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Abstract: The addition of fillers in composite of epoxies, improves the dielectric response of the epoxies. The dielectric 

properties of unfilled and filled composites of epoxy resins have been studied as a function of thickness in the frequency 
range 10

-1
 Hz to 10

5
 Hz at room temperature. The response of the unfilled samples shows that the composites behave 

as an insulator for all thickness. In filled composites at small thickness (0.32 mm) the response shows a loss peak in low 

frequency regime. The peak is broader than the Debye loss peak which is obscured by the dc conductance. At 
frequencies greater than p the response shows a well defined power law behaviour after the subtraction of C . Similar 
behaviour has been observed at different thickness.  
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INTRODUCTION  

Epoxy resin has high strength, good stiffness, good 

thermal stability, excellent heat, moisture, and chemical 

resistance; therefore they are applied in the field of 

coating, adhesive, casting, potting composite, 

laminates and encapsulation of semiconductor devices 

[1, 2]. Epoxy resin is used for moulding integrated 

circuits, transistors hybrid circuits, and making printed 

circuit boards [3]. However the increase in electrical 

conductivity in filled epoxy has opened up the 

possibility of new application for polymers such as 

solder replacement, interconnection, sealing, electrical 

shielding, various electronic components bonding, 

fastening and brazing [4, 5]. Nowadays a great 

economic interest in materials has developed because 

of their technological applications as temperature or 

current sensors [6], flooring materials to dissipate static 

electric charge [7], pressure sensitive sensors which 

can be used for shockproof switches [8], sensors for 

the measurement of vehicle weight to collect toll tax on 

roads [9], heater [10], antistatic coating and 

electromagnetic radiation shielding.  

In the present work the dielectric properties of 

composite of epoxy resin with and without fillers are 

investigated in a wide range of frequencies at different 

thickness. To investigate the effect of fillers in 

composites of epoxy resin, dielectric measurements 

are performed in the frequency range from 10
-1

 Hz to 

10
5
 Hz at room temperature as a function of frequency 

and thickness [11-13]. 

 

 

*Address correspondence to this author at the Department of Applied Physics, 
University of Karachi, Karachi-75270, Pakistan; Tel: 92-21-99261300-7,  
ext 2258, 2564; E-mail: farida_q2000@yahoo.com 

 

EXPERIMENTAL DETAILS 

The materials used in this study are epoxy resin as 

polymer matrix supplied by Buxly Paints Karachi and a 

filler Kevlar 49 Aramid staple.9 supplied by Du Pont De 

Nemours & Co. The polymer matrix was Bisphenol-A 

based epoxy resin of type SF-10, Viscosity of the 

epoxy is 104 KU at room temperature [14] and the 

fillers kevlar fiber have following characteristics: the 

mean length of the fibers is 1mm, and diameter 12-15 

μm [15]. The unfilled and filled composites have been 

made with equal proportion of resin and hardener. In 

the filled composites the fillers were added by 5% of its 

weight. Thickness of the samples ranges from 0.32mm 

to 0.62mm. The method of preparation of the samples 

is described in detail in [16]  

The dielectric measurements were performed on an 

automated system for recording inphase and 

quadrature component of current as a function of 

frequency. The details of equipment are given in [17]. 

The data has been recorded in the frequency range 

from 10
-1

 Hz to 10
5
 Hz, with a voltage of 0.7Vrms and 

zero dc bias at room temperature. Each sample was 

placed in a sample holder and the sample holder was 

placed in the dessicator so that the humidity level 

remains constant. 

RESULTS  

The dielectric response of filled epoxy resin as a 

function of thickness is shown in Figure 1, the 

thickness ranges from 0.32mm to 0.62mm. The loss 

response shows that for all thickness the value of 

exponent n increases with the increase in thickness 

(Figure 1). This behavior is different from the behavior 

of the unfilled samples as shown in the dielectric  
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Figure 1: Dielectric response of four different samples of 
thickness ranges from 0.32mm to 0.62mm of set3 with zero 
bias at room temperature. The loss points are shown by ( ) 
and the capacitance by ( ). The successive curves are 
placed vertically by three to five decades. The symbols are 
the experimental values and the line through the points is 
theoretical fit. 

 

response in Figure 2 in this case the thickness ranges 

from 0.36mm to 0.56mm. For filled composites the 

response shows that as the thickness increases the 

density of low mobility charge carriers increases. In 

polymers the presence of weak Van der Waals bonds 

gives rise narrow allowed bands with corresponding 

high effective masses of charge carriers. These charge 

 

 

Figure 2: Dielectric responses of the matrix have equal 
proportion of resin and hardener set1of four different 
thicknesses. The range of thickness is 0.36mm to 0.56mm. 
The loss points are shown by ( ) and the capacitance by ( ). 
The successive curves are placed vertically by four to five 
decades. The symbols are the experimental values and the 
line through the points is theoretical fit. 
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carrier together with the presence of disorder, 

contribute to the processes of localization. In filled 

samples at thickness 0.32mm and 0.42mm there is an 

appearance of loss peak in the low frequency region 

near 30 Hz, which is obscured by the dc conductance. 

For all thickness the capacitance C’( ) changes very 

slowly in the whole frequency range, whereas for the 

thickness 0.32mm and 0.42mm there is a kink in the 

C’( ) 10 Hz, which is a dipolar response. For the whole 

range of thickness the series resistance effect is 

prominent in the high frequency region above 10
3
 Hz.  

Figure 3 shows the dielectric response of the filled 

sample have a thickness 0.32mm the value of 

exponent n for the loss data is 0.18 in the frequency 

range of 30 Hz to near 10
3
 Hz below 50 Hz there is an 

appearance of loss peak which is obscured by the dc 

conductance Go/  because below 50 Hz the loss factor 

rises steeply with slope -1 leaving the real part 

independent of frequency. The subtraction of the dc 

conductance from the loss data gives the loss peak 

near 10 Hz (Figure 4). The response shows extended 

dipolar effect with m slope at less than p equals 0.82 

and n slope at greater than p equals 0.18 or 

symmetric response with m=1-n [18-21]. The sample 

follows power law behavior in the range of 50 Hz to 10
3
 

Hz showing less dispersive behavior in this range, the 

subtraction of C  from the data of real values gives K-K 

compatibility between dielectric loss and capacitance in 

the frequency range of 50 Hz to about 10
3
 Hz shown in 

Figure 5. For this process we choose value of C  

3.6378 e
-12

 farads such that the subtraction of this 

value brings the points to their proper position up to the 

low frequency range at the room temperature the value 

of C  agrees with the geometrical value C 3.98 e
-12

 

farads having relative permittivity of 3.6. 

 

Figure 3: Dielectric response of sample of thickness 0.32mm 
of set3 with zero dc bias, the line through the points is 
theoretical fit shows that the value of n is different in low 
frequency region and high frequency region. 

 

Figure 4: Dielectric response of sample of thickness 0.32 of 
set3, subtraction of dc conductance from the loss gives a 
symmetrical loss peak shown by the symbol . 

 

 

Figure 5: Dielectric response of sample of thickness 0.32mm 
of set3, Subtraction of C  from high frequency capacitance 
brings capacitance parallel to loss in high frequency region 
shown by symbol . The line through the points is theoretical 
fit. 

C  is the frequency independent capacitance 

arising from the hopping of ions. The subtraction of 

suitable value of C  from the data gave a well defined 

power law over in the frequency range from 50 Hz to 

about 10
3
 Hz that is two responses are separated by 

Cot (n /2)=3.65 distance with a slope of n-1.  

Figure 6 shows the dielectric response of filled 

samples of thickness 0.42mm. The response shows 

that below 10 Hz the slope of the dielectric loss is -1 

and the real data is frequency independent similar 

trend as of thickness 0.32 of filled samples. In the 

frequency region below 50 Hz there is an appearance 

of loss peak which is obscured by the dc conductance 

Go/  below the frequency 10 Hz. The subtraction of the 

dc conductance from the loss data gives the loss peak 

near 30 Hz (Figure 7). The response shows extended 

dipolar effect with a slope m<1-n or m equals 0.68 and 

n equals 0.27. The response follows power law 
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behavior in the frequency range 10 Hz to 500 Hz the 

subtraction of C  from the data of real values of 

capacitance gives K-K compatibility between dielectric 

loss and capacitance in the frequency range of 10 Hz 

to about 500 Hz that is the real data parallel to the loss 

data in the defined frequency range with a separation 

cot (n /2)=2.21 as shown in Figure 8 we choose C  

3.331 e
-12

 farad the value of C  agrees with the 

geometrical value C = 3.0356 e
-12

 farads having 

relative permittivity of 3.6. 

Figure 9a and 9b shows the dielectric response of 

filled samples having thickness 0.50 mm and 0.62 mm 

respectively. For the filled sample having thickness 

0.50mm the response shows that in the frequency 

region below 300 HZ the loss data has a slope of 0.31 

and above 300 Hz series resistance shows a prominent 

effect. For this sample transition frequency is 9.8 10
-1

 

Hz. For the whole range of frequency the real data 
varies between minimum 2.2891 e

-12
 farads to 

maximum 8.1686 e
-12

 farads. The response of the filled 

 

Figure 6: Dielectric response of sample of thickness 0.42mm 
of set3 with zero dc bias, the line through the points is 
theoretical fit shows that the value of n is different in low 
frequency region and high frequency region. 

 

 

Figure 7: Dielectric response of sample of thickness 0.42, 
subtraction of dc conductance from the loss gives a loss peak 
shown by the symbol . 

 

Figure 8: Dielectric response of sample of thickness of set3 
subtraction of C  from the high frequency capacitance brings 
capacitance parallel to loss data in high frequency region 
shown by symbol . The line through the points is theoretical 
fit. 

 

 

(a) 

 

(b) 

Figure 9: Dielectric response (a) thickness 0.52mm and (b) 
thickness 0.6mm of set3 the line through the points is 
theoretical fit. 
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sample having 0.62mm shows that the loss data has 

exponent n=0.45 in the frequency range below 10
3
 Hz. 

In the whole frequency range the corresponding loss 

data has a value less than the capacitance data as 

shown in Figure 9b. The capacitance varies between 

maximum 7.4859 e
-12

 farads to minimum 4.0159 e
-12

 

farads. 

DISCUSSION 

The response of unfilled epoxy resin having equal 

proportion of resin and hardener has exponent m 

tending to zero at small thickness corresponds to 

weakly correlated flip-flop transition [22, 23]. The 

increase in exponent m with the increase in thickness 

reflects strong correlated flip-flop transition due to the 

increase in chain length of the composite that changes 

structural order of the epoxy resin. As the chain length 

increases the composite becomes heavily cross-linked 

material having dense three-dimensional network of 

covalent bonds in them, with little freedom for motion 

by the individual segments of molecules involved in 

structure [20].  

Addition of the filler content of Kevlar fiber in the 

composite of epoxy resin, results in a small change in 

the loss and capacitance values at large thickness 

(greater than 0.5mm) in the low frequency region. The 

weak dependence of the loss and capacitance from the 

organic filler is because of close value of permittivity of 

epoxy resin and Kevlar fiber [24-28]. 

There is a clear loss peak at 10Hz in the response 

of filled sample of thickness 0.32mm (Figure 4) which 

appears after the subtraction of dc from loss with a 

slope m=0.82 at the frequencies smaller than the loss 

peak and with a slope n=0.18 at the frequencies 

greater than the loss peak. The loss peak frequency p 

shift to 30 Hz with a slope m=0.68 at the frequencies 

smaller than the loss peak and with a slope n=0.27 at 

the frequencies greater than the loss peak when the 

thickness is increased (Figure 7). The response of the 

filled samples of small thickness follows the power law 

behaviour with a separation of cot n /2 above the loss 

peak frequency p after the subtraction of high 

frequency capacitance [28-35].  

CONCLUSION 

The dielectric response of filled samples depict that 

at small thickness (thickness ranges 0.46mm to 

0.32mm) the system follows the extended hopping 

which obey the universal law at frequencies above loss 

peak p up to 1KHz and their response below loss 

peak and above 1KHz is governed by a second power 

law relation, this relation is limited by the onset of direct 

conduction below 10Hz, while at frequencies above 1 

KHz by a perturbing processes arising from the 

presence of some series resistance of the system.  

Concerning the frequency dependence of the loss in 

filled specimens with samples of unfilled epoxy resin in 

the frequency region above the loss peak frequency p 

the response follows the power law behaviour with a 

separation of cot n /2 after the subtraction of high 

frequency capacitance, which confirms that the 

response follows bound charge dipolar behaviour. 

REFERENCES 

[1] Kang S, Hong S, Choe CR, Park M, Rim S, Kim J, 
Preparation and characterization of epoxy composites filled 
with functionalized nanosilica particles obtained via sol-gel 
process. Polymer 2001; 42: 879. 

[2] Punchaipetch, Ambrogi V, Giamberini M, Brostow W, 
Carfagna C, D'Souza NA. Epoxy+liquid crystalline epoxy 
coreacted networks: I. Synthesis and curing kinetics. Polymer 
2001; 42: 2067.  

[3] Kraig M. Complete PCB Design Using OrCAD Capture and 
PCB Editor. Burlington, MA: Elsevier, Inc. 2009; pp. 9-10. 

[4] Lau JH. Flip Chip Technologies; McGraw Hill: New York, NY, 
USA 1996; pp. 223-267. 

[5] Manzione LT. Plastic Packaging of Microelectronic Devices; 
Van Nostrand Reinhold: New York, NY, USA 1990; pp. 81-
89. 

[6] Feng J, Chan C-M. Positive and negative temperature 

coefficient effects of an alternating copolymer of 
tetrafluoroethylene-ethylene containing carbon black-filled 

HDPE particles. Polymer 2000; 41: 7279. 

[7] Ventura G, Bianchini G, Gottardi E, Peroni I, Peruzzi A. 

Thermal expansion and thermal conductivity of Torlon at low 
temperatures. Cryogenics 1999; 39: 481. 

[8] Eytan G, Rosenbaum R, McLachlan DS, Albers A. Resistivity 
and magnetoresistivity measurements near the metal-
insulator and superconductor-insulator transition in granular 
Al-Ge. Phys Rev B 1993; 48: 6342.  

[9] Hassan HH, Abdel-Bary EM, El-Mansy MK, Shash NM. 
Enhancement of the thermal stability of chemically 
synthesized polypyrrole. Appl Phys Commun 1989-1990; 
9(4): 267. 

[10] Child AD, Kuhn HH. Enhancement of the thermal stability of 
chemically synthesized polypyrrole. Synth Met 1997; 84: 141. 

[11] Omar MA. Elementary Solid State Physics Principals and 
Application, Addision -Wesley Publishing Company, London 
1975.  

[12] Wade LG Jr. Organic Chemistry, Fourth Edition, Prentice 
Hall, New Jersey, USA 2000.  

[13] Dekker AJ. Solid State Physics, Macmillan, London 1969. 

[14] Du Pont De Nemours & Co (Inc.), Product data sheet. 

[15] Buxly Paints Limited, X/3, SITE, Manghopir Road, P.O. Box. 
3630, Karachi.  

[16] Farrukh F, Zaidi SH. Dielectric Spectroscopy of Composites 
of Epoxy Resin. J Basic Appl Sci 2013; 9: 348-351. 

[17] Hussain, Arshad, M. Phil. Thesis, Karachi University 1997. 

 



460    Journal of Basic & Applied Sciences, 2014, Volume 10 Farrukh and Zaidi 

[18] Nicholson JW. The Chemistry of Polymers, Second Edition, 

The Royal Society of Chemistry, Turpin Distribution Services 
limited, Blackhorse Road, UK 1997. 

[19] Tsangaris GM, Psarras GC. Permittivity and loss of 
composites of epoxy resin and Kevlar fibers. Adv Comp Lett 
1995; 4(4): 125. 

[20] Jonscher AK. Dielectric Relaxation in Solids, Chelsea 
Dielectrics Press, Bristol, London 1983.  

[21] Jonscher AK. The “Universal” Dielectric Response: Part II, 
UK 1990; Vol. 6(3): p. 24. 

[22] Böttger H, Bryskin UV. Hopping conduction in solids, 
Akademie Verlag, Berlin 1985; pp. 169-213. 

[23] Bakr AA, North AM. Charge carriers hopping in Poly 
(arylenevinylenes). Eur Polym Sci 1977; 13: 799-803. 
http://dx.doi.org/10.1016/0014-3057(77)90025-8 

[24] Paipetis SA, Tsangaris GM, Tsangaris JM. Polym Commun 
1983; 24: 373. 

[25] Tsangaris GM, Psarras GC, Kouloumbi N. Modelling the 

dielectric behaviour of composites of epoxy resin and Kevlar 
fibers. Adv Comp Lett 1995; 4(6): 175-180. 

[26] Tsangaris GM, Psarras GC, Kouloumbi N. Evaluation of the 
dielectric behaviour of particulate composites consisting of a 

polymeric matrix and conductive filler. Mater Sci Technol 
1996; 12: 533-538. 
http://dx.doi.org/10.1179/mst.1996.12.7.533 

[27] Malecki J, Hilczer B. Dielectric behavior of polymers and 
composites. Ferroelectr Polym Ceram-Polym Compos 1994; 
92-99: 181-215. 

[28] Johari GP. In Disorder Effects on Relaxation Processes, Ed 

by Richert R and Blumen A, Springer, Berlin 1994; pp. 627-
657. 
http://dx.doi.org/10.1007/978-3-642-78576-4_23 

[29] Jonscher AK. Review article, Dielectric relaxation in solids. J. 
Phys D: Appl Phys Vol 1999; 32: R57. 

[30] Hill RM, Pickup C. Barrier effects in Dispersive Media, The 
Dielectric Group, Chelsea College, London SW6 5PR. 

[31] Reid JD, Buck RP. Dielectric properties of an epoxy resin 

and its composite II. Solvent effects on dipole relaxation. J 
Appl Polym Sci 1987; 33(7) 2293-2303. 

[32] Psarras GC, Manolakaki E, Tsangaris GM. Dielectric 
dispersion and ac conductivity in—Iron particles loaded—
Polymer Composites 2003; 34(12): 1187-1198.  

[33] Tsangaris GM, Psarras GC, Kontopoulos AJ. Dielectric 

permittivity and loss of an aluminum-filled epoxy resin. J Non-
Cryst Solids 1991; 31: 1164-1168. 
http://dx.doi.org/10.1016/0022-3093(91)90747-T 

[34] Baziard Y, Breton S, Toutain S, Gourdenne A. Dielectric 

properties of aluminium powder-epoxy resin composites. Eur 
Polym J 1988; 24: 521-526. 
http://dx.doi.org/10.1016/0014-3057(88)90043-2 

[35] La Mantia FP, Schifani R, Acierno D. Effect of a filler on the 
dielectric properties of an epoxy resin. J Appl Polym Sci 

1983; 28(10): 3075-3080. 
http://dx.doi.org/10.1002/app.1983.070281007 

 

 

Received on 16-06-2014 Accepted on 16-09-2014 Published on 03-10-2014 

 
http://dx.doi.org/10.6000/1927-5129.2014.10.60 

 
© 2014 Farrukh and Zaidi; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 

 

 


