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Sažetak 

Rad opisuje proizvodnju, analizu toplinskih svojstava i moguću primjenu kao građevinski 
materijal kompozitnog materijala dobivenog od otpadnog papira. Motivacija za ovu vrste 
istraživanja je svakim danom sve veća potreba za građevinskim materijalima koji imaju 
zadovoljavajuća toplinska, odnosno izolacijska svojstava, niske troškove proizvodnje, a 
istovremeno koji su ekološki prihvatljivi. Opisani kompozitni materijal je proizveden miješanjem 
polivinil-acetata (PVAc), koji je činio matricu kompozitnog materijala, te komadića starog papira 
kao ojačala. Ispitivana su sljedeća toplinska svojstva: toplinska vodljivost, specifični toplinski 
kapacitet i toplinska difuzivnost. Izmjerena toplinska svojstva kompozita od otpadnog papira 
usporediva su s toplinskim svojstvima drveta. 

Ključne riječi: Otpadni papir, kompoziti, recikliranje, toplinska vodljivost, izolacija, građevinski 
materijal  

Abstract 

The paper describes the production, thermal properties analysis and possible application as a 
structural material of waste paper composites. The main reason for doing this kind of research is 
the daily growing need for materials which give acceptable heat insulating characteristics, have 
low productions costs, and at the same time are environmentally friendly. The described 
composite material is produced by mixing polyvinyl acetate (PVAc) as a matrix with shredded 
waste paper as reinforcement. Analysed thermal properties are: thermal conductivity, specific 
thermal coefficient, and heat propagation. It is concluded that the thermal properties of the 
waste paper composite are comparable to the thermal properties of wood. 

Keywords: Waste paper, composites, recycling, thermal conductivity analysis, insulation, 
structural materials 
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INTRODUCTION 

Energy efficiency is considered as a top priority in all engineering fields. World reserves 
and resources are already significantly exploited and there is a huge need for 
preservation of the existing resources. Such process of preservation can be partly 
accomplished by recycling of materials since plenty of used products contain materials 
that are still suitable for the same or for different applications. 

One of those kinds of products is newspapers. If collected separately, old newspapers 
are an important source of potentially high-value resources that can be used to produce 
new products. These products can be for example newspapers from recycled paper. 
Unfortunately, paper is not a material that can be recycled more than three times 
consecutively because cellulose fibres become shorter every time a recycling process is 
done, which results in reduced paper strength. When recycled paper reaches this point, 
it is practically useless for further application in the same field, so a different approach is 
needed in order to take care of the paper which is at the end of its lifecycle. Figure 1 
shows the flow chart of the paper lifecycle, as presented by the authors of this paper. 

 

  
Figure 1: Flow chart of paper life cycle 

For example, recent research work has shown the use of paper for producing cellulose 
reinforced polypropylene composites. Virgin copy, filter and newspaper were used as 
reinforcements for producing composites with varying paper content. The influence of 
paper type and content on the mechanical and physical properties of the laminates was 
investigated. [1] 

Previous researches show that waste paper can be used as additive in concrete blocks 
for house construction. [2, 3] In Figure 2 it is clearly visible that concrete blocks with 
waste paper as an additive have lower thermal conductivity when the amount of the 
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waste paper pulp content is increased. Such phenomena occur because the waste paper 
is basically fine shredded wood and wood itself has pretty much low thermal 
conductivity. The more waste paper is added to the mixture, the lower thermal 
conductivity is. [2] 

 

  
Figure 2: Thermal conductivity of composites versus the waste paper pulp content for 

different types of recycled paper [2] 

The International Standard ISO 13788 establishes a calculation procedure for the 
determination of hygrometric characteristics of building components and materials, 
assuming that the influence of moisture content on the thermal field across walls, 
ceilings, and roofs may be neglected. However, condensed water increases the effective 
thermal conductivity of building materials, thus modifying the temperature profiles 
across the building envelope. [4] Tables 1 and 2 present some typical values of thermal 
diffusivity and thermal conductivity of building materials. 

Table 1: Thermal diffusivity of building materials [5] 

Material Thermal 
diffusivity 
106 [m2/s] 

Concrete 1 

Glass 0.9 

Wood 0.15 

Brick 0.6 

EPS, XPS 1.2 

PMMA 0.1 
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Table 2: Thermal conductivity of building materials (Web-1) 

Material Thermal 
conductivity 
[W/(m∙K)] 

Glass 0.93 

Marble 3.00 

Plaster lightweight 0.16 

Roof tile 0.84 

Timber blocks 0.14 

Expanded polystyrene 0.030-0.038 

Glass mineral wool 0.031-0.044 

Polyurethane 0.022 –0.028 

Rigid polyurethane 0.022-0.028 

Rock mineral wool 0.034 –0.042 

Although the insulation in buildings has a primary importance for thermal insulation, 
insulating building materials often need to give also acoustic insulation, fire resistance, 
and impact or vibrational insulation. The best insulation material is often chosen based 
in its ability to satisfy many of these functions at the same time. 

POLYMER MATRIX – WASTE PAPER REINFORCEMENT COMPOSITE 
Previously described paper composites, with some properties presented on Figure 2 are 
ceramic matrix composites, with the ceramic reinforcement and with the waste paper as 
an additive/filler. A different approach should be used in polymer matrix composites 
with waste paper as reinforcement, which have been studied in this paper. 

Polymer matrix for waste paper can be any commercially available polymer which has 
the processing temperature below 200 °C. The main reason for this lays in the thermal 
degradation of the waste paper which occurs as the temperature approaches this value. 
This criterion resulted in a wide variety of polymers to be used as the matrix, such as PP 
(polypropylene), PE (polyethylene) high density and low density, HIPS (high-impact 
polystyrene) and others. [6] 

One of the major disadvantages of using thermoplastics as matrix is the process cost. 
Two main issues arise when producing composites with thermoplastic matrix: an 
injection moulding machine or extruder and a mould are needed, which are both quite 
expensive. Furthermore, the mould can be only be used for one type of product. In order 
to manipulate polymers such as PP, PE and HIPS, they need to be brought to the liquid 
state which is only possible by melting them using a high temperature. After the 
polymer is melted and put in the mould, the solidification starts by cooling. 

One method of bypassing high-temperature processes is using dispersed polymeric 
solutions such as polyvinyl acetate or shortened PVAc. Unlike PP, PE and HIPS, PVAc is a 
water-based thermoplastic whose solidification is triggered by the extraction of water. 
The easiest way to solidify PVAc is to leave it at the room temperature for a long-enough 
period of time, so that all water in the dispersion can be extracted. Depending on the 
thickness of the work piece this can take from several hours to several weeks. The 
solidification process can be accelerated by applying heat. In this article PVAc dispersion 
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with various additives and fillers was used for the production of a waste paper 
composite matrix. 

MATERIALS AND METHODS 
Waste paper composite with PVAc matrix was made through these steps: components 
preparation, mixing, moulding or forming, and solidification. Figure 3 shows a block 
diagram of the production process for waste paper composites, as presented by the 
authors of this paper. 

 
Figure 3: Production process of the waste paper composite 

Components preparation 
Waste paper, in this particular case old newspaper, was shredded in pieces 
approximately of 1 cm2. Shredding was done by using the electrical paper shredder. 
Figure 4 shows the shredded newspaper paper. 

 
Figure 4: Shredded newspaper 

The PVAc solution was Eurocol – 1, an adhesive made on the basis of polyvinyl-acetate 
dispersion with the addition of fillers and additives. The adhesive, produced by the 
Croatian company Chromos d.d. was applied without any modifications. Table 3 
presents the physical and chemical properties of the used binder, as well as the general 
requirements for the usage. 
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Table 3: Binder properties (Web-2) 

Physical and chemical properties 

Brookfield viscosity [B4/50o/min, 23±1°C, mPas] 10 000 – 20 000 

Dry matter at 105 °C 46 – 50 % 

pH-value 6 - 8 

General requirements 

The room, paper and glue temperature 23±2 °C 

Relative humidity 65 – 75 % 

Dilution 5 – 10 % water 

Although the use of leather or cloth gloves is recommend when the Eurocol – 1 is used, 
the adhesive is not harmful to humans or to the environment. The remains of adhesives, 
packaging and water from washing of tools must be disposed of in an environmentally 
friendly way. 

Mixing 
After the newspaper has been cut into pieces, it was added to the binder. The binder 
plays the role of connecting the pieces of newspaper in a homogenous mixture. It is 
white, but after drying it becomes transparent. Generally, this binder is used for 
laminating paper and paperboard, in preparing and closing of cardboard packaging, for 
making paper bags, and for a variety of labelling and bindery. [6] This makes it 
extremely suitable for mixing with pieces of old newspaper. Figure 5 shows the 
appearance of the binder. 

 
Figure 5: Binder Eurocol - 1 

Both components, PVAc and shredded paper, were put in container in 10:1 mass ratio in 
favour of the matrix. Mixing was done using a mixer until a coherent homogenous 
mixture was achieved, i.e. until the mixture had a dough-like texture. 

Moulding and forming 

After the mixing, the dough-textured raw composite can be placed in various types of 
moulds either by hand or by an injection moulding machine. Since the raw composite 
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mixture is quite thick and viscous, it can also be formed by rolling, extruding or even 
formed by hand in a process similar to clay forming. 

Solidification 
Depending on the wall thickness of the moulded piece, the solidification process can 
take from 48 hours to approximately 2 or 3 weeks. In order to speed up the 
solidification process, the piece can be heat-treated at 50–70 °C for 4–6 hours, 
depending on the wall thickness. Figure 6 presents a solidified planar, laminar waste 
paper composite. 

 
Figure 6: The produced waste paper composite 

THERMAL CONDUCTIVITY ANALYSIS 
Thermal properties analysis was done using the Decagon Devices Inc. KD2 Pro analyser, 
which is a device that can simultaneously record thermal conductivity, specific heat 
capacity, and thermal diffusivity. The measurement process on the KD2 Pro Analyzer is 
shown in Figure 7. 

In the presented research 10 measurements were made. The results obtained by 
thermal analysis are given in Table 4. 

 
Figure 7: Measuring thermal properties using KD2 Pro analyser 
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Table 4: Results of the thermal analysis 

Thermal 
conductivity 
[W/(m∙K)] 

Specific heat 
capacity 

[MJ/(m3·K)] 

Thermal 
diffusivity 
106 [m2/s] 

Temperature 
[°C] 

0.190 1.834 0.104 26.39 

0.190 1.873 0.101 27.69 

0.191 1.900 0.101 27.74 

0.190 1.896 0.100 27.66 

0.189 1.894 0.100 27.63 

0.190 1.897 0.100 27.54 

0.192 1.898 0.101 27.45 

0.189 1.889 0.100 27.39 

0.190 1.891 0.100 27.39 

0.191 1.886 0.101 27.42 

 = 0.190  = 1.886  = 0.101  = 27.430 

 σ = 9.19∙10-4  σ = 1.98 10-2  σ = 1.23 10-3 σ = 0.388 

 

Results of measuring thermal diffusivity can be compared to the data for some typical 
building materials, especially for wood, as previously shown in Table 1 and 2. 

CONCLUSION 
Since the waste disposal has become a major problem for the modern society and 
recycling is the only process that takes care of the products at their end of life cycle, new 
techniques in this field are needed in order to prevent further environmental pollution. 
The article has presented the production of PVAc matrix composite with waste paper as 
reinforcement. Different thermal properties were measured using the KD2 Pro thermal 
properties analyser, which gave results with insignificant variations. Results have shown 
that the waste paper based composites have good thermal insulation properties. The 
values of the thermal properties of the waste paper composite are comparable to the 
thermal properties of wood. This leads to the conclusion that this kind of composites can 
find their use in the civil engineering industry. Yet, mechanical properties and self-
extinguishing properties are to be determined prior to the use of such materials. Further 
research is needed in order to make this kind of material fully applicable. 
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