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Abstract

     In  the present work, effect of addition  Lithium Fluoride on dielectric properties of high density polyethylene has been studied .For that purpose  ,the HDPE samples with LiF additive have been prepared with volume different percentages and different thickness.The experimental results showed that the dielectric constant, dielectric loss, AC electrical conductivity are changed with change LiF content and frequency of applied electrical field. 
الخلاصة 
      تم في هذا البحث دراسة تأثير إضافة فلوريد الليثيوم على الخواص العزلية للبولي اثيلين عالي الكثافة . ولهذا الغرض تم تحضير نماذج بإضافة LiF الى HDPE و بنسب حجمية مختلفة من هذه الأملاح مع البوليمر و بسماك مختلف . 

     أشارت النتائج الى ان ثابت العزل , الفقدان العزلي و التوصيلية الكهربائية المتناوبة تتغير بتغير النسبة الحجمية للملح المضاف و تردد المجال الكهربائي المسلط .
Introduction
       Polymers have traditionally been considered as insulating materials by chemists and physicists alike . A conducting polymer is chewable and desirable . A light weight ready moldable, desirable conductive material has long been recognized as a worthwhile goal to work for[A.R.Blyth,1979,M. V. Ramos et al,2005].Researches, generally, have demonstrated that conductive polymers can be used as energy storage element in:[ Seanor,1982, Alvarez et al,2008]                                                  
1- Capacitors and Secondary batteries .                                                                
                                           2- As semiconductor material in schottky diode. 
3- Insulated gate field effect transitions (FET) and light emitting diodes.
4- As conductive layer for electromagnetic shelding (EMI) and                                           electrostatic protection.           
      Intensive studies have been carried out on conductive polymer composites owing to their potential applications as antistatic materials , self-regulating heaters , gas sensor, etc. It is found that the electrical performance of the materials is highly dependent on composites microstructure in addition to the nature of fillers[Shui et al,2004]. This paper deals with results of the effect of LiF on the dielectric constant , dielectric loss and electrical conductivity of the HDPE-LiF composites over a range of frequency.                                                                                                          
Experimental work
         The materials used in the paper are high density polyethylene as matrix and Lithium florid as a filler.

  The electronic balanced of accuracy 10-4 have been used to obtain a weight amount of LiF powder and polymer powder .  These mixed by Hand Lay up and the Microscopic Examination used to obtain homogenized mixture .The volume percentages of LiF which eguivalent weight percentages are (0,15.5,16.26,19.37,22.77,26.5,30.6,35.1and 37.09) vol% The Hot Press method used to pressure the powder mixture. The mixture  of  different LiF percentages has been compacted at temperature 120oC under a pressure 100 par for 10 minutes . It is cooled to room temperature , the samples were disc shap of a diameter about 30mm and thickness ranged between (1.83-2.15) mm.      
The dielectric  properties of HDPE-LiF composites were measured using (Agilent impedance analyzer 4294A ).
    In the frequency range 40-1.5×106 Hz at room temperature.The measured capacitance, C(w) was used to calculate the dielectric constant ,έ(w) using the following expression:

……………………..(1)    
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έ(w) =C(w)  
Where d is sample thickness  and A is surface area of the sample . whereas for dielectric loss ε"(w) :                                                                                                                                        ε"(w) = έ(w) × tanδ(w)  ……………..(2)                           
Where tanδ(w) is dissipation  factor .

Can be calculated using the following equation :  
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Where εo is the permittivity of free space and w is the angular frequency . 
Results 
       The variation of dielectric constant for HDPE-LiF composites of different LiF concentration as function of frequency at room temperature is shown in figure (1) , at lower frequency range the dielectric constant of composite depends on frequency . Between 40-100kHz the dielectric constant of composite increases by decreasing  the frequency for all volume fraction of LiF compare to other frequencies , the dielectric constant is independent of frequency at higher frequency range for all volume fraction of composite . The value of dielectric constant increase with volume fraction of LiF.From high frequency dielectric analysis it is clear that the increase in dielectric constant is attribute to increase in dipolar contribution which arises from LiF and the dielectric constant of composite is less than dielectric constant of LiF. But of lower frequency range in addition to the dipolar contribution there must be some other
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 polarization contributes to increase in dielectric constant which also depends on the frequency. Since the dielectric constant depends on frequency , the possibility of existence of inter-phase has been ruled out . So the extra polarization arises from space charge polarization. At low frequency region in addition to polarization due to HDPE and LiF , the space charge polarization plays a major role in increasing dielectric constant of composite[Chiteme et al,2005, Hamzah et al, 2009]. The space charge polarization arises from the LiF/HDPE interfaces. The  effect of LiF concentration on dielectric constant of  HDPE-LiF composites at 100kHz  is shown in figure (2). The dielectric constant increases with volume fraction of LiF at 100kHz Since the dielectric constant of LiF is greater than HDPE , we observed increase in dielectric constant with volume fraction of LiF. The increase in dielectric constant 
[image: image12.emf]4.00E-10

9.00E-10

1.40E-09

1.90E-09

2.40E-09

2.90E-09

3.40E-09

3.90E-09

0 5 10 15 20 25 30 35 40

LiF vol%

conductivity 

(

ohm

.

cm

)-

1

Figure (5) variation of A.C electrical conductivity with 

LiF vol% concentration for(HDPE-LiF) composite


with volume fraction of LiF at 100kHz supports the fact of the space charge polarization contribution . The dielectric constant of composite increases with addition of LiF reflects the formation of capacitance network of LiF. As the volume fraction of LiF increases capacitance network also increases[Harun et al, 2008, Raghavendra et al,2008]. 
       The variation of the dielectric loss of HDPE-LiF composites as a function of frequency at room temperature is shown in figure (3) , the values of 
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 are high for frequencies below 1kHz , and decreasing with frequency up to 25kHz and increases to reach maximum . At higher frequency 
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 starts to increase to even higher value . The osillatory behavior of 
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 may be due to some relaxation processes which usually occur in heterogeneous system. The relaxation peak at 100kHz is appears clealy in all low LiF concentration on specimens. The increasing of LiF concentration increases the height of the peak and increasing its broadness for these specimens. This is due to
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 the overlapping of relaxation process which are attributed to some structural changes that take place in the composite as result of filler addition . The increasing of the peak height of 
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with increasing LiF concentration indicates the enhancement of conductivity in these specimens , i.e. enhancement of losses . The decrease of 
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 in low frequency region is attributed to interfacial polarization caused by the heterogeneous nature of the system, while the sharp increase of 
[image: image9.wmf]e

"

, at high frequency region is due to setting of ohmic conductivity of charge carrier [Raghavendra et al,2007, Pillal,1980, Satapathy et al,2008] . The variation of AC electrical conductivity of  HDPE-LiF composites as a function of the frequency at room temperature is shown in figure (4) . The conductivity 
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is the increases with increasing frequency . This behavior can be explained in terms of polarization effect and hopping ,i.e. a polarization effect since the LiF concentration is insufficient to form an infinite network, i.e. the polarization effect between these finite network(cluster) as well as hopping of the electron between adjacent states , randomly distributed within these finite network[Vishnuvardhan et al, 2006, Jovic et. al, 2007, Karmakar et al,2008].
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The variation of electrical conductivity as a function of the volumetric filler content at room temperature and at 100kHz is shown in figure (5) . The figure shows that when LiF vol. % content increases the value of the bulk increases.This result can be 
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Attributed to the increase in conductivity as a result of the increase charge carrier density in polymer matrix [G. Shui et al,2004, M. P. Alvarez et al,2008] .
Conclusions
 1. The dielectric constant decreasing with increases the frequency and increases                                with LiF vol.% content .
2. The dielectric loss is oscillatory in the whole frequency region and increase with             increasing LiF vol.% content .

3. The AC electrical conductivity of HDPE-LiF composites is increases                            with  increasing frequency of applied electrical field and LiF vol.%  content .
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		15.43		1.22E-07		2.13E-07		2.51E-07		2.49E-07		3.12E-07		3.63E-07		3.82E-07		3.90E-07		4.09E-07		15.43		7.69E-09		1.34E-08		1.58E-08		1.57E-08		2.28E-08		2.28E-08		2.40E-08		2.45E-08		2.57E-08

		15.65		1.57E-07		2.94E-07		3.36E-07		3.28E-07		4.04E-07		4.78E-07		5.00E-07		5.15E-07		5.33E-07		15.65		9.84E-09		1.84E-08		2.11E-08		2.06E-08		3.00E-08		3.00E-08		3.14E-08		3.23E-08		3.35E-08

		15.87		2.17E-07		3.78E-07		4.58E-07		4.62E-07		5.13E-07		6.11E-07		6.53E-07		6.59E-07		6.87E-07		15.87		1.36E-08		2.37E-08		2.87E-08		2.90E-08		3.83E-08		3.83E-08		4.10E-08		4.14E-08		4.31E-08

		16.06		2.77E-07		4.81E-07		5.67E-07		5.80E-07		6.82E-07		8.05E-07		8.20E-07		8.60E-07		8.74E-07		16.06		1.74E-08		3.02E-08		3.56E-08		3.64E-08		5.05E-08		5.05E-08		5.15E-08		5.40E-08		5.49E-08

		pure		15.5 vol%		16.26 vol%		19.37 vol%		22.77 vol %		26.5 vol%		30.6 vol%		35.1 vol%		37.09 vol%		Freq		pure		15.5 vol%		16.26 vol%		19.37 vol%		22.77 vol %		26.5 vol%		30.6 vol%		35.1 vol%		37.09 vol%

		2.99E-12		5.96E-12		7.61E-12		8.87E-12		1.02E-11		1.13E-11		1.31E-11		1.71E-11		1.89E-11		5.5262494346		1.88E-13		3.74E-13		4.78E-13		5.57E-13		6.40E-13		7.12E-13		8.25E-13		1.08E-12		1.19E-12

		2.18E-09		2.18E-09		2.33E-09		2.63E-09		3.23E-09		4.89E-09		6.36E-09		9.71E-09		1.16E-08		11.9640010843		1.37E-10		1.37E-10		1.46E-10		1.65E-10		2.03E-10		3.07E-10		4.00E-10		6.10E-10		7.29E-10

		4.72E-09		4.79E-09		4.90E-09		5.77E-09		7.32E-09		1.23E-08		1.41E-08		2.02E-08		2.27E-08		12.6571482649		2.96E-10		3.01E-10		3.08E-10		3.62E-10		4.60E-10		7.71E-10		8.83E-10		1.27E-09		1.42E-09

		7.60E-09		7.73E-09		7.94E-09		9.39E-09		1.18E-08		2.00E-08		2.29E-08		3.18E-08		3.55E-08		13.062613373		4.77E-10		4.85E-10		4.99E-10		5.90E-10		7.41E-10		1.26E-09		1.44E-09		2.00E-09		2.23E-09

		1.03E-08		1.19E-08		1.24E-08		1.43E-08		1.91E-08		3.05E-08		3.54E-08		4.47E-08		4.78E-08		13.3502954455		6.48E-10		7.46E-10		7.77E-10		8.98E-10		1.20E-09		1.91E-09		2.23E-09		2.81E-09		3.00E-09

		2.28E-08		2.33E-08		2.41E-08		3.17E-08		3.73E-08		6.35E-08		7.19E-08		9.15E-08		9.80E-08		14.043442626		1.43E-09		1.46E-09		1.51E-09		1.99E-09		2.34E-09		3.99E-09		4.51E-09		5.75E-09		6.15E-09

		4.92E-08		4.73E-08		5.33E-08		7.12E-08		8.49E-08		1.36E-07		1.48E-07		1.89E-07		2.11E-07		14.7365898066		3.09E-09		2.97E-09		3.35E-09		4.47E-09		5.33E-09		8.54E-09		9.26E-09		1.19E-08		1.33E-08

		8.85E-08		8.06E-08		8.92E-08		1.24E-07		1.47E-07		2.06E-07		2.38E-07		3.02E-07		3.19E-07		15.1420549147		5.56E-09		5.06E-09		5.60E-09		7.81E-09		9.25E-09		1.29E-08		1.49E-08		1.89E-08		2.01E-08

		1.23E-07		1.16E-07		1.31E-07		1.76E-07		2.12E-07		2.86E-07		3.24E-07		4.08E-07		4.47E-07		15.4297369871		7.74E-09		7.32E-09		8.23E-09		1.11E-08		1.33E-08		1.80E-08		2.04E-08		2.56E-08		2.81E-08

		1.67E-07		1.58E-07		1.78E-07		2.37E-07		2.84E-07		3.82E-07		4.25E-07		5.22E-07		5.70E-07		15.6528805384		1.05E-08		9.94E-09		1.12E-08		1.49E-08		1.78E-08		2.40E-08		2.67E-08		3.28E-08		3.58E-08

		2.25E-07		2.17E-07		2.54E-07		3.24E-07		3.83E-07		4.88E-07		5.40E-07		6.58E-07		7.18E-07		15.8760240898		1.42E-08		1.36E-08		1.60E-08		2.04E-08		2.41E-08		3.06E-08		3.39E-08		4.13E-08		4.51E-08

		2.90E-07		3.12E-07		3.42E-07		3.98E-07		4.91E-07		6.30E-07		6.86E-07		7.96E-07		8.50E-07		16.0583456466		1.82E-08		1.96E-08		2.15E-08		2.50E-08		3.09E-08		3.96E-08		4.31E-08		5.00E-08		5.34E-08

		Freg		Freq		Freq		pure		14.6 vol%		17.66 vol%		21 vol%		24.6 vol%		28.5 vol%		32.75 vol%		37.4 vol%		39.4 vol%				log(w)		pure		15.5 vol%		16.26 vol%		19.37 vol%		22.77 vol %		26.5 vol%		30.6 vol%		35.1 vol%		37.09 vol%

		40		251.2		5.5262494346		-12.7289126488		-12.3971543341		-12.264989105		-12.1790679113		-12.0979665676		-12.0979665676		-12.0652088521		-12.0049197583		-11.9417924229				3.5457478408		-12.7259858798		-12.4269529783		-12.3208452096		-12.2539747693		-12.1938320779		-12.1472588251		-12.0835805226		-11.9678648725		-11.9252523793

		2.50E+04		157000		11.9640010843		-9.9818224004		-9.7261223148		-9.6600582041		-9.619432761		-9.4175971015		-9.4175971015		-9.3634260998		-9.3493012052		-9.2670624259				4.318937729		-9.8637631956		-9.8643994282		-9.8350499182		-9.7816356836		-9.6923285425		-9.5125920835		-9.3984282606		-9.2147442036		-9.13715577

		5.00E+04		314000		12.6571482649		-9.5495735386		-9.3946873371		-9.2786372637		-9.2645896697		-9.0836036664		-9.0836036664		-9.0171616231		-9.0211922141		-8.9507282832				4.3750271957		-9.5281664515		-9.5220604026		-9.5119790171		-9.4407328446		-9.337381569		-9.1131462436		-9.0542465875		-8.8965148739		-8.8464087955

		7.50E+04		471000		13.062613373		-9.2995707676		-9.1881166473		-9.0486645798		-9.0459032836		-8.8570707173		-8.8570707173		-8.8023943198		-8.8071825899		-8.7505732369				4.4069241043		-9.3213936566		-9.3138962591		-9.3023336386		-9.2292119919		-9.1304160577		-8.900979961		-8.8414620884		-8.6996487461		-8.651266725

		1.00E+05		628000		13.3502954455		-9.1574378864		-8.9851174089		-8.9023740124		-8.8506054678		-8.6368149214		-8.6368149214		-8.6179240704		-8.5965133702		-8.5597024825				4.4288863653		-9.1884742974		-9.1274689151		-9.1093477767		-9.0468106277		-8.9213186104		-8.7183603626		-8.652658172		-8.5519991266		-8.5225079871

		2.00E+05		1256000		14.043442626		-8.8198269344		-8.6106028615		-8.5235247086		-8.5214184299		-8.3396948653		-8.3396948653		-8.3087880658		-8.2881073541		-8.2451408705				4.4792803791		-8.8447612554		-8.8351749243		-8.8206364439		-8.7003923872		-8.6299416495		-8.3994280681		-8.3453730809		-8.2404185364		-8.2109339496

		4.00E+05		2512000		14.7365898066		-8.4815453283		-8.2611171598		-8.168451761		-8.1800122318		-8.0159829065		-8.0159829065		-7.9698144678		-7.9646122443		-7.9160826908				4.527256211		-8.5102553642		-8.526951569		-8.4749352392		-8.3493164455		-8.2733148112		-8.0684599364		-8.0331600138		-7.9258083983		-7.8767710545

		6.00E+05		3768000		15.1420549147		-8.2663598103		-8.0223105179		-7.9551406569		-7.9669843352		-7.7973725239		-7.7973725239		-7.7680993976		-7.7520623816		-7.7323773653				4.5547102285		-8.2549111394		-8.2957214796		-8.2517865241		-8.1075447709		-8.0338228678		-7.888578104		-7.8260696447		-7.7224995952		-7.697667374

		8.00E+05		5024000		15.4297369871		-8.1140106384		-7.8733835453		-7.8024479645		-7.8050359564		-7.6416363123		-7.6416363123		-7.6201930574		-7.6114169492		-7.5901089765				4.5736836469		-8.1114825284		-8.1357703522		-8.0844012264		-7.9555319276		-7.8762989841		-7.7449687884		-7.6913318462		-7.5917976571		-7.5520380152

		1.00E+06		6280000		15.6528805384		-8.007093323		-7.7342724715		-7.675999759		-7.6855539011		-7.5222210442		-7.5222210442		-7.5029991335		-7.4903950691		-7.4751339257				4.5878408975		-7.9788560354		-8.002682916		-7.950589519		-7.8264370906		-7.7492453198		-7.6201407373		-7.5734869364		-7.4843939814		-7.4465428149

		1.25E+06		7850000		15.8760240898		-7.8653285246		-7.6249738677		-7.5415809153		-7.5370084428		-7.4163326359		-7.4163326359		-7.3870021587		-7.3834595159		-7.3653251718				4.601800515		-7.8489149957		-7.8656746964		-7.7964310739		-7.6913693653		-7.6186760603		-7.5140238678		-7.4695179357		-7.3840792122		-7.3459691436

		1.50E+06		9420000		16.0583456466		-7.7600296276		-7.5202032777		-7.4486411646		-7.4386565432		-7.2964657257		-7.2964657257		-7.2880877637		-7.2677191939		-7.2607451309				4.613701689		-7.740390288		-7.7073140393		-7.667722279		-7.6026671701		-7.5107439813		-7.4026591367		-7.365549139		-7.3012871776		-7.2728365873
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Figure (4) variation of A.C electrical conductivity Frequency for   ( HDPE-LiF) composite
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Figure (4-24) variation of A.C electrical conductivity Frequency for   ( HDPE-LiF) composite
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Figure (4-23) variation of A.C electrical conductivity Frequency for   ( PS-LiF) composite
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Figure (4-20) variation of A.C electrical conductivity Frequency for   ( HDPE-LiF) composite

pure

15.5 vol%

16.26 vol%

19.37 vol%

22.77 vol %

26.5 vol%

30.6 vol%

35.1 vol%

37.09 vol%

ln(w)

log(conductivity)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0



Figure (4-19 variation of A.C electrical conductivity Frequency for   ( PS-LiF) composite

pure
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Figure (4-17) variation of A.C electrical conductivity Frequency for   ( PS-LiF) composite

pure
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Figure (4) variation of A.C electrical conductivity Frequency for   ( PS-LiF) composite

pure
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Figure (3) Variation of dielectric loss with frequency for (HDPE-LiF) composite

pure
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Figure (3) Variation of dielectri loss with frequency for (HDPE-LiF) composite
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Figure (2)Variation dielectric constant with LiF concentration at 100kHz for (HDPE-LiF) composite
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Figure (2)Variation dielectrical constant with LiF concentration at 100kHz for (HDPE-LiF) composite
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Figure (1) Variation dielectric constant with frequency  for (HDPE-LiF) composite
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Figure (1) Variation dielectrical constant with frequency  for (HDPE-LiF) composite
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Figure (1) Variation dielectrical constant with frequency  for    (PS-LiF) composite
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Figure (1) Variation dielectrical constant with frequency  for  (HDPE-LiF) composite
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