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Abstract 

     PVC-LiF composites films with different lithium fluoride (LiF) concentrations 

(0, 30, 50, and 70 weight %) were prepared by using the casting method. This 

research deals with the investigation of dielectric properties for PVC-LiF composite 

films as a function of frequency and temperature in the ranges of 100 to 10
7
 Hz and 

293 - 370 K, respectively. The A.C activation energy values estimated from 

Arrhenius equation were 0.03820, 0.3174, 0.2009, and 0.1845 eV for the different 

PVC-LiF films with different LiF concentrations, respectively.  It was found that the 

activation energy decreases by increasing LiF concentration and frequency. The 

exponent (s) showed a progressive increase with LiF for PVC-LiF films, while it 

showed a non-systematic sequence with the increase of temperature. The 

dependence of the dielectric constant (εr) and dielectric loss (εi) on temperature and 

frequency was investigated for PVC-LiF films with the different LiF concentrations. 

The dielectric spectrum showed a strong dispersion when LiF was added to the 

polymer matrix (PVC) in the whole range of frequency and temperature. The results 

were interpreted in terms of structural differences caused by the effect of thermal 

treatment. 
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ليثيوم فمورايد–متراكبات  البولي فينيل كمورايد  لأغشيةدراسة عزلية   
 

 أحمد عباس حسن
 ، كمية العمهم، جامعة بغجاد، بغجاد، العخاققدم الفيدياء

 خلاصةال
 ممختمفة من الميثيه  وزنية وبتخاكيد PVC-LiFليثيهم فمهرايج -ل كمهرايجيتم تحزيخ متخاكبات البهلي فيش     

  لأغذية قراء الخهاص العدليةت( بطخيقة الرب . يعشى هحا البحث باس %  70و  30,50, 0فمهرايج)
 الى  273 (و )هختد 107  الى   (100 ودرجة الحخارة ضسن السجى   لة لمتخدداكج  PVC-LiFمتخاكبات    

 ,   0.0382عمى التهالي .طاقات التشذيط التي تم حدابها من معادلة   ارهيشيذ    كانت )كمفن 373
 PVC-LiFلسختمف اغذية الستخاكبات   عمى التهالي الكتخون فهلت   0.1845و 0.2009 ,0.3174

 والتخدد. . لقج وجج ان طاقة التشذيط تقل مع زيادة تخكيد الميثيهم فمهرايجالميثيهم فمهرايجولتخاكيد مختمفة من   
تغيخ غيخ مشتعسا  (s )فمهرايج بيشسا اظهخاظهخ زيادة مزطخة مع زيادة تخكيد الميثيهم    (s )العامل الاسي 

  عمى كل من التخدد ودرجة الحخارة  (εi)وعامل الفقج   (εr)تم دراسة اعتساد ثابت العدل مع زيادة درجة الحخارة.
.اظهخ طيف ثابت العدل  تذتتا قهيا   السختمفة بتخاكيد   الميثيهم فمهرايج PVC-LiFلجسيع اغذية متخاكبات  

. لقج  ينودرجة الحخارة السدتخجم الكمي التخدد سجىول البهلي فيشيل كمهرايجليسخ ه بميثيهم فمهرايج الى عشج اضافة ال
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Introduction 

     Polyvinyl chloride (PVC) is the most common polymer with multiple uses which occupies the 

second place among manufacturing polymers in the world  [1]. It  is a thermoplastic and  linear 

polymer with an amorphous structure . Plasticization of PVC produces many new properties that are 

suitable for many applications [2]. Polymerization of vinyl chloride monomer (VCM)  produces PVC, 

The structure of PVC is shown in Figure-1 [3]. 

Polyvinyl chloride 

 

Figure1-The chemical structure of PVC 

 

    PVC polymer  has a dielectric constant  in the range of 3.5 - 6.5 [4,5]. LiF material is widely used 

due to the unique optical properties  which  are appropriate for many applications [6-7].  It is a 

polycrystalline form of alkali halides family, which has been classified as  ionic conductors. The 

conductivity of LiF is very law because of the ionic bound resulting from the electrostatic interaction 

of the oppositely charged ions (Li+,F-) [5]. It can be used in batteries as a layer to improve electron 

injection [8] . 

In these experiments, the electrical conductivity is measured  

as a function of angular frequency f 2 .  The full conductivity ( tot ) at definite  frequency and 

temperature is given by  the following  equation [9]: 

  cdcatot ..                     D (1)             

     where  the term cd . is the.D.C conductivity  depends  strongly on temperature. Many information 

about the nature of the polarization mechanisms in dielectric and aspects about the interface of  the 

electrodes capacitance as well as  the amount electronic conductivity present  can be given from the 

a.c conductivity (ζac (ω)) measurements [10]. 

    The measurements is conducted by measuring the  total electrical conductivity (ζac (ω)) as function 

of angular frequency f 2 where f is the frequency of an alternating electric field  .The total 

conductivity tot   is made up from two term as in the following relation :   cdcatot ..                     

(1)             

     The first term  cd . is the D.C conductivity which strongly temperature dependence and overbear  

at low frequencies, however  ca.  is the A.C. conductivity which is macerate  temperature 

dependence than  cd .   and overbear at high frequency and non temperature dependence then, the 

empirical relation of frequency dependence on a.c conductivity (ζa.s(w))shown in many amorphous 

semiconductors and insulators both inorganic and polymeric material  can be written as : 

  s

ca  .
                                                              (2)                

  s

ca A .                                                  (3)                  

where A is constant.  

The ζac can be measured by applying the following equation: 

AR

t

..
                                                     (5) 

    where t  , R , and A are  thickness of film , the resistance of sample , and effective area for 

capacitance,  respectively . 

http://en.wikipedia.org/w/index.php?title=File:Polyvinylchlorid.svg&page=1
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    The relation between the AC conductivity and frequency yields three regions . The first is the ionic 

reign, while the second is the low frequency region which  belongs to ζd.c   and ascribed to the 

electrode polarization effects.  The third is the high frequency region which belongs to ζa.c ()  and 

ascribed to the relaxation process which is commensurate  to s. The exponent is measured from the 

slope of ln a.c ()  versus ln () in the high frequency region: 

 

      
)]([

)]([ .





Lnd

Lnd
s ca                                    (6).  

    It was found that there are three transport mechanisms of charge carriers that are responsible for the 

occurrence of conduction , which are [11,12]: (i) transporting by exciting the charge carriers to the 

extended state near the conduction (C.B) or valence (V) bands, (ii) transporting by exciting the charge  

carriers into localized states at the extremities of the  V.B or C.B, and (iii) hopping of the charge 

carriers near the Fermi level. 

    Different theories were previously proposed to explain A.C conduction. These include the quantum 

mechanical tunneling (QMT) theory where the exponent is temperature independent, the correlated 

barrier hopping (CBH) theory where the exponent s is reduced with rising temperature and  the A.C 

conductivity occurs by hopping between defect states [13], and the small polaron theory where the 

exponent grows by increasing temperature. One of the model which was proposed for the 

interpretation of  these relaxation mechanisms , namely the quantum mechanical tunneling (QMT). In 

this process, the a.c conductivity is linearly dependent on temperature and the exponent s is frequency-

dependent , but independent on temperature [12].  

   It was pointed out that, for non-conducting materials, the a.c conductivity is temperature-dependent 

and obeys Arrhenius equation [11]. 

ζa.c() = ζo exp (-Ea.c/kBT)                                         (7) 

    It was found that when a dielectric material is subjected to an electric field, the dipoles obey the 

field. The fraction of the energy supplied from the electric field will be absorbed.   

The fraction of energy expended on the molecular friction is expressed as dielectric loss [14]. The 

behavior of the dielectric loss under an alternating current can be expressed in an equivalent circuit by 

a combination of connected capacitance (C) with resistance (R) [15]. For the parallel connection, the 

total impedance (Z) will be given by [16]. 

1/Z = 1/Rp + jCp                                                 (8) 

    When a dielectric material is subjected to a sinusoidal voltage, the current will be composed from 

two components, which are the conduction current (Ic) and the displacement current (Ir) . The former is 

in the same phase with voltage while the latter  is out of phase in 90 
0
 [17]. 

 I= *C0 dV/dt = C0 [i + j  r] V                                               (9) 

    The conduction current t and the displacement current components can be given as :   

Ic = jrCpV                                           (10)  

Ir = Cp iV-                                                 (11) 

     Then the real 1 and imaginary 2- parts of the dielectric constant and the loss tangent tan δ are 

expressed as: 

r = Cp /C0                                                      (12) 

 i = 1/Rp C0 -                                      (13) 

 

    The alternative conductance (Gp) is defined as the  reciprocal of the resistance  at certain frequency  

in the equivalent parallel circuit (at the same time), which is given by the relation : 

Gp = ζa.c ()A/d                                                      (14) 

Then  r and  i can be written as : 

 i= Gp/C0                                                            (15) 

i = ζa.c/ o                                                             (16) 

     Cole and Cole [18]  postulated a standby plot diagram  method to defeat any trouble related with 

the measurements of the dispersion  in the frequency extremities (the high and the low range).  In 

order to determine the real and imaginary parts of dielectric constant, two models were proposed . The 

plot of the real and imaginary parts of dielectric constants yields arc of circles having their centers 
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lying below the absicca axis. The diameter  of the circle   makes an angle (απ/2) with r, thus the 

polarizability (α)  can be determined .The polarizability  is equal to 0  the electric field has one 

relaxation time , while it lies in the range of 0<(α) <1 when there is a distribution of relaxation time.   

    This work sheds the light on the dielectric properties of PVC-LiF composites with various LiF 

concentrations, including the dielectric constant (εr) and dielectric loss (εi)  . The relation between 

them was discussed . An attempt was also made to interpret the results in terms of Maxwell- Wagner 

model. Cole-Cole diagrams were plotted and used to estimate the values of α . 

Experimental details 

    The materials used in this work include PVC as granules from supplied by SIC Company (Saudi 

Arabia),  and LIF supplied by SLC Chemicals Group (England). The casting method was used to 

obtain films in the form of disk with a diameter of ~ 5 cm and thickness of 0.8 cm. These samples 

were mounted between a pair of electrodes in the sample holder for dielectric measurements. The 

parallel capacitance and conductance were measured simultaneously by a programmable LCR meter 

(HP-4274A and HP-4275A models) with an operating frequency that ranges 100 - 10
7
Hz, a 

temperature range of 298- 473K, and a constant voltage of 0.08V. 

Results and Discussion 

     In this part of the study we present and discuss the results of A.C conductivity ζac (), the dielectric 

constants εr, and εi of PVC/LiF  composites with different  LIF ratios (0,30,50, and 70%). The effects 

of the weight fraction of the dispersed phase, temperature (293-373K), and frequency (100-10
7
Hz) on 

ζac () are discussed below. 

A.C Conductivity measurements 

     Figure-2 shows the relation between ζ t(ω) and frequency of PVC-LiF composite films with 

different LiF concentrations (0,30,50, and 70 % wt). The conductivity ζt(ω) was shown to increase 

slightly with increase of angular frequency (ω) in the D.C conductivity range. Hence, the conductivity 

ζt(ω ) is frequency independent but   ζt(ω ) increased quickly in the higher frequency range, giving rise 

to the dominance of A.C conductivity. 

     It is obvious that the frequency variation trend of the net PVC  is exponentially frequency 

dependent in the full frequency range . The addition of LiF to the host polymeric material generates 

significant changes in behavior of conductivity with frequency  . The  conductivity of composite 

samples  is frequency independent in low frequency range ( below 4x10
5
 Hz ) and then it is frequency  

dependent  in the range of >4x10
5
  Hz. 

     On the other hand, ζt(ω ) for all samples is increased by increasing annealing temperature (Ta) for 

pure and composites samples. The increase of annealing temperature to 373K results in make the 

conductivity of  the composites samples 30/70,  50/50  and  30/70 PVC/LiF  are frequency dependence 

in full frequency range .  

     The values of the exponent s, which represents the slope  of ζt(ω)  versus (ω),  are determined and 

shown in Table-1 . It is obvious that the exponent factor values  (s) are less than one in the low 

temperature range which confirmed the hopping mechanism , while s exceeded the unity in high 

temperature and high LiF content. It is clear that (s)  increases  with the increase of Ta and then 

decreases at high temperature . Hence, CBH  and the small polaran (SP) are the most suitable models. 

While s changes in different sequences with LiF content , i.e ., it decreases upon the first addition of 

LiF and then increases with continuous addition, which makes SP and CBH are the most suitable 

models, respectively. Small polaron tunneling is the most convenient model when the exponent(s) 

grows with the rising of temperature . This occurs when the supplementation of  the charge carrier to 

the covalent solid results in  a high  degree of local lattice distortion, which  forms  small polaron. 

Correlated barrier hopping (CBH)  is assumed when  there is a potential barrier over which the 

electrons jump [19].  

     The activation energy (Eac) values were estimated  at selected frequencies (10 ,100, and1000kHz) 

from plotting    Lnζ tot (ω )  versus  (1/T), as shown in Figure-3 and listed in Table-2.  The  results 

demonstrate that all the composites  samples show one conduction mechanism and, hence, one 

activation energy. It is obvious that   EAC values decreases by  increasing frequency and LiF content. 

Moreover, EAC decreases  from 0.03820 to 0.0646eV and  from 0.0382 to 0.01845eV by increasing the 

angular frequency (ω) from 100kHz to 1000kHz and when LiF increases from 0 to 70%, respectively.  

The reduction of EAC values with the increase of angular frequency (ω) is resulting from the increase 
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of vibrating energy. This indicates that  the conductivity  is frequency dependent in full frequency 

range for high LiF content . The reduction of EAC can be explained as the action of increasing charge 

carriers supplied from LiF which leads to the visual decrease of band gap.   
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Figure 2-Plot  of Ln  A.C versus  ln(ω)   of   PVC/LiF  composites with various  concentration ratios 

and different temperatures. 

 

Table 1-The values of the exponent (s) and polrizability () of PVC/LiF  composites with different 

concentration ratios and temperatures. 

LiF ratio % Oven Temperature (K) s  

0 

293 0.61 0.155556 

313 0.59 0.155556 

333 0.68 - 

353 0.79 - 

373 0.70 - 

30 

293 0.33 0.165556 

313 0.59 0.155556 

333 0.63 0.133333 

353 0.23 0.133333 

373 0.61 0.111111 
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50 

293 0.56 0.175556 

313 0.51 0.165556 

333 1.21 0.143333 

353 1.19 0.133333 

373 0.61 0.121111 

70 

293 1.34 0.145556 

313 1.53 0.145556 

333 1.38 0.135333 

353 1.29 0.133333 

373 1.21 0.121111 

 

Table 2-The values of Eac for PVC/LiF  composites with different concentration ratios and 

frequencies. 

LiF content% Frequency(Hz) EA.C(eV) 

0 

100 

1000 

10000 

0.03820 

0.01035 

0.00646 
 

30 

100 

1000 

10000 

0.03174 

0.02630 

0.01983 
 

50 

100 

1000 

10000 

0.02009 

0.01794 

0.01345 
 

70 

100 

1000 

10000 

0.01845 

0.01630 

0.01431 
 

 

3-2 The Dielectric Constants  
    Figure- 4  shows the plot diagram of εr against the angular frequency of PVC-LiF composite films.  

The  spectrum  shows that εr  changes by rising the annealing temperature and  angular frequency . 

The εr  value for the pure PVC decreases with the increase of angular frequency.  This is attributed to 

the domination of the electrode blocking layer, while εr  is not influenced by the electronic  

polarization  in high frequency range. It is noticeable that the variation trend of   εr  with the frequency  

of the net PVC is different from that of composite samples . It is clear that the domination of the 

electrode blocking layer becomes more pronounced for  all composite samples, i.e., dielectric constant 

reaches a steady value and not affected by the increase of frequency . 

The dielectric constant is increased by rising annealing temperature. Moreover, at frequency =10
2 

Hz, 

εr is increased from 911 to 1148 when Ta is increased from 293 to 373K. However, εr decreases when 

Ta increases from 303to 373K. The increase of εr value is due to the creation of  a high energy barrier . 

The motion of charge carriers occurred in multiphase materials  (PVC-LiF composite films). The 

trapping and accumulation of charge carriers at available sites, such as defects and interfaces,  gives 

rise to the distortion of the electric field and, hence, to the increase of εr. This effect is dominated by 

the type of the conductivity ( Maxwell-Wagner effect). 

 

 

 

 

 

 

 

 

 



Hasan                                                           Iraqi Journal of Science, 2021, Vol. 62, No. 3, pp: 861-870 

 

867 

PVC

-13

-12

-11

-10

-9

-8

-7

-6

2.5 3 3.5

1000/T (K) -1

ln
  


 (
o

h
m

-c
m

)-1

PVC+30%LiF

-13

-12

-11

-10

-9

-8

-7

2.5 3 3.5
1000/T (K) 

-1

ln
  


 (
o

h
m

-c
m

)-1

 
 

PVC+50%LiF

-12

-10

-8

-6

2.5 3 3.5

1000/T (K) -1

ln


 (
o

h
m

-c
m

)-
1

PVC+70%LiF

-13

-11

-9

-7

-5

-3

-1

2.5 3 3.5

1000/T (K) -1

ln
  


 (
o

h
m

-c
m

)-1

 
Figure 3- A plot of AC conductivity versus reciprocal temperature (1/T)for PVC-LiF composites. 

 

Figure-5 shows the relation between log εi and  ln ω. The spectrum shows many peaks which are 

symmetrical around  the angular frequency (ωD) which is corresponded to maximum absorption . 

Hence, the relaxation time (η) can be determined according to the relation (ωD=1/ η ) . The results 

indicated that these peaks are slightly pronounced in the spectrum of the net PVC, but becomes more 

pronounced by the addition of LiF  . The peak  of the 70/30 PVC/LiF sample exhibits a shift toward 

the low frequency side by rising the annealing temperature, while the spectrum of the 50/30 PVC/LiF 

sample  shows  more than one peak which  vanish by rising the annealing temperature to 373K. The 

behavior of the 70/30 PVC/LiF sample is in opposite to that, i.e.,  there more than one peak appear by 

rising the annealing temperature. In addition, εi value increases by increasing angular frequency.  The 

explanation of the appearance of more than  one peak of  ε i spectrum versus frequency  is the 

formation of more than one phase in the composite samples (i.e. amorphous and crystalline phase). 

The vanishing of the relaxation peak in the low affirms the dominance of one phase  . The foundation 

of peaks in the dielectric loss spectra postulates relaxing dipoles in all the composite samples. The 

strength and frequency of relaxation depend on the characteristic property of dipolar relaxation. The 

addition of LiF  to the net PVC resulted in shifting the relaxation peak toward the lower frequency 

side. Thus, increasing the relaxation time but further increasing LiF content leads to speeding up the 

segmental motion by lowering the obtainable free volume. This is proved by the peak shifting toward 

the higher frequency side, thereby reducing the relaxation time [20]. 
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Figure 5-Plot of εi versus  ln(ω)  of   PVC/LiF  composites with different concentration  ratios and 

temperatures. 

 

3.3 Cole-Cole diagrams 

Cole-Cole diagrams shown in Figure- 6 provide strong evidence of   multi-relaxation time in PVC-LiF 

composite films . The polarizability (α) was measured and the values are  listed in Table-1. It is clear 

that  (α) showed a systematic reduction  by  increasing  the annealing temperature, while (α) exhibited  

a change in an irregular manner with the increase of LiF content in the composite films, i.e., (α) 

increases by increasing LiF content to up to 50% then (α) get to reduce with further increase of LiF 

content  . This increase in polarizability is related with reaction of the barrier , while the contraction   

of polarizability is related with the growing intermolecular  forces [21,22] . 
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Figure 6-Cole – Cole diagrams  of   PVC/LiF  composites with various concentration  ratios and  

temperatures 

 

3-5. Conclusions 

     Based on the above mentioned results, one can generally draw the following conclusions: 

The addition of LiF to PVC enhances the conductivity . The exponent s shows a non-systematic 

variation with the change in LiF  content. The conductivity is frequency dependent in full frequency 

range by increasing annealing  temperature in the range of 313-373K. The dielectric constant εr 

increases while εi  decreases with the addition of LiF. The dielectric constant εr  and εi  increase with 

the increase in annealing temperature and then decrease at high  annealing temperature. The low 

polarizability value (α < 0.5) of  PVC/LiF  composites proposes that these composites are more 

convenient to use as resistors . The reduction of (α ) postulates that rising of annealing temperature 
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reduces the    forces between molecules  as a result of the formation of potential barrier , while the 

increase in (α ) with the addition of LiF  postulates an increase in the intermolecular force. 
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