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Summary 

The water permeability of the crashed Electrical and Electronic Equipments (WEEE) 
plastic waste cement composites belongs to one of their critical material performance 
properties. In practice their water permeability under low water pressure differences is 
important. The water pressure differences taken into consideration have the values close to 
the values characteristic for the water suction process. Therefore the tests, determining the 
water absorption coefficients of the WEEE plastic waste-cement composites, represent the 
adequate way how to assess their water permeability under the boundary conditions 
expected during their exploitation. The determined parameters were analysed from the 
aspects of a shape of the aggregate grains and of a quality of the contact zone between the 
matrix and the aggregate surface in the paper.    
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1 Introduction  

The WEEE crushed plastics are a relatively pure material, in which the polystyrene is 
a dominant component. A thermal conductivity of the loose crushed plastics is comparable 
with thermal conductivities of materials with similar loose density moreover they are inert 
against the water (Fig. 1).  

Basic technical parameters of the cement composites with crushed plastics for the 
4 designed different mixtures were determined. From aspect of the determined mechanical 
properties and homogeneity the material mixtures No. 2 and 4 are the most suitable for 
application. Mixture No. 2 is suitable for products with higher thermal insulation properties 
and satisfactory mechanical resilience, mixture No. 4 is good for lightened products with 
good mechanical properties (Matiasovsky et al. 2004). For further assessment the water 
absorption coefficient, which is a good characteristics of water permeability was 
determined for particular mixtures. 
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Fig. 1 Crushed WEEE plastics waste composite structure  

2 Water absorption coefficients of crashed WEEE plastic waste-
cement composites 

2.1 Measurements 

The water absorption coefficient is determined from an analysis of the process of free 
water intake, which involves placing a material with its sides sealed in contact with a free 
water surface. Water enters the bottom surface of the specimen, and the weight increase of 
the specimen is measured during the progression of the free water intake process. For an 
isotropic material the cumulative water intake per unit of inflow surface area (kg/m2) is 
a function of the square root of time t: 

tAI w   (1) 

The water absorption coefficient is then calculated according to Equation (2): 

tA

mm
Aw 
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where, Aw is the water absorption coefficient, A is the surface area of the cross section of 
the specimen, m1 and mo are mass of the specimen measured at times t1 and to, respectively 
(Bomberg et al. 2005). 

The water absorption coefficient for the 3 specimens sets manufactured from the 
particular mixtures was determined by the water suction tests on the prisms with 
the 0.1/0.1 m base and the 0.05 m height. 
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2.2 Results 

In Figure 2 there are the free water uptakes time courses for particular samples. The 
determination of the water absorption coefficient as the tangent of a linear part of the water 
uptake curve is depicted in Figure 3. These values are presented in Table 1.   

In the figures a dispersion of the courses for all materials is apparent. Materials No. 2 
and 4 with better mechanical properties show a lower dispersion of the water absorption 
coefficient. 

Fig. 2 Free water uptakes for Crushed WEEE plastics waste composites No. 1 - 4 
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Fig. 3 Determination of water absorption coefficients for crushed WEEE plastics waste composites 
No. 1 - 4 

Tab. 1 Bulk density and water absorption coefficient of particular crushed WEEE plastics waste 
composite types 

Sample No. Bulk density (kg/m3) Water absorption coefficient (kg/m2 s-0.5) 
1.1 1147 0.0113 
1.2 1175 0.0108 
1.3 1014 0.0136 
Mean 1112 0.012 
2.1 1134 0.0371 
2.2 1103 0.0332 
2.3 1096 0.0314 
Mean 1111 0.034 
3.1 1505 0.0366 
3.2 1512 0.0259 
3.3 1492 0.027 
Mean 1503 0.030 
4.1 1729 0.0095 
4.2 1627 0.0117 
4.3 1564 0.0123 
Mean 1640 0.0123 
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2.3 Discussion 

Two characteristic material types can be distinguished from the water suction tests. For the 
first type a small absorption coefficient equal to 0.012 kg/m2 s0.5 and a small water 
saturation are characteristic (mixtures 1 and 4) and a higher absorption coefficient equal to 
0.03 kg/m2 s0 is characteristic for the second type (mixtures 2 and 3). These properties 
result from a given crushed plastics grading and the used technology. In mixture 1 the 
naturally graded aggregate was used. In mixture 2 the grading was improved – missing fine 
aggregate fractions were added. In the mixture 3 the added crushed plastic fine fractions 
were replaced with natural aggregate. The mixture 4 contained the superplastifier.   

3 Conclusions 

The water absorption coefficient is good characteristics of the crushed plastics cement 
composites water permeability. The material mixture without fine aggregate fractions and 
the mixture with dense matrix reach the low water absorption coefficient values close to 
0.01 kg/m2 s0.5.   
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