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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Diamond paste is used in many various fields due to its distinctive and unique optical properties. In this study, the diamond paste 
content at different concentrations (0.15, 0.35, 0.55 and 0.75 wt. %) with epoxy resins was used to fabricate the polymer blend. 
Thick films were prepared of polymer blend by casting method; deposit them on thin plastic substrates. The effects of polymeric 
blends were studied carefully investigated on the optical properties of the blends through a variation in the concentration of 
additions of diamond paste. The thick films study results revealed that additive of diamond paste led to a structure improvement 
of the polymer blend and then improve optical properties. The optical properties of the blends were characterized by a clear effect 
of the additions on the absorption coefficient of the polymer blends. The optimal value for diamond paste content concentration 
that maximize the absorption coefficient were x = 0.55 where the absorption coefficient was at this content (4.2 × 106 cm-1). 
Also, it has been observed direct transport allowed occurred in thick polymer films and the permissible direct energy gap was 
3.1ev - 3.7ev, respectively. 
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1. Introduction 

Over in recent few decades, polymer blends garnered much interest to address more of the issues and widely used 
especially related to economic and modern commercial fields. There are several types - or modalities - of polymer 
synthesis procedures such as the liquid state method and the reaction method, each of which uses different 
technologies and techniques [1]. Polymeric blends preparation involves the reconstructs all the individual polymers 
into polymeric blends of highly dependent on the miscibility of polymers. The purpose of polymeric blends 
synthesis is to obtain new properties that cannot be found in individual polymers, as well as to get good optical 
properties [2]. Many properties of polymer blends are the object of numerous research studies especially related 
optical properties [2-5]. Optical properties of polymer blends films make them perfect for many applications in 
different life fields, especially related to such as technological display devices and others [6]. The optical behavior 
of the materials is closely related to the composition of the energy levels, which in turn are related to the crystalline 
structure of the material and thus to the general properties of that material. The optical properties provide important 
information for the study of materials and their placement within the appropriate application. To understand these 
relationships sufficiently, it is necessary to study the optical properties. As a result, there are many experimental 
studies on detailed optical properties to characterization of different polymeric blends from different materials [4-6]. 
This is done by studying the reflectivity spectroscopy and permeability as a function of the photon energy that is 
important to the material, from which many important optical parameters can be found.  

It is also known that polymer blends is a combination of two or more polymers that are prepared by mixing 
polymers in different states (liquid and solid state or molten state)  for fabricate unique membranes the versatile with 
fascinating properties for a widely modern applications [7-9]. 

The present work, uses a diamond paste in a completely different way used which will hopefully provide new 
qualitative of polymer blend, where  diamond paste blend with a second polymer the "epoxy resin", to obtain new 
blends with desirable optical properties that enable us to use them in electronic devices. The diamond paste has 
many uses where consider a very economical agent, due to its distinctive characteristics that make it an important 
component in many machines and radio systems. In addition to being used as cutting tools, honing metal blades and 
polishing surfaces [6, 10]. This is based on the extents of the diamond paste, ranging from the most roughness (20-
90 microns) to the softest, (0.25-3microns). There are two main types of diamond paste: monocrystalline which is 
most common type, particles in this type of paste have a longer and more flat shape, so the cutting edges are lower 
and the other type multi-crystalline. In addition to diamonds as an attractive material, considered as on the other 
hand diamond films also highly attractive due to own have a set of unique properties such as; very hard, highly 
stable and very resistant. Because of these properties which  beneficial in many applications, there are other 
potential uses after certain making necessary improvements that make them suitable for use in many photovoltaic 
devices applications. For example, they can be used as a protective layer for photovoltaic solar cells to reduce the 
corrosion of these cells due to environmental influences, especially the effects of sand and dust after making high 
transparency in order to minimize the impact on the solar cell efficiency [11,12]. 

2. MATERIALS AND METHODS 

The thick polymer blends films were fabricate with varying amounts of diamond paste 0, 0.15 0.35, 0.55 and 0.75 
by undergoes the following three stages: 

- prepare bases: A glass mold was used and its base was encased by paper (over-Heat) with dimensions (20×20 
mm). 

- Preparation materials: The epoxy resin (EP10, Saudi origin "K. S. A.") was used as a matrix material. The ratio 
of resin to hardening material was (3:1 ) while the additive was diamond paste (particle size 0.25 micron)  produced 
by Struers Com. 

- Molding of polymeric materials. The diamond paste was blends with a weight of X = 0, 0.15 0.35, 0.55 and 
0.75 with the matrix material (EP10 epoxy resins) for 10 minutes by hand molding and using a glass case. The 
hardening material was then added with continue blend for five minutes. The casting method was used to obtain the 
thick membranes of the polymer mixtures with a thickness of 5 microns. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2018.11.228&domain=pdf
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The value and behavior of reflection in membranes generally depends on three main factors: thickness of the 
membrane, roughness of the surface and type of membrane material. The presence of topography, surface defects 
and high roughness of the membrane surface increases the dispersion value and increases reflectivity. 

The reflectivity is also increased by increasing the thickness of the membrane by relying on the spectral 
permeability which decreases by increasing the thickness of the membrane and the coefficient of absorption which 
increases with increasing thickness according to the relationship [13]  

𝑇𝑇� � �� � 𝑅𝑅���𝑒𝑒𝑒𝑒𝑒𝑒��𝛼𝛼𝑡𝑡�                                                                                                                                           (1) 

Where 𝑇𝑇� permeability, 𝑅𝑅�  is reflectivity, 𝛼𝛼 is absorption coefficient and 𝑡𝑡 is thin film thickness. 
The effect of thickness on the reflectivity spectrum is a characteristic of films only. It occurs within the relative 

wavelengths of the thickness of the films. This phenomenon occurs because of the overlap between the reflected 
wave from the upper surface of the film and the reflected wave from the lower surface, so 10 microns of thickness 
and visual measurements have been adopted.   

The reflectivity of the absorbance and permeability spectra of these thick films was calculated according to the following 
relationship [13]: 

𝑅𝑅� � � � �� � 𝑇𝑇�                                                                                                                                            (2) 

 

3. Results and Discussion 

As it was indicated in (Fig. 1 and 2), the spectra of the change in reflectivity and absorbance for the thick films of 
polymeric blends, appear as a result of the change of photons energy. The photon energy plays a crucial role in the 
reflectance spectra, since we assign the peak in the reflectance spectra to within the range of energies adopted in 
measurement 1eV to 4eV. Spectral of reflectance for the thick polymer blends films at different energies of photons 
are presented in Fig. 1.  Observe from Figure 1 increase the spectral reflectivity according to the increase of the 
photon energy until it reaches its peak at photon energy 4eV. Also, it's interesting observe that the reflectivity of 
these films takes low values at energies rang 1eV to 2eV due to low permeability and high absorbance at that range 
of photon energy, which is clearly shown in Fig. 2 that shows the absorbance spectra. 

 

 

Fig. 1. shows the relationship between the reflectivity and energy of the falling photon. 
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The transmittance spectrum of thick polymer blends depends on the chemical and crystalline structure of the 
material. Also it depends on the thickness of the film and the topography of the surface through its dependence on 
spectrum reflectivity and absorbance (represented by a factor of absorption) according to the relationship (1). The 
transmittance is inversely proportional to the thickness of the film. Higher thickness provides a greater opportunity 
for different optical absorption phenomena in the film, thereby attenuating a larger part of the falling beam [14].   

Fig. 2. shows the absorbance change with photon energy. 

The Fig. 3 data exhibited that the increasing photon energy led to clear and significant reduced of films 
transmittance. The results indicate that diamond paste concentration affects the state of the transmittance, which has 
a dominating influence on the optical properties. The impact strength of photon energy increased for each increase 
in diamond paste content where the Fig. 3 data indicates that all polymer blends are stable up to 2 eV and then 
undergo reduce in the energies range (2 - 4 eV). This decrease can be interpreted as being due to the increase of 
reflectivity in the ranging of the photon energy (2-4eV), comparison to the reflectivity value of Fig. 1 with the 
coefficient of absorption in this region as shown in Fig. 4. 

 

Fig. 3. shows the transmittance as a function of the photon energy. 

The absorption coefficient is calculated in terms of the measurement of transmittance and reflectivity using the 
following relationship:[15,16] 

                                                                                                                                               (3)             

 The absorption coefficient depends on the energy of the falling photons, the wavelength and the type of 
electronic transitions that occur between the energy packets. Where it is through the absorption coefficient setting an 
approximate conception of the structure of the power packs of films prepared. Fig. 4 shows the change in the optical 
absorption coefficient for thick films prepared polymer blends for X = 0, 0.15, 0.35 and 0.75. It is generally 
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 The absorption coefficient depends on the energy of the falling photons, the wavelength and the type of 
electronic transitions that occur between the energy packets. Where it is through the absorption coefficient setting an 
approximate conception of the structure of the power packs of films prepared. Fig. 4 shows the change in the optical 
absorption coefficient for thick films prepared polymer blends for X = 0, 0.15, 0.35 and 0.75. It is generally 
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observed that the thickness of the thick polymer blends prepared has low absorption coefficient (4×103 cm-1) for the 
above ratios. 

 
Fig. 4. shows the change of the absorption coefficient values for the added ratios of diamond paste. 

Fig. 5 shows the ratio of X = 0.55, where it has a high absorption coefficient of 5x106 cm-1, and the absorption 
coefficient decreases at varying rates depending on the composition of the film and its components, where the 
absorption coefficient values are converged at high energy values. The values of the absorption coefficient indicate a 
high probability for direct electronic transitions, at low energies, i.e., in the visible region, the absorption and 
transmission of electrons from the valence band to the conduction band generates an electron-gap pair. These 
processes are called basic absorption processes. 

Returning to Fig. 4, can be observed that thick films with ratios X = 0, 0.15, 0.35and 0.75 have the highest value 
for the absorption coefficient at 2eV to 4eV and then decrease until they reach a somewhat convergent value at 
energies below 2eV. The results of Fig. 5 show the film at X = 0.55, the highest value of the absorption coefficient 
at the low energy zone 1eV to 2eV, and the absorption coefficient reduced to 4eV, which has a high value of the 
absorption coefficient for direct electronic transitions, and can be utilized in the solar cell industry. 

 

 
Fig. 5.  Shows the change in the absorption coefficient of the ratio x = 0.55 with photon energy 

While the extinction coefficient refers to the amount of attenuation of the electromagnetic wave as it passes 
through the physical medium, and on this basis, its value is determined by the interactions of the electromagnetic 
wave with the medium. 

The extinction coefficient is calculated from the relationship[17]: 
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Fig. 6 shows the change in the extinction coefficient with the photons' falling energy to the thick polymer blends 
prepared 
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Fig. 6 . Extinction coefficient with photon energy 

The refractive index is a function of spectral reflectivity (𝑅𝑅′) and the Extinction coefficient (K), where the results 
of spectral reflectivity and the coefficient of inertia were reflected on the refractive index results. The behavior of 
the refractive index changes according to the preparation conditions and the technique used in the preparation. Fig. 7 
shows a change in the refractive index of thick polymer blends, where the refractive index values for the thickness 
of thick polymeric binders (2.4 - 3.4). 

 

Fig. 7. shows refractive index with photon energy. 

By knowing the refractive index 𝑛𝑛� and the extinction coefficient (K), the real 𝜀𝜀�and imaginary part 𝜀𝜀2 of the 
dielectric constant can be calculated from the following two ratios[18]: 

𝜀𝜀� � 𝑛𝑛2 � �2                                                                                                                                                   (5) 

𝜀𝜀� � 2𝑛𝑛�                                                                                                                                                          (6) 

The results of the measurement of the true and imaginary dielectric constant are reflected in a similar behavior to 
refractive index results with different numerical values. Figs. 8 and 9 show the change of the real insulation constant 
and the imaginary dielectric constant with the photon energy for thick polymer blends respectively 
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Fig. 8. shows the change of the real dielectric constant with photon energy 

 

Fig. 9. shows the change of the imaginary dielectric constant with photon energy. 

The permissible direct optical band gap value is calculated by plotting the relationship between the photon and 
the energy. Fig. 10 shows the graphic relationship plot between photon energy. In order to determine the value of the 
energy gap for the direct transmission allowed in Fig. 10, in the high absorption regions, linear value changes with 
the photon energy. This confirms that the direct electronic transitions allowed in the thick polymeric fluid 
membranes do not appear in the curves of other transitions, indicating that the direct electronic transport permitted 
in thick polymer blends films is possible. 

It is possible to calculate the value of the permissible direct optical band gap of the thick polymer blends 
membrane in Fig. 10 by extending a straight line that is a finite extension of the photon's energy axis and the 
intersection point represents the value of the optical band gap for the direct transmission allowed for the thick 
polymeric membrane prepared. 
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Fig. 10. shows the change of (αhv)2 with photon energy. 

 

                                          Table 1. shows the energy gab of the samples. 

Eg(eV) Sample 

3.1 0 

3.7 0.15 

3.65 0.35 

3.4 0.55 

3.3 0.75 

 

4. Conclusions 

The results of the optical properties of new polymer blends presented based on the thick films of epoxy and 
diamond paste which have been prepared by casting method. The optical property data obtained for the absorption 
values of this polymer blend provide conclusions about the potential use of these materials as a protective layer in 
photovoltaic solar cells applications by adjusting the additive ratios in the mixture. In particular, the ratio of x = 0.55 
only has high absorption values in the region 1eV to 4eV, making it suitable for such these uses. According to 
optical properties, all optical constants (refractive index, absorption coefficient, extinction coefficient, real and 
imaginary parts of the fixed insulating link) increases with the increase of the diamond paste content in the samples. 
Moreover, the results have been presented in this study also suggest that it is possible to regulate the additions of 
diamond paste ratio and optimize the optic performance by adjusting the composition ratio and structure of polymer 
blend to obtain films which possess good optical properties. 
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