9]. 

Conclusions:- 
      The main interest in polyelectrolyte 

can be related to large demond of these 

material in technological application, 

for example rechargeable batteries. 

      A composite material of randomly 

mixed insulator – electrolyte system as 

(Al/PVC - LiF/Al) junction consisting 

of PVC and LiF powder were prepared 

and found to have several significance 

D.C electrical properties. 
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 (PVCمن راتنج البولي كلوريد الفانييل )تحضير متراكبات بوليمرية 

 موصلة كهربائياً ودراسة بعض خصائصها الكهربائية 
 

 *رولا عبد الخضر عباس
 

 قسم العلوم التطبيقية -الجامعة التكنولوجية *

 

 الخلاصة:
الكتلةليمم    -تممم اسا ممة اعمما الالممابا الكالاابيممة الكسممتكلر ةالكالةطلاسعممة للالممير الع ممواب  اوليكل    

  ككماار االلمة  الكمدام اكماار يلوسعمد الليكموم  ككماار الكتلةليتيمة  PVCالككون من ساتنج اول  كلوسعد الفاعنيل  

 , ةمممن  ممم تكمم  مقاسصممة  ممواد  مممت الكمماار الكتلاكبممة ممم  صسمم  LiF/Al –Al/PVCةالكحضممل ا ممكل مفممل   

ةذلم  لكحطةمة تمر يل التمدايم الم    %0, %30, %50, %80   م   LiFماتلفة من مسحو  يلوسعد الليكموم  

  طيث أمكن الحلول اليه ةذل  0.01ـ  cm  0.018ب لت عقدس ضالكاار العاللة. م  العلم أن  ك  النكاذج الكح

   . THE  flourn Haedro Tettra  من ماار 10mlب  امااة  مت الكواا الكتلاكبة الكحضلر  

ااطمة الكداكمة افلوسعمد الليكموم يم  تلمني  ممواا متلاكبمة مو ملة ككا تك  اسا ة أمكاصية ا تادام  ممت الكماار الل

 كالاابيا ان طلعق اسا ة التو يلية الكالاابية اند اسجات طلاسعة ماتلفة. 

  تمدااا مم  لعماار النسمبة الحجكيمة PVC-LiFلقد أظالت النتابج التجلعبية أن التو يلية الكالاابية لكتلاكبمات  

ا لعة, كمل  تدااا م  استفاع اسجة الحلاسر ككا أن قيم طاقمات الت مير تقمل   ملات لفلوسعد الليكوم اكقداس  حث

 ا كل اام م  لعاار النسبة الحجكية لفلوسعد الليكوم الكضاف.

أن  مت الكواا الكتلاكبة تكتل  تو يلية كالاابية جيدر ة فيفة المولن ة مالة التلمني  ة ممت تعتبمل ميمدات مكاليمة 

 ا بة جداً لح تادام التجاسي.للن  مواا متلاكبة من

 

 

 

 


