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Abstract 

This study proposes to improve the current situation and methods of using contaminated waste 

glass in building materials. The disposal process of contaminated waste glass needs additional 

procedures which will cause both a large energy consumption and a high expenditure. 

Therefore, an appropriate application of contaminated glass fractions in building materials is 

necessary for their use as replacement of natural resources. An efficient way to recycle glass 

waste which contains heavy metals or organics will help to reduce the damage to the 

environment, for example greenhouse gas emissions and the consumption of natural resources. 

 

A first step in this direction is to investigate the influence of different contaminated glass 

fractions used in building materials on their mechanical strength and durability. Furthermore, a 

detailed characterization (both physical and chemical) of these contaminated glass fractions 

will be conducted and the results correlated with the obtained properties. Then, the appropriate 

treatment will be studied to remove or immobilize the pollution while the mechanical strength 

and durability of the designed building materials satisfy the requirements of construction.  

 

Keywords: waste glass; treatment; contamination. 

 

 

1 Introduction  
 

The amount of waste glass has gradually increased in recent years because of the increasing 

demand for glass products. Every year, large amounts of waste glass are dumped into landfill 

sites. Glass is not biodegradable, which causes serious problems for environmental protection. 

In recent years, the recycling ratio of waste glass increased in many countries due to the concern 

towards natural resources protection. Parts of waste glass will be collected from urban wastes 

and produce containers like bottles and jars. However, some recycled glass fractions are not 

able to be used in the manufacturing of new glass bottles and jars or to make fiberglass. This 

may be because there is too much contamination or the recycled glass pieces are too small to 

meet manufacturing specifications. This recovered glass is then used for non-container glass 

products. One efficient application for these glasses is to use as building materials, because 

glass has the ability to be a pozzolanic or cementitious material.  

 

The application of waste glass in building materials usually focuses on the replacement of 

aggregates and the partial replacement of cementitious materials like cement. The main 

obstacle for using waste glass as aggregate in concrete is that waste glass contains high amounts 

of amorphous silica, which will dissolve in an alkaline environment[1], forming alkali silica 

gel. The alkali silica reaction (ASR) causes expansion and micro cracks, which decrease the 

strength and durability of concrete [2][3][4]. The size of aggregates has a large influence on the 

ASR expansion [5]. To reduce the ASR expansion, finer glass powder [6] and  fly ash [7] were 

used as mitigation in concrete, which reduce the alkali concentration in the pore solution and 

increase the formation of C-S-H [8][9]. For a similar particle size distribution, ground glass 

powder has a higher Blaine specific surface area than Portland cement due to the angular 
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morphology of glass particles. Finely ground glass powders exhibited very high pozzolanic 

activity. The finer the glass powder is, the higher its pozzolanic reactivity is. Increasing the 

curing temperature could accelerate the activation of pozzolanic reactivity of waste glass [10]. 

A mortar sample containing 25% soda lime glass powder and 75% cement as binder was found 

to gain about 60 MPa in compressive strength test after 90 days, which was almost equal to the 

100% cement[11][6]. The durability (absorption, resistance to CL and freeze-thaw cycles) of 

mortars also got enhanced with glass powder addition according to study of A. Omran [12]. 

These studies indicate that it is possible to use fine waste glass in concrete as binder 

replacement.  

 

There are also many studies on the application of waste glass containing heavy metal pollution, 

such as glass from cathode ray tubes (CRT). The high content of lead oxide of CRT may causes 

serious soil and water pollution. Using  CRT glass as replacement for sand in mortar is possible 

and it could improve the fresh workability, and the heavy metal could be immobilized by 

cement [13][14] [15]. However, the waste glass fractions contaminated by organics (sugar, 

fiber) did not have enough focus. This kind of waste glass is usually very fine and mixed with 

organic matter, which makes it difficult to clean and difficult to recycle for producing new glass 

containers. The contamination will influence the use of the waste glass fractions in concrete. 

The present study aims to study the influence of a waste glass fraction containing organic 

contamination on cement hydration and hydration products. 

 

2 Materials and methods 
 

2.1 Cement 

Two types of cement were used in this study. CEM І 42.5N and CEM І 52.5R were supplied by 

ENCI, Netherlands. Their chemical composition and particle distribution are shown in Table 1 

and Fig. 1. 

 

2.2 Waste glass 

The waste glass powder in this study was provided by a recycling plant. The glass powder is 

used to dry the glass and filtered out in the furnace. This type of glass usually contains cellulose 

fibers from labels. The waste glass was milled and sieved (<63 μm). The XRF results and 

particle distribution of this waste glass powder shown in Table 1 and Fig.1.  

 

2.3 Filtrate 

Samples F2, F5 and F10 were obtained from the filtrate during waste glass washing with 

water/solid ratio 2, 5 and 10. The washing duration was 24 h, and the washing frequency was 

250 rpm. After washing, the slurry was filtered by rapid filter paper. The filtrates were kept in 

the plastic bottle and the solids were dried in oven. 

 

2.4 Methods 

The calorimetry test was performed using an isothermal calorimeter (TAM Air, 

Thermometric). Cement was replaced by contaminated waste glass powder and washed waste 

glass powder with 50% by mass. The influences of the filtrate on cement hydration were 

investigated by mixing cement with distilled water and F2. Solid raw materials were mixed in 

advance and then mixed with distilled water and filtrate, then the mixed paste was injected into 

the ampoule and sealed by a lid, and loaded into the calorimeter. All measurements were 

conducted for 160 h under a constant temperature of 20 °C. 
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The positive and negative ion content of filtrates were tested through Ion Chromatography (IC). 

The results are shown in Fig. 3. 

 

The hydration products of samples were investigated by X-ray diffraction (XRD). F2 and 

distilled water were used to mix with cement with a liquid/solid ratio 0.3. After 5 days ambient 

curing, the samples were crushed and milled into very fine powder for the XRD test. 

 

Table 1 Chemical composition of cement and glass powder used 

 CEM І 42.5N CEM І 52.5R Waste glass 

CaO 61% 64% 11.7% 

SiO2 22% 20% 69.7% 

Al2O3 3.5% 5% 1.96% 

Fe2O3 3.5% 5% 0.35% 

MgO 

SO3 

Na2O+K2O 

TiO2 

MnO 

LOI 

3% 

2.2% 

0.6% 

0.2% 

0.1% 

0.1% 

4.5% 

3% 

0.9% 

0.1% 

0.1% 

0.3% 

1.35% 

0.12% 

12% 

0.1% 

0.02% 

2.8% 

 

 
Fig.1 Particle distribution of the waste glass powder and cement 

3 Results and discussion 
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(c)                                        (d) 

Fig.2 Calorimetry test of cement replaced by 50% waste glass powder 

 

 

3.1 Calorimetric study 
The calorimetric curves of CEM І 42.5N and CEM І 52.5R are shown in the Fig.2. The samples 

of cement replaced by 50% contaminated waste glass and washed glass powder exhibited a 

similar shape as the normalized heat flow curve of CEM І 42.5N and CEM І 52.5R. The initial 

peak is attributed to a combination of the calorimetric equilibrium disturbance due to sample 

insertion and early stage reaction. The main peak shows the middle stage reaction; main 

products in this stage are C-S-H and CH. The gradually decreasing rate of heat flow after the 

main peak corresponded to the continuing slow reaction, which is caused by the C-S-H and CH 

again [16].  The locations of main peaks were different. Main peaks of CEM І 42.5N and CEM 

І 42.5N with washed waste glass were almost in the same location in about 20 h. The addition of 

unwashed glass powder showed the main peak in 55 h, which means the main peak of hydration 

was delayed for about 35 hours. The same character also was found in CEM І 52.5R based 

samples but the different delay time of 15 hours. 

 

The cumulative normalized heat of samples is shown in Fig.2 (b, d). the normalized heat 

increased with the increasing of hydration time. Fig.2 (b) exhibited that CEM І 42.5N replaced 

by contaminated glass powder and washed glass powder produced more heat than the reference 

(CEM І 42.5N). Before 40 h, the paste with contaminated glass powder showed the lowest 

increase rate of accumulative heat, which is caused by the delay of hydration. For CEM І 52.5R 

based pastes, the normalized cumulative heat showed more significant difference than CEM І 

42.5N. Samples with added glass powder and washed glass powder kept similar cumulative 

heats after 80 h (400 J/g) until 160 h (440 J/g), which increased by 20.5% compared to CEM І 

52.5R (365 J/g). The dissolution of glass powder in alkaline environment increased the content 

of silica and alkalis in the pore solution, which improved the hydration and increased the 

cumulative heat of paste containing glass powder [17]. 

 

The hydration of CEM І 42.5N and CEM І 52.5R with F2 in Fig.2 all showed delay with 10 

hours and 5 hours respectively of main peaks appearance. During the hydration, samples with 

F2 produced similar cumulative heat as CEM І 42.5N and CEM І 52.5R.  
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Fig.3 Results of Ion Chromatography test of different filtrates 

 
Fig.4 pH value of different filtrates 

 

3.2 Chemical properties of filtrate study 
The ion concentrations and pH value of different filtrates from washing procedures with l/s 

ratio 2, 5 and 10 were shown in Fig. 3 and Fig. 4. All three kinds of filtrate had a pH around 10. 

F10 had the lowest pH with 9.8 and pH increased slightly with the decrease of l/s ratio during 

washing procedure. The results of filtrate ion concentration in Fig. 3 exhibited that mainly the 

positive ions were Na+, K+, Ca2+, Mg2+ and NH4
+ while the negative ions were Cl-, PO4

3- and 

SO4
2-. F2 had the highest concentration of ions compared with other filtrates. Part of Na+ and K+ 

were provided by the dissolution of fine waste glass powder in water.  

  
Fig. 5 Results of XRD of hydration products after 5 days curing 

3.3 Mineralogical study 
 

The products of cement hydration with filtrate (F2) were investigated by X-ray diffraction after 

5 days ambient curing. The results of XRD shown in Fig. 6 indicated that the main products 

after 5 d hydration were calcium hydroxide, ettringite, unreacted alite and unreacted belite. 
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There are no new products formed during the hydration of cement with F2 after 5 d curing. The 

contamination in waste glass had no qualitative influence on the products of cement hydration. 

 

4 Conclusions 
 

According to the experimental results in the present study, the influence of waste glass 

containing organic contamination on cement hydration can be described as follows: 

 

(1) The addition of waste glass powder (<63 um) improved the hydration of cement CEM І 

42.5N and CEM І 52.5R. However, the main peak height of normalized heat flow 

decreased with the addition of contaminated waste glass.  

(2) The filtrate had an influence on the cement hydration, delaying the time of the main 

peak’s appearance. There was no significant influence on the cumulative heat of cement 

CEM І 42.5N and CEM І 52.5R. 

(3) Comparing the hydration between cement replaced by waste glass powder and cement 

with filtrate, the replacement of waste glass powder was found to increase the 

cumulative heat during samples hydration. At the same time, the organic contamination 

in the waste glass powder was the main reason for the hydration delay of cement. 

(4) The contamination in waste glass had no qualitative influence on the hydration products 

of cement, which produced the same products as cement with water after 5 days ambient 

curing. 
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