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Abstract: The article analyzes the possibility of using two types of waste from the thermal 

transformation of municipal waste in the production technology of cement mortars. Fly ash 

and dust were used in amounts of 5, 10, 15, 20, 25 and 30% of the cement mass as a 

replacement for sand. In total, 11 series of cement mortars were prepared: a standard 

control mortar and 10 series of mortars modified with individual waste. The following tests 

were performed for the prepared samples: bending and compressive strength after 7 and 

28 days of maturing, water absorption and consistency testing for fresh mortars. Based 

on the results obtained, it can be concluded that the use of waste dust and fly ash in the 

amount of 30% as a replacement for sand reduces the compressive strength by 24.0% 

and 8.0%, respectively, and the bending strength by 23.6% and 21.5%, respectively. 
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1. INTRODUCTION  

According to the latest data provided by the Central Statistical Office (GUS) for 2022, the 

amount of municipal waste collected in Poland amounted to 13,420.3 thousand. tone, 

which was recorded as a decrease of 1.9% compared to the previous year (13,673.6 

thousand tons in 2021). Over 86% (11.6 million Mg) of this waste came from households. 

Of the total amount of waste collected, as much as 61.1% (8,199.1 thousand tons) was 

subjected to the recovery process. Within this process, recycling accounted for 26.7% 

(3,585.4 thousand tons), biological processes (composting or fermentation) accounted for 

14.2% (1,899.5 thousand tons), and thermal transformation with energy recovery reached 

20.2% (2,714.1 thousand tonnes). On the other hand, 38.9% of waste (5,221.2 thousand 

tons) went to the disposal process, where 0.8% (113.0 thousand tons) was thermal 

transformation without energy recovery, and 38.1% (5 108.2 thousand tons) is storage. 

In recent years, the waste transfer process has become more and more attractive and 

available in waste. It makes it possible to reduce the amount of waste stored in landfills 

while generating electricity and heat. Hazardous waste resulting from this process, such 

as combustion slag or fly ash, is classified as biological waste (190107* and 190113*) 

according to the waste catalog, which results in the need for effective management 

(Wielgosiński and Wasiak, 2015; Francois and Criado, 2007; Wielgosiński, 2016). The 

only way that belongs to them is to use them in the technology of proceedings. Concrete, 
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in the context of modern construction, is a leftover material, which causes a systematic 

increase in the demand for natural aggregates necessary for its production. Considering 

that the minerals they supply contribute to environmental degradation, research on 

alternative marine production facilities, including waste materials, is of particular 

importance. 

In recent years, many research centers have been conducting research on the possibility 

of using various materials, including waste materials, to produce concrete and cement 

mortars. According to the literature review, recyclates from household ceramics (Halicka 

et al., 2016; Ulewicz and Halbiniak, 2016; Aggarwal and Siddique, 2014) and CRT glass 

(Walczak el al., 2015) are successfully used for the production of concrete mix. or glass 

(Dębska el al., 2020). The results showed that for both mortars and concretes modified 

with ceramic waste, a higher compressive strength was achieved compared to the control 

series. The highest compressive strength (an increase of 5.0% compared to the control 

sample) was found for cement mortars using ceramic waste with fragmentation smaller 

than 0.2 mm. The highest compressive strength (about 12.3%) compared to the control 

sample is shown by concrete in which 30% of the natural aggregate was replaced with 

ceramic waste. Additionally, using up to 30% ground ceramics in concrete reduces its 

water absorption capacity. 

Waste polymeric materials are of great interest (Albano, 2009; Mounanga, 2008; Rashad, 

2016; Tavakoli et al., 2018; Sharma and Bansal, 2016, Pietrzak and Ulewicz, 2021, 2023; 

Helbrych, 2023; Czajkowska et. al. 2023). Literature reports show that the most frequently 

tested material for use in concrete technology is polyethylene terephthalate (PET), 

polyethylene and polypropylene (Gu and Ozbakkaloglu, 2016). The addition of PET waste 

material to concrete, as most authors have shown, reduces the compressive strength, 

tensile and flexural strength of concrete and the modulus of elasticity, regardless of the 

tested consistency and water-cement ratio. EPS regranulate was used in amounts ranging 

from 10% to even 100% as a replacement for fine or coarse aggregate. The composite 

obtained in this way was characterized by low density and better thermal parameters 

compared to ordinary concrete. The density of modified concrete decreases as the 

amount of EPS added increases. In the case of the addition of 70% EPS recyclate, the 

density of concrete decreased by up to 31%. EPS and PS waste was used to modify both 

cement concrete and polymer concrete, using it as an admixture that plasticizes and 

reduces the amount of water in the concrete mixture. 

The technology for producing these materials also uses waste fly ash, silica dust, ground 

blast furnace slag, and ash from biofuels (Jura and Ulewicz, 2017, 2021; Pribulova et al., 

2016; Jura 2020, 2023; Kalak et al., 2023; Popławski 2019; Cardoso, 2022). The work 

(Kalak et al., 2023) shows that the addition of SSFA as a by-product of the combustion of 

municipal sewage sludge did not reduce the compressive strength, therefore it can be 

successively used. The conducted research shows that the compressive strength 

increases with a decrease in the sand content (from 990 kg to 620 kg) and a decrease in 

the sand point value (from 0.54% to 0.32%). However, the compressive strength 

increased with the increase in the amount of gravel 2/8 (from 360 kg to 562 kg) and 8/16 

(from 468 kg to 670 kg). The authors (Popławski and Lelusz, 2023) examined the influence 

of fly ash generated during biomass combustion, sifted through a sieve with a mesh 

diameter of 63 µm and 125 µm, on the properties of fresh and hardened cement mortar. 

Screening increased the CaO content by 9.3 percentage points (pp) in the oxide 

composition of fly ash. 28-day endurance activity rates increased by 24.9 percentage 



SYSTEM SAFETY: HUMAN - TECHNICAL FACILITY - ENVIRONMENT - CzOTO  5(1), 2023                              144 

 

points. A 25% cement replacement rate with fly ash sieved through a 63 µm sieve 

increased the 2-day compressive strength of the mortars by 24% compared to untreated 

fly ash. 

In addition, a number of other wastes were used for mortars and concretes, including 

Biosilica (Muradyan et al., 2023), waste materials from cement mortars, slag ashes and 

aggregates from recycled concrete (Kalinowska-Wichrowska et al., 2022), agricultural and 

industrial waste (Martinez-Molina,2021), hemp (Šadzevičius et al., 2023). 

Research into alternative raw materials for concrete production and the development of 

effective waste treatment processes in the construction sector are key to achieving 

sustainable development goals, and at the same time constitute an important step towards 

building a more environmentally friendly society. Integrating these innovations into 

construction practice can contribute to more sustainable and efficient construction 

solutions. 

The aim of this article was to investigate the impact of waste generated from thermal 

processing of municipal waste on selected properties of cement mortars, i.e. consistency, 

compressive and flexural strength, water absorption. 

 

2. MATERIALS AND RESEARCH METHODOLOGY 

The following materials were used to produce the tested cement mortars: Portland cement 

CEM I 42.5R from CEMEX, standard quartz sand in accordance with the PN-EN 196-1 

standard, water, ash (W1) and dust (W2) generated after burning municipal waste in one 

of the incinerators in Poland (Fig. 1). The composition of waste W1 and W2 characterized 

by waste codes 190113* (fly ash containing hazardous substances) and 190107* (solid 

waste from waste gas treatment) is presented in Table 1.  

 

 
Fig. 1. Waste used for testing: a) combustion ash from the incineration of municipal waste (W1), 

b) dust after burning municipal waste (W2) 

Source: own study 

 

Table 1 

Chemical composition of waste used, % 

Waste 
Chemical composition (%(m/m)) 

SiO2 Al2O3 CaO K2O MgO Fe2O3 Na2O SO3 P2O5 Cl- Other 

Ash 

(W1) 
11.35 7.31 25.49 1.05 2.95 2.55 - 8.77 1.49 3.35 35.79 

Dust 

(W2) 
3.76 3.48 33.12 2.97 1.63 0.52 4.66 8.34 0.26 15.39 25.87 

Source: own study 
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The chemical composition was determined on a Spectro XEPOS D XRD-ED microscope. 

In addition, sieve analysis (Fig. 2) and specific density for the waste used were 

determined. The specific density was determined according to the PN-EN 196-6 standard 

and amounted to 2.54 g/cm3 for ash and 2.14 g/cm3 for dust. Sieve analysis showed that 

waste W1 has a uniform grain size of 0-2 mm, while waste W2 has a predominance of 

grains with a fraction of 0-0.125 mm, which constitute 94.55% of the grain size. 

 

 
Fig. 1. Particle size curves of the waste used   

Source: own study 

 

A series of control beams (ZK) were made as a standard mortar based on Portland cement 

CEM I 42.5R. In the modified series, the presented waste was used as a replacement for 

sand in the amount of 5, 10, 15, 20 and 30% of the cement mass, introducing a volume 

correction of sand (Table 2). The waste was dosed individually into the mortars. A total of 

10 series of mortars modified with W1 and W2 waste were made. For each series of 

mortars, 9 samples were made and subjected to the following tests. 

The determination of compressive and bending strength was performed in accordance 

with the PN-EN 196-1 standard. The tests were carried out on bars with dimensions of 

40x40x160 mm. The bars were stored in the mold for 24 h in an air-conditioned room at a 

temperature of (20 ± 1)°C and a relative humidity of at least 90%, and after unmolding, 

they were stored in water at a temperature of (20 ± 1)°C until testing. 

Compressive and bending strength tests were performed after 7 and 28 days of sample 

maturation. 

The bending strength test was performed on 3 trabeculae, increasing the load by 50 ± 10 

N/s until the trabecula broke (Fig. 2b). 

The compressive strength test was performed on the trabeculae halves (Fig. 2a). The 

increase in compressive force was uniform and amounted to 2400 ± 200 N/s. 
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The absorbability of mortars was tested using the soaking method in accordance with PN-

B-04500:1985. Three bars with dimensions of 40 mm × 40 mm × 160 mm made of 

individual mortars were used for the test. 

The consistency of fresh cement mortar was tested using a flow table in accordance with 

the PN-EN 1015-3 standard. 

 

Table 2 

Composition of tested cement mortars 

Series 

(O1; O2)% 

Cement 

CEM I 

42.5R [g] 

Water 

[cm3] 

Standarized 

sand [g] 

Waste used 

Ash - O1 

 [g] 

Dust - O2 

[g] 

ZK 

450 225 

1350 - - 

Z1 1326.53 - 22.5 

Z2 1303.05 - 45.0 

Z3 1279.58 - 67.5 

Z4 1256.1 - 90.0 

Z5 1200.30 - 135.0 

Z6 1322.10 22.5 - 

Z7 1294.20 45.0 - 

Z8 1266.30 67.5 - 

Z9 1238.39 90.0 - 

Z10 1182.59 135.0 - 

Source: own study 

 

 
Fig. 2. Test: a) compressive strength, b) bending strength 

Source: own study 

 

3. RESULTS 

The first stage of the research included determining the consistency of freshly prepared 

cement mortars using the flow table method (Table 3). As the W1 and W2 waste 

increased, the consistency of the modified mortars deteriorated and their plasticity 

decreased. 
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Table 3 

Results of consistency and water absorption tests 

Series 
ZK Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9 Z10 

Test 

Mortar 
consistenc

y [mm] 

15.
9 

15.5
5 

15.1
0 

13.5
0 

11.8
5 

10.8
5 

15.2
5 

14.9
0 

14.6
5 

14.6
5 

14.4
0 

Water 
absorption 

[%] 

8.0
7 

9.10 9.29 9.72 9.79 9.78 9.60 9.78 9.89 9.98 9.82 

Source: own study 

 

The second stage of the research included determining the bending strength of cement 

mortars. The control mortar (ZK) after 7 days of maturing was characterized by an average 

bending strength of 7.54 MPa, and after 28 days of maturing it was 8.88 MPa (Fig. 3). For 

all series of modified mortars, a decrease in the average bending strength tested after 7 

days of maturing was noted compared to the control mortar. The greatest decrease 

(36.26%) was recorded for the Z5 mortar modified with ash in the amount of 30% of the 

cement mass. The smallest decrease in bending strength tested after 7 days of maturation 

was recorded for the Z3 series, this decrease amounted to 20.7%. For the remaining 

series, the decrease in bending strength was 25.9 – 33.6%. Also, the test performed after 

28 days of maturing showed that all modified series had lower bending strength compared 

to the control mortar. The lowest decrease was recorded for the series where sand with 

5% ash was used as a replacement. This decrease was 12.5%. However, the highest 

decrease in bending strength was recorded for the Z4 series - 29.5%. 

 

 
Fig. 3. The average flexural strength of the mortar  

Source: own study 

 
In the next stage of the research, the compressive strength of cement mortars was 

determined after 7 and 28 days of sample maturation (Fig. 4). For the control mortar, the 

average compressive strength tested after 7 days was 40. MPa, while the average 

compressive strength tested after 28 days was 51.2 MPa. For the Z3 mortar, where 15% 
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of ash was added as a replacement for sand, a higher average strength was obtained 

after 28 days of curing. The increase in strength compared to the control series was 4.5%. 

For the remaining series modified with W1 waste, the decrease ranged from 2.7% to 7.8%. 

However, all series achieved the required compressive strength imposed by the PN-EN 

197-1 standard using CEM I 42.5 R class cement. This range is 42.5 MPa to 62.5 MPa. 

However, for all series where waste in the form of dust was added, both the 7 and 28-day 

compressive strength was lower than for the control series. The decrease in compressive 

strength tested after 7 days of sample maturation ranged from 17.8 to 36%. However, the 

decrease in the average 28-day compressive strength compared to the control series 

ranged from 24% to 38.4%. It should be noted, however, that the highest compressive 

strength result was obtained for the series where 30% of W2 waste was used. 

 

 
Fig. 4. The average compressive strength of the mortar  

Source: own study 

 
3. CONCLUSIONS 

The analysis of the obtained test results for mortars containing the addition of dust and 

ash resulting from thermal processing of municipal waste allows the following conclusions 

to be drawn: 

• increasing these wastes in the cement mortar results in deterioration of workability and 

reduced flow, 

• the use of dust and ash increases the absorbability of modified mortars from 13.9% to 

24.6%, 

• the use of dust in amounts ranging from 5 to 30% as a replacement for sand reduces 

the compressive strength by up to 38.4% and the bending strength by up to 29.5% 

compared to the strength parameters of the control mortar, 

• adding fly ash in an amount from 5% to 30% of the cement mass as a replacement for 

sand resulted in a decrease in strength parameters compared to the control mortar 

(compressive strength up to 7.8% and bending strength up to 36.3%). It should be noted 

that the results obtained for mortars modified with ash had lower strength parameters, but 

they met the standard requirements when using a given cement. 
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