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Summary 

Plastic aggregate made from polymeric components of WEEE (Waste of Electric and 
Electronic Equipments) is characterized by flat shape with a smooth surface. Because of 
this smoothness and inadequate wettability, bond with the cement paste seems to be more 
difficult to achieve than with traditional compact aggregate such as natural gravel or 
crushed rocks.  

This study describes the most frequently used methods to the modification of 
polymer surfaces as well as the first experiences with the application of treated crushed 
plastics from WEEE as light aggregate in the cement composites.  

The surface modification of plastic aggregate by treatment with combination of 
different solutions and additives was investigated. Applied procedures shown to be 
effective in improving the interfacial bond strength between plastic grains and cement 
matrix. The promising results of this study are a starting point for future research on 
incorporating waste plastics into cementitious materials as a means of successfully 
utilizing the plastics from the vast amounts of WEEE. 

The results of the study would form a part of useful informations for recycling 
scrapped plastics from WEEE in lightweight concrete mixes. The results show that the 
plastic granules derived from scrapped waste plastics has potential to be used as aggregates 
to replace natural gravel for making non-structural lightweight aggregate concrete. These 
new composites would appear to offer an attractive low-cost material with consistent 
properties. Moreover, they would contribute to resolving some of the solid waste problems 
caused by plastic production, in addition to conserving energy. However, some properties 
such as the characteristics of absorption, rate of carbonation or durability have not been yet 
tested. These are suggested for further studies. 
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1 Introduction 

The portion of plastics in electronic waste stream from computer related sectors is 
approximately 25% by weight [1] and it would appear to be a suitable candidate material 
for use as lightweight aggregate in concrete.  
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The uses of shredded plastic in cement composites as alternate aggregates have the 
environmental benefits (recycling, saving the natural sources) but also a negative effect on 
compressive strength because plastics do not achieve chemical bonds with cementitious 
materials. Thus, different treatments of plastics are needed to enhance required bonding 
characteristics with the cementitious matrix. 

In general a good bond between aggregate and water-based cement paste depends on 
the wettability of the aggregate by water. Plastic aggregate presents a flat shape with 
a smooth surface. Since water has a high surface tension (72.8 mN/m) it does not 
spontaneously spread over solids which surface free energy is smaller. The surface tension 
of most often occuring plastics in WEEE such as PS, ABS and PP ranges between  
29 – 35 mN/m and appropriate surface treatment can increase surface energy and improve 
the wettability and adhesive properties of polymer materials.  

During recent years, numerous surface treatment techniques towards improving bond 
strength between plastic aggregates or fibers and the cement matrice have been developed. 
The most versatile and effective surface treatment methods can be divided into three basic 
groups. 

1. Treatment with chemicals. It was anticipated [2] that reaction of plastics with 
oxidizing chemicals would produce reactive chemical species on the surface of polymers 
which could participate in cementitious reactions. The highest compressive strength of 
composite was achieved when the plastic was treated with alkaline bleach. 

The study of wettability of fibers can be good way to improve their effectiveness in 
a cement-matrix composite [3]. Treatment with acetone was effective for polyethylene 
fibers; however treatments with HCl and NaOH were more effective than acetone 
treatment.  

According to Wang et al [4] a mixture of potassium dichromate-sulfuric acid-water 
are often used as the wet-chemistry oxidation. During the treatment hydrophilic groups are 
introduced on the surface of PP fibers and the wetting ability and the interfacial strength 
between PP fibers and the cement matrices are greatly improved. A silane coupling agent 
is also often used in the modification of PP fibers to enhance the adhesive strength between 
PP fibers and cement composites. It was also established [5] that in the case of surfactant-
impregnated PP fibers which is extremely simple technique, the hydrophilicity decreases 
with time as the surfactant tends to leak out from the pores. 

2. Physical techniques.  A new surface modification technique, the so-called ion-
assisted reaction (IAR), has been described by Koh et al [6]. In the IAR, polymer surfaces 
were subjected to low energy ion irradiation at different dosage in reactive gas (obviously 
oxygen) environment. The addition of new functional groups on polymer surfaces and 
permanent hydrophilic polymer surfaces has been accomplished by IAR treatment.   

Plastics, like PP or PTFE (polytetrafluorethylene), are basically non-polar. As 
a result these materials has to be treated before processed with waterborne coatings or 
paints. Usually oxygen is used as process gas; some surface activating treatments can also 
be done with atmospheric gas. The treated material will stay "activated" up to some weeks, 
depending on the specific composition [7].  

Reactive plasma modification mechanism as another technique may be described as 
follows [4]: during oxygen or oxidative gases plasma contact with the polymer, they can 
react with the polymer and some groups containing the oxygen atoms are introduced to the 
surface of the polymer and therefore a joint layer is formed on its surface. 

Another method for producing a plastic aggregate for use in concrete compositions 
includes exposing high density plastics to ultraviolet irradiation in the presence of a strong 
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alkali is patented [8]. Plastic aggregates according to the invention have an increased 
affinity for common concrete binders such as Portland cement.  

3. Covering of plastic surface by coating. The coatings used would be considered 
as a bridge between the plastic aggregate surface and the cement stone.  

In the study of Choi [9], lightweight aggregates were made from waste PET bottles, 
and ground blastfurnace slag was used to examine whether it is possible to improve the 
quality of lightweight aggregate. It is expected that the slag adhered on the surface of 
polymer is capable of strengthening the surface of aggregate, narrowing the transition zone 
compared to the surface of other lightweight aggregate without slag because of the 
consumption of calcium hydroxide. In other study [10], lightweight aggregate from waste 
PET bottles have been formed for use as an aggregate for concrete by coating them during 
thermal process with powder from river sand.  

The silica fume as treating agent seems to be an excellent solution in the increase of 
both compressive and flexural strength of plastic aggregate cement based composite, if the 
surface active agent as the primary treating solution will be used [11]. 

The converse technique for the production of synthetic lightweight aggregates (SLA) 
was described in [12]. The SLA is produced by melt compounding high concentrations of 
fly ash from coal into various thermoplastics. The aggregates are manufactured through 
a thermal process using plastic to encapsulate and bind fly ash particles. In this work, fly 
ash is being melted blended with thermoplastic binders in an effort to produce a synthetic 
lightweight aggregate suitable for use as reinforcement in lightweight concrete.  This 
newest type of synthetic aggregate is manufactured using a thermal, twin-screw extruder 
that elevates the temperature of the plastics above their melting point, and combines the 
viscous plastic with fly ash. The plastic mass then is extruded, cooled in a water bath and 
cut (granulated) into a variety of sizes, then screened and sized like any other aggregate. 

In our study, lightweight plastic aggregates (PA) from WEEE and several treating 
materials and techniques were used to examine whether it is possible to improve the 
quality of PA composite on the base of original plastic aggregate. The paper discusses the 
basic engineering properties such as compressive and flexural strength for lightweight 
plastic aggregate composites of the density between 960 - 1250 kg/m3.  

2 Materials and experimental methods 

Ordinary Portland cement CEM I 42.5R was used as a hydraulic binder. Its specific surface 
according Blaine and the density was 420 m2/kg and 3 092 kg/m3 respectively. For the 
preparation of specimens of 4040160 mm in size, crushed plastics as aggregate (plastic 
aggregate, PA) was used. The weight ratio of cement to aggregate was 1:1.54 and the w/c 
ratio was 0.52 for all mixtures tested. In this study the major component of PA was the 
crushed material from post-consumer PC and TV equipments and represents the mixture of 
various plastics with different properties. Fig. 1 shows the sieve test analysis of plastic 
aggregate used. As is shown more than 60 % of PA passed through the 10 mm sieve and 
the remainder passed at 2 and 4 mm screen. Thus its poor grading distribution – fraction  
0-2mm is absent did not satisfy the optimal smooth curve. 
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Fig. 1 Grading curve of PA 

The basic properties of plastic aggregate as were estimated previously [13] are presented in 
Tab. 1. 

Tab. 1 Basic characteristics of plastic aggregate  

Property Unit Value Notes 
Density over 1000 kg/m3 % wt. 77 Mixture of PS, ABS, EP 
Density below 1000 kg/m3 % wt. 23 PE 
Metal contaminants % wt. 0.52  
Apparent bulk density kg/m3 540 STN 721171 part C 
Particle density (average) kg/m3 1016 STN 721171 part B 
Voids ratio % vol. 47 STN 721171 part E 
pH of water extract --- 7.84 7,33 – value for tap water 
Conductivity of water extract  S/cm 440 406 – value for tap water 

PS – polystyrene, ABS – acrylonitril-butadien-styrene, EP - epoxy resin, PE - polyethylene 

Tab. 2 Tab. 2 Treatment details of the PA composites  

Mixture Primary treating liquid  Post-treating solid 
Ref None None 
Hf Silicone hydrophobizing agent None 
Wg Water glass None 
Coat1 Acrylate paint None 
Coat2 Silicate (mineral) paint None 
Wg1 Water glass Blast furnace slag 
Wg2 Water glass Quartz sand 
Cem Cement paste None 

 
The total number of eight different mixtures was prepared and several kinds of treating 
liquids and solids were studied. The reference mortar with untreated plastic aggregate was 
also manufactured. For these mixes of the same w/c 0.52 the basic description of the 
treatment procedures is summarized in Tab. 2.  

The treating process was as follows: the plastic aggregate of the same weight was 
first mixed with equal volume of treating solution to form a well distributed liquid layer on 
the aggregate surface. The weight ratio of treated slurry or cement to PA was 0.3:1 (Coat1, 
Coat2, and Cem). For the production of mixes with slag and sand the fine mineral additive 
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was added to the aggregate (mineral solid to PA weight ratio of 0.06:1) immediately after 
wetting with water glass to form plastic particles enveloped with thin mineral layer. The 
treated aggregates were then dried in air and after that the cement was added and mixed 
with water to form fresh cement composite. The workability test according to the standard 
STN EN 1015-3 [14] showed the approximately equal consistence of all tested fresh 
mortar mixtures. Fig. 2 then shows the shape of waste plastic aggregate. 

Untreated plastic granules 
  

Plastic grains treated with cement  

Fig. 2 Appearance of plastic aggregates Ref and Cem 

 
Specimens were cured 24 hours in an environment of 202°C/98% R.H. up to demolding 
and then were stored gradually 6 days at 202°C in water and 21 days at 202°C/652% 
R.H. in air. 

Each from PA surfaces presented in Tab. 3 is characterized by different texture and 
ability to wetting by water as well.  

Tab. 3 Basic surface characteristics of treated PA 

Mix Surface texture Surface property Wetting 
Ref Hard, glassy, nonporous Rather hydrophobic Weak 
Hf Hard, glassy, nonporous Hydrophobic None 
Wg Hard, fineporous Rather hydrophilic  Well 
Coat1 Soft, mat Rather hydrophobic Weak 
Coat2 Hard, rough due to filler Rather hydrophobic Better  
Wg1 Hard, rough, fineporous Rather hydrophilic Well 
Wg2 Hard, rough, fineporous Rather hydrophilic Well 
Cem Hard, porous Hydrophilic Best 

 
Good bonding between surfaces of PA particles and surrounding cement matrix which is 
on water base is one of the cardinal performances required for the PA composites. 
Generally the bond quality can be improved by treating the surface of plastics to improve 
its wettability and/or to roughen it.  
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3 Results and discussion 

The quantitative determination of the adhesive (bond) strength is of great importance for 
assessment of the performance of PA composite in service, but its assessment is difficult. 
On the other hand it is widely accepted that the flexural strength of the composite can be 
considered as a suitable and simple measure for the bond strength evaluation. Moreover, 
the bond between aggregates and cement stone has an important influence on the 
behaviour of composite under compressive stress. Thus the compressive as well as flexural 
strengths of PA composites were used to the evaluation of the effectiveness of used surface 
treatment of the PA. 

Initially the relative strength RS was accepted to the evaluation of the treatment 
effectiveness:  

RS = 
ref

C

S

S
  100                     (%) 

where SC is the strength (compressive or flexural) of PA composite with treated PA and 
Sref is the strength (compressive or flexural) of reference PA composite with untreated PA. 
Fig. 3 then illustrates the relative compressive and flexural strength of tested PA 
composites. 

Compressive strength and density are two of the most important parameters of 
lightweight composites and Fig. 4 shows the relationship between density and compressive 
strength of PA composites. 

The portion of untreated plastic aggregates in the volume of hardened cement 
composite manufactured with the PA – to- cement ratio of 1.54:1 and w/c 0,52 can be 
simply calculated from the known values of individual component densities: cement – 
3,106 g/cm3, PA – 1.016 g/cm3, water – 1,000 g/cm3. In order to start this calculation the 
specific volume of composite (SV) is first defined: 

SV = SVC + SVPA + SVW                          cm3                        

where SVC, SVA and SVW are the specific volumes of composite components - cement, 
aggregate and water. Generally the specific volume can be expressed as the ratio between 
the mass portions of the component in mortar to its density: 

SVC  = 
3,092

1
,     SVA = 

1,016

1,54
,     SVW = 

1,000

0,52
         cm3 

SV = 0,32 + 1,52 + 0,52 = 2,36cm3 

 
In the volume of composite SV plastic aggregate volume fraction and paste volume 
fraction will then equal 64,4% and 35,6% respectively.  
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Fig. 3 Relative strengths of PA composites 

The effect of density of treated PA on the volume portion of cement paste in PA composite 
as well as on the whole density of composite from above consideration is clear. Since the 
density of PA particles coated with dense cement paste (Cem) certainly exceeds of average 
1 016 kg/m3, the volume portion of cement paste in the PA composite Cem must be 
significantly higher than calculated and it seems to be the additional benefit to the 
increasing of strength of composites made with the PA coated with relatively thick layer of 
better wettability and roughness (Coat2, Wg2 and Cem) than of Ref (Fig. 4).  
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Fig. 4 Effect of composite density on the compressive strength 
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3.1 Flexural strength 

3.1.1 Influence of only treating liquid  

The modification of the PA surface with the water glass solution (Wg) is generally 
uneffective and caused a considerable decrease of flexural strength in comparison with 
reference composite. Similar results were established if the PA was treated with acrylate 
waterborne paint (Coat1). On contrary plastic grains coated with rougher and hardener film 
of waterborne paint on the water glass base (Coat2) are fixed in the cement matrix more 
strongly. As expected the application of hydrophobizing agent as a treating solution (Hf) is 
exhibited in the severe decrease of flexural strength of about 72%.  

3.1.2 Influence of treating liquid with mineral additive  

It is shown that the sharp sand grains (Wg2) are better solution in the improvement of 
flexural strength of PA composites compared with pulverized slag (Wg1), however both 
treatments seems to decrease slightly flexural strength compared with the reference 
composite Ref.. It was affirmed the more positive effect of the pre-treating of PA with 
cement paste on the flexural strength of PA composite (Cem) in comparison with Ref. The 
positive contribution of the presence of hard and compatible cement coating in PA 
composites to the flexural strength of reference composite is 72%. 

3.2 Compressive strength 

3.2.1 Influence of only treating agent  

The modification of the surface of PA with the water glass solution (Wg) is more effective 
as the use of acrylate paint (Coat1), however application of the silicate paint improved the 
bond strength any more and the value of this benefit to the compressive strength in 
comparison with reference composite Ref is 33%. The application of hydrophobizing agent 
as a treating solution (Hf) decreases of compressive strength of about 21%. 

3.2.2 Influence of treating agent with mineral additive  

Equally as in the case of the effect on flexural strength the effectiveness of the treating 
with water glass on the compressive strength increases in order Wg (7%) – Wg1 (14.5%) – 
Wg2 (27%). This demonstrates the great importance of the surface roughness due to 
particles of quartz sand. The composite Cem made with plastic aggregate covered by 
cement paste is characterized by the highest compressive strength – its increase comparing 
with composite Ref was 95%. 

Summarizing both flexural and compressive strength studies of the PA composites 
together it can be entered that the best way to increase of mechanical properties of these 
composites is modification of the surface of PA by paint on the base of water glass (Coat2) 
as well as with the use of PA coated with cement stone coating (Cem). In this case 
however that benefit to the increase of mechanical properties is followed by increasing of 
composite density (28%). 

The orientation of plastic chips in the PA composite can be demostrated by digital 
image of reference sample, which was cut in the direction of molding. The image is shown 
in Fig. 5.     

8 



Central Europe towards Sustainable Building CESB10 Prague 
Material Efficiency 

 
Fig. 5 Sample Ref – image of the cut 

4 Conclusions 

Based upon the results of the pretreatment of plastic aggregates on the strengths of PA 
composites reported above, the following conclusions can be made: 

1. From the view of the flexural strength the most effective treating processes were 
application of coating on the water glass base (Coat2) and especially covering the 
plastic surface with cement slurry (Cem). Despite of higher density these mixtures 
are characterized with better mechanical properties as reference material Ref.  

2. From the view of compressive strength the highest values were obtained at 
application of water glass solution alone (Wg) or with slag or sand (Wg1, Wg2) as 
well as of coatings on the water glass base (Coat2) and especially covering the 
plastic surface with cement slurry (Cem).  

3. The strength test results indicate that the PA pre-treated with cement paste (Cem) can 
more densely integrate with the cement stone in the PA composite. This technique 
seems to be high simple, relatively express and cheap and do not require specific 
agents or additives. However the value of contribution of increase of composite 
density due to this treatment to the improvement of strength still claims attention.     

4. The improving of grading of PA (fine and medium fraction) by adding sand, 
application of treatment at higher temperatures as well as the use of silica fume with 
the superplasticizer – that are themes for future research. 
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