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ABSTRACT 

The optical and thermal properties of prepared epoxy/silica composites with different concentration were studied. 

The optical properties were studied in the UV-visible wavelength range (400-800 nm). Thermal properties were studied as 

a function of temperature and filler content. The observed physical constants of the thin films like optical energy gap, 

energy gap tails, thermal conductivity, and thermal resistivity were determined. It was found that these measured quantities 

vary with the incident UV-wavelength, silica content, and temperature. The absorption coefficient and the optical band 

energy gap (Eopt) have been obtained from non-direct allowed transitions in k-space at room temperature. The width of the 

tails of localized states in the band gap (ΔE) was evaluated using the Urbach-edges method. It was found that both (Eopt) 

and (ΔE) vary with the concentration of silica in the composite. The thermal conductivity and thermal resistivity of 

epoxy/silica composite have been studied as a function of temperature. It was found that the thermal conductivity increases 

with temperature and silica concentration. 
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1. INTRODUCTION 

The thermal and optical characterization of glass 

particles composites is important to assess them to be used 

in some of the fabrication of optical devices and sensors 

components. It was found that the optical properties of the 

optical composites are highly affected by the glass particle 

size and its concentration in the bulk matrix. Also their 

thermal conductivity is expected to be affected in the same 

fashion. For example, to obtain optical composites 

requires optimum selection of the dispersed particles with 

optical properties similar to those of the surrounding 

matrix. It needs an experimental evidence to demonstrate 

the effect of a given filler concentration on the light and 

heat transmittance of a glass-particle dispersed in epoxy 

matrix. The major problem in engineering applications of 

polymers is their low stiffness and low strength when 

compared with metals. Their moduli are about 100 times 

lower and their strength is about 5 times lower than 

metals. There are many methods used to offset these 

deficiencies. One of these methods is the addition of 

reinforcing particles or fibers into a polymer resin to form 

a composite material. The word “composite” in a 

composite material signifies that two or more materials are 

combined on a macroscopic scale to form a useful 

material. The advantage of composites is that they usually 

exhibit the best qualities of their constituents and often 

some qualities that neither constituent possess. The 

composite consists of a reinforcement element, called 

“filler”, dispersed in a surrounding binder called "matrix". 

A good reinforcing additive has the following attributes 

[1]: 

 

a) It is stiffer and stronger than the polymer matrix. 

b) It has suitable particle size, shape and surface 

character for effective mechanical coupling to the 

matrix. 

c) It preserves the desirable qualities of the polymer 

matrix. The most important reinforcement    

composites is the fiber-reinforced composite, which 

contains fibers such as carbon fibers embedded inside 

a polymer matrix. It is possible to produce from 

composites high performance materials to be used 

successfully in various important technological 

applications [2]. 

Epoxy resins are the combination of bisphenol A 

and epichlorohydrin, which leads to formation of a linear 

polymer of relatively short chain containing two reactive 

groups, epoxide and hydroxyl. Epoxy resins have high 

chemical resistance to water, various solvents, acids and 

alkalies, and other chemicals. The reactive groups are 

comparatively widely spaced, resulting in high flexibility 

but at the same time, the presence of crosslink's accounts 

for toughness and heat resistance of the cured polymer. 

Furthermore, the polar nature of such groups as epoxides 

and hydroxyl contributes to good adhesion. Epoxy resins 

are most frequently used as coatings, adhesives, and glass-

fiber reinforced plastics. [3]  

Silica (silicon dioxide) is a three-dimensional 

network that is generated when every corner oxygen atom 

in each tetrahedron is shared by adjacent tetrahedra. Thus, 

the material is electrically neutral and all atoms have 

stable electronic structures. Under these circumstances the 

ratio of Si to O atoms is 1:2, as indicated by the chemical 

formula (SiO2). If these tetrahedra are arrayed in a regular 

and ordered manner, a crystalline structure is formed. 

There are three primary polymorphic crystalline forms of 

silica: quartz, cristobalite and triymite. Their structures are 

relatively complicated, and comparatively open; that is, 

the atoms are not closely packed together. As a 

consequence, these crystalline silicas have relatively low 

densities, for example, at room   temperature quartz has a 
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density of only 2.65 g/cm3. The strength of the Si-O 

interatomic bonds is reflected in a relatively high melting 

temperature, 1710ºC(3110ºF) [4]. 

 

2. EXPERIMINTAL WORK 

 

2.1 Materials and Composites Preparation 

The materials investigated in this study are 

epoxy/silica composites, and the epoxy resin used was: 

diglycidyl ether of bisphenol - A (DGEBA) with a 

molecular weight (Mn) of about 377 g/mol. The hardener 

was: 4,4, -diaminodiphenil sulfone (DDS). 

 

2.1.1 Silica powder preparation 

The silica used  in this study is white sand 

obtained from the south of Jordan. White sand contains a 

lot of impurities that have to be removed. The procedure is 

based on using heavy liquid separation in several steps. 

The white sand is mixed with Bromophorm (the density of 

which is higher than that of sand) in a separation's funnel, 

then he sand floats on tip and the Bromophorm along with 

the impurities sink to the bottom. The separation's funnel 

tap at the bottom is opened to let out the Bromophorm and 

impurities. Later the sand is washed in alcohol to remove 

all residues of Bromophorm. Finally, the sand powder is 

left to dry, then purified sand is grinded to a fine powder 

using agate mortar. So that it can be mixed uniformly with 

epoxy resin. 

 

2.1.2 Composite preparation 

The samples were prepared through a plan of 

cooperation. Resin, hardener and silica were mixed and 

degassed under magnetic stirring at 140 C for30 minutes. 

Subsequently the mixture was poured in a glass mould 

pre-heated at 150 ºC and treated with a mould realising 

agent. Then the mould was transferred in an oven and 

cured at 150 ºC for 2 h and at 180 ºC for 8 h. 

 

2.2 Optical Measurements 

The most direct and perhaps the simplest method 

for probing the band structure of materials is to measure 

the absorption spectrum. The optical absorbance is taken 

at wavelength (λ) range (400-800 nm) using Cary photo 

spectrometer. The absorption coefficient α(λ) was 

calculated from the absorbance spectra. 

 

2.3 Thermal Measurements 

Measurements of thermal conductivity were done 

using the heat pulsed method, which is based on sending 

an electrical pulse to transmit across double test specimens 

separated by a current coil placed in a sample holder 

connected to thermocouples for temperature measurements 

[5]. The cell assembly which is surrounded by insulating 

jacket to minimize the heat loss is placed in an oven. 

Temperature readings were taken every half hour to reach 

the steady state of thermal equilibrium. The quasi-steady-

state temperature difference (∆T) was found to be identical 

for the thermocouple pairs on one side, and to those on the 

other side. This gives support to the assumption of 

symmetry on both sides of the heat flux. The value of 

thermal conductivity (k), at each temperature, was 

calculated from the relation:  

 

TA

L
IVk


=

2                                                               (1) 

 

where I the electric current, V the applied voltage, A the 

area of the test specimen and  L the sample thickness. The 

factor 2 refers to both sides of tested specimens.  

 

3. RESULTS AND DISCUSSIONS  

The optical and thermal properties of epoxy/silica 

composite containing 0, 5, 15, 30 % by weight are studied 

through determination of some physical parameters such 

as the optical energy gap, the energy gap tails, thermal 

conductivity, and thermal resistivity. 

 

3.1 Optical Results 

Solids absorbed an amount of the incident light of 

intensity I0 and consequently optical transitions start when 

the energy of photon absorbed is a quantity higher than or 

equals to the forbidden energy gap. If the required energy 

is almost equal to the difference between the lowest level 

of conduction band and the highest level of valence band, 

electrons will transfer from the valence band to conduction 

band. At high absorption coefficient levels, where α ( ) 

>104 cm-1, the absorption coefficient α for non - 

crystalline materials can be related to the energy of the 

incident photon energy (ħ ) according to the following 

formula: 

 

α ħ =  β  (ħ  -Eopt)r                                                   (2) 

 

where the factor β  is a constant depends on the refractive 

index of the material and the probability of absorption. 

The exponent r is an index determined by the type of 

electronic transition causing the optical absorption and can 

take values 1/2, 3/2 for the direct and 2, 3 for the indirect 

forbidden transitions [6, 7].  

(r = 1/2 for allowed direct transitions and r = 2 for 

allowed indirect transitions), and Eopt  is the optical 

energy band gap. The optical absorption spectra of all 

films were recorded at room temperature, by using the 

UV-visible spectrophotometer in the wavelength range 

(400-800) nm.  

Figure-1 of UV-visible absorption spectra shows 

that the optical absorption value is increasing when the 

concentration of the silica increases, and decreases with 

increasing the incident photon wavelength (< 450 nm).   

Tauc’s plots were plotted and depicted in Figure-

2-a where the (αħω) represents the product of the 

absorption constant and photon energy. From the graph, it 

is seen that the optical energy gap value decreases with 

increasing the concentration of silica filler. The drawn 

straight lines in Figure 2-b obtained with r = 2 indicate that 

the electron transition is non-direct in k-space. 

Extrapolation of the linear portion of these curves gives 

the optical energy gap (Eopt) [8, 9].   
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A decrease in the energy band gap may be 

attributed to an increase in structural disorder of the 

polymer and to incorporation of small content of the silica 

filler in the host polymer lattice. The absorption results 

have led to a variety of interesting optical phenomenon of 

the prepared composite, which have thrown considerable 

light on the band structure of solids and phonic states [10]. 

Also, the decrease in the value of the optical energy gap 

indicates enhancement of the ionic and semiconducting 

level of the prepared doped films with increasing silica 

concentration. 
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Figure-1. Absorption spectra for epoxy/ silica composites. 
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Figure-2-a. (αћω)1/2 versus the photon energy for epoxy/ silica composites. 
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Figure-2-b. (αћω)1/2 versus the incident photon energy for 0,5,15and30 wt.% silica composite. 

 

Figure-3-a presents the Urbach plots for  

absorbance for pure epoxy, 5, 15, and 30 wt.%) silica 

composites. The extrapolated tail width values (ΔE) listed 

in Table-1, were determined by using the slope of the 

linear part of each curve in Figure-3-b   and equation: 

 

ln(α) = ħ / ΔE + ln(α0)                                                 (3) 

 

The exponential dependence of α ( ) on photon 

energy (ħ ) indicates that the absorption processes take 

place in the studied thin films obey Urbach rule. These 

energy tails become smaller as the concentration of silica 

decreases, which is consistent with that variations of the 

optical energy gap (Eopt). In general, the sum (Eopt+ ΔE) 

gives the mobility gap values included in Table-1 for 

different silica composites [11]. 

Since Eopt represents, generally, the energy 

difference between the localized states in the valence band 

and extended states in the conduction band or vice versa, 

then, we assume ∆Ec = ∆Ev, hence, Eopt + ∆E represents 

the mobility gap. The decreasing of the energy tail widths 

can be explained by the fact that increasing the silica 

content may lead to the creation of, ionic complexes, 

disorder, and imperfections in the structure of the 

composites,  a case that may increase localized states 

within the forbidden energy gap. The energy tails have 

smallest values due to neatness of the epoxy structure and 

scanty impurities, which lead to decrease localized states 

within the forbidden band gap. This usually contributes to 

the increase in the optical energy gap [5, 8, 11, 12]. 
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Figure-3-a. Urbach plots of Ln(α)versus the photon energy for epoxy/ silica composites. 
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Figure-3-b. Natural logarithm of (α) versus the incident photon energy for 0,5,15,30 wt.% silica composite. 

 

Table-1. Optical results for epoxy/silica composite. 
 

Samples 

Silica composites 

wt.% 

Optical band gap 

Eopt (eV) 

Energy tails        

∆E (eV) 

Gap mobility     

(Eopt + ∆E) 
β (cm-1 eV-1) 

0 wt.% 2.74 0.15 2.89 149.83 

5 wt.% 2.40 0.22 2.62 51.02 

15 wt.% 2.24 0.41 2.65 37.08 

30 wt.% 2.18 0.52 2.70 29.82 

 

3.2 Thermal  Results 

The thermal conductivity for the four samples 

with different filler concentration at different temperatures 

from 33ºC to 110ºC, has been calculated using equation 1. 

Figure-4 shows comparative graphs of thermal 

conductivity as a function of temperature for 0, 5, 15, 30 

wt.% silica composites. It can be seen that the thermal 

conductivity (k) increases with increasing temperature and 

silica content. In case of increasing the temperature, lattice 

phonons, ions, existing electron, and impurities are 

activated and thus enhancement in the thermal 

conductivity is produced [13].  

Figure-5 shows comparative graphs of thermal 

conductivity for the four types of composites. It can be 

seen that the thermal conductivity increases with 

increasing the concentration of the filler content, this 

increase could refer to compactness created by increases in 

concentration of filler which increases the heat transfer 

among phonons diffusion [14].  
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Figure-4. Thermal conductivity versus temperature for epoxy/ silica composites. 
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Figure-5. Thermal conductivity versus concentrations. 

 

Table-2 includes observed values of the thermal 

conductivity (k) for the epoxy composites, k is about 0.119 

(W/m.ºC) for epoxy polymer and increases to about of 

0.162 (W/m.ºC). Thus the silica has large effects in 

enhancement the thermal flow in the prepared epoxy 

composite. Table-2 shows thermal conduction behaviors 

of the prepared epoxy composite as a function of silica 

content. The thermal conductivity increases with 

increasing the dispersed silica. 

 

Table-2. Thermal results  (T=30 ºC). 
 

Samples Silica 

composites wt.% 

Thermal conductivity 

(k) (W/m.ºC) 

Thermal resistivity 

(m. ºC/W) (ohm.m)-1 

Thermal resistance 

(m2. ºC/W) 

0 wt.%     silica 0.119 8.36 2.67E-2 

5 wt.%     silica 0.128 7.80 2.49E-2 

15 wt.%   silica 0.141 7.06 2.26E-2 

30 wt.%   silica 0.162 6.13 1.96E-2 

  

Figure-6 shows the thermal resistivity (r) as a 

function of temperature for 0, 5, 15, 30 wt.% silica.    It is 

clearly shown that the thermal resistivity decreases with 

temperature and silica content. 
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Figure-7 shows comparative graphs of thermal resistance 

(R) as a function of temperature for the four samples. It is 

observed that the thermal resistance decreases with 

temperature and silica content. 

 

 
 

Figure-6. Variation of thermal resistivity (r = 1/ k) with temperature. 
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Figure-7. Variation of thermal resistance with temperature. 

 

4. CONCLUSIONS 

The optical and thermal properties of epoxy/silica 

composite with different silica concentration was studied. 

By analyzing the results obtained, it was found from the 

absorption energy data the electrons transition is non-

direct in k-space. The value of optical energy gap of the 

epoxy composites decreases with increasing the silica 

content. Thermal conductivity of the composites increases 

with both temperature and silica concentration. The 

thermal resistivity decreases with temperature and silica 

content.  
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