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Abstract. The article is devoted to the description of the current state of 

knowledge about the possibilities of sustainable use of granite powder 

waste for manufacturing of cementitious composites. Granite powder 

waste is waste material resulting from the treatment of granite stone. In dry 

form, it is harmful to the environment and causes its degradation. One way 

to reduce its harmful effects is to use it for the sustainable production of 

cement composites and to use it as supplementary cementitious material 

(SCM). The results of researches carried out so far related to the impact of 

granite powder waste on the properties of fresh and hardened cementitious 

mixes are described. These results were compared and research gaps 

related to these studies were indicated. In summary, conclusions have been 

pointed out that indicate that granite powder waste can potentially be used 

as supplementary cementitious material, but comprehensive, 

comprehensive research related to this additive should also be carried out.  

1 Introduction  

Cementitious composites are one of the most widely used building materials in civil 

engineering industry. According to [1] from around the world the production and 

consumption of cement are constantly increasing. It should be emphasized that due to the 

very high CO2 emissions during its production and hydration, cement is one of the most 

environmental-impact building materials. In addition, storage of this hazardous material is 

very difficult [2–4]. The material characteristics of cement make it also dangerous, as it can 

cause pneumococcus or cancer [5, 6]. All these elements mean that for several decades 

materials have been sought that can reduce the amount of cement used. These types of 

materials are called supplementary cementitious materials (SCM's). The most popular 

materials of this type include fly ash, limestone or marble powder [7–13]. 

Fly ash is a material formed as a result of burning fossil fuels. Nevertheless, in the case 

of fly ash, its significantly increasing consumption caused that this material ceased to be 

perceived as waste, and became a product whose price has increased significantly in recent 

years. This fact is further compounded by restrictions on the reduction of fossil fuel 
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consumption and CO2 emissions by this industry. All these elements cause that more 

ecological materials, which are often waste, are being sought in order to use them in 

sustainable production of cementitious composites. Raw materials used for this purpose are 

powders: limestone, marble or granite. While the addition of limestone or marble powders 

is well researched by researchers, granite powder is still poorly studied and there is a lack 

of comprehensive research on this material.  

Granite powder granulation depends on the process resulting in and is characterized by 

two basic types. The first type can be sourced from cutting granite rocks (90% grains 0-

0.2mm). The second type can be sourced from crushing granite rocks (90 % of grains with 

a size of 0-1.0mm). The Figure 1 shows the processing process of granite rocks, which 

results in a granite powder waste. 

 

Fig. 1. Granite rocks processing, which result is granite powder waste. 

Unfortunately, but the current lack of use of granite powder in any industry on a 

significant scale, caused that the deposits of this material increased enormously. This 

problem has been further compounded by the rapid development of Polish granite 

processing companies. All these elements have created a huge environmental problem. 

Growing deposits of granite powder waste due to the lack of its use and incompetent 

recycling policy, are already causing environmental degradation (dusting of plants, 

penetration of granite powder into water, change in pH of agricultural soils, landslides). All 

these negative aspects meant that researchers from around the world began to look for the 

possible use of granite powder for the mass production of various types of materials [14]–

[18][19]. Figure 2 presents a graph of the change in the number of published articles on 

granite powder in recent years. 
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Fig. 2. Number of publication related with granite powder in last 10 years (data from ScienceDirect, 

Elsevier, date of search:20.10.2019r.). 

One of the key example of this type solution is the use of granite powder as SCM. 

Considering the above, the article presents a literature review on the topic of using granite 

powder waste in the production of cementitious composites. The properties of the granite 

powder waste are described in comparison to other commonly used additives for 

cementitious mixtures, and attention is paid to the impact of granite powder waste on the 

properties of fresh and hardened cementitious mix. The aim of the article is also to 

investigate the potential of using granite powder waste as supplementary cementitious 

materials and to get acquainted with the experiences of researchers dealing with granite 

powder waste investigating.  

2 Selected properties of granite powder waste  

As mentioned in the introduction the granite powder is waste resulting from the processing 

of granite rocks (crushing or cutting). The chemical composition of this material depends 

on its origin (in different parts of the world granite has different proportions of chemical 

compounds present), however, it can be determined that granite powder is generally 

characterized by chemical compounds: SiO2: 50-80% Al2O3: 10-20% CaO: 5-15% K2O: 2-

5% Fe2O3: 3-8% and others: <2%. Table 1 present comparing of basic chemical and 

physical properties of the most commonly used SCM’s. 

Table 1. Selected chemical and physical properties of granite powder waste in comparison with 

cement and other commonly used supplementary cementitious materials (SCMs). 

Chemical 

compound 

Cement 

CEM I [7, 

20] 

Siliceous 

fly ash [2, 

5, 6] 

Marble 

powder [9–

11], [21] 

Limestone 

powder [22, 

23] 

Granite powder 
[16, 21, 24] 

- [%] 

Chemical properties 

SiO2 20-22 47-52 3-10 10-15 50-80 

Al2O3 3-5 20-29 <1 2-5 10-20 

Fe2O3 3-5 5-9 <1 1-3 3-8 

CaO 55-80 3-6 40-60 40-50 5-15 
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It can be seen that the chemical properties of supplementary cementitious materials are 

varied and different from the chemical properties of cement. Nevertheless, proper physical 

cement and SCM's are similar to each other. 

The microstructure of granite powder is well known and was determined based on 

images from scanning electron microscopy (SEM). Researchers [2], [15] noticed that the 

appearance, shape and size of granite powder grains is similar to cement, so in 

morphological terms it is ideally suited to replace it in cementitious mixes. 

3 Properties of fresh cementitious mixes modified by granite 
powder waste  

There are many research hypotheses regarding the effects of SCMs on the properties of 

fresh cementitious mixes. However, in the case of mineral powders, they usually do not 

significantly change the properties of the modified mix compared to the reference mix. This 

hypothesis is also confirmed with regard to the effect of granite powder on the properties of 

fresh cement mix. The table 2 presents the results of state of the art correlated with research 

on the effect of granite powder addition on the properties of fresh cementitious mix. 

Table 2. Effect of granite powder addition on properties of fresh cementitious mixes. 

MgO 1-3 2-5 5-20 1-3 2-5 

SO3 2-5 <1 <1 <1 <1 

Na2O <1,0 <1,5 <1 <1 1-3 

K2O <1,0 2-3 <1 <1 2-5 

Physical properties 

Specific gravity 3,15 2,5 2,6 2,7 2,5 

Blaine specific 

surface area [cm2/g] 
3500-4500 3500-4500 3200-4000 7500-8500 3500-4500 

Investigated by 
Slump 

flow 

Setting time - 

initial 

Setting time - 

finish 

Air content Density 

Shamsabadi et al. 

[25] 

No 

significance 

change 
Not investigated 

 

Not investigated 

Not investigated 

 

Lower density 

as the additive 

increases 

Nepomuceno et 

al. [16] 

More dense 

Not 

investigated 

Hunger et al. [22] 
More dense 

Singh et al. [26] 
More dense No significance 

change 

Singh et al. [27] 
More dense 

Not investigated 

 

Gupta et al. [28] 

No 

significance 

change 

Sadek et al. [21] 

No 

significance 

change 

Medina et al. [29] 

Not 

investigated 

 

Lower initial 

time 

Lower finish 

time 
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Analysing Table 2, it should be stated that granite powder has been increasingly tested in 

recent years. However, these studies usually concern the same properties, and in addition 

the results obtained by individual authors are varied. There are also many research gaps that 

should be filled to assess the possibility of using granite powder as supplementary 

cementitious materials. 

4 Properties of hardened cementitious mixes modified by 
granite powder waste  

The most important property of cement composites are mechanical properties. Mechanical 

properties determine the durability of elements made of cement composites. It is therefore 

intended that during the analysis of whether a given material can be seen as SCM, its 

impact on the properties of hardened cementitious mixes be controlled. Table 3 shows a 

literature review of the properties of hardened cementitious mixes modified by granite 

powder additive. 

Table 3. Effect of granite powder addition on properties of hardened cementitious mixes. 

Analysing Table 3, it should be noted that among the selected properties of hardened 

cementitious mixes only compressive strength was studied by all researchers. The results 

obtained by researchers differ significantly, which means that there is still a large research 

gap in this topic. It should be noted that the other studies were rudimentary and do not 

Investigated 

by 

Compressive 

strength 

Bending 

tensile 

strength 

Water 

absorption 
Porosity 

Adhesion 

test 

Abrasion 

resistance 

Shamabadi et 

al. [25] 
Decreases  Decreases 

Not 

investigated 

Not 

investigated 

Not 

investigated 
Not investigated 

Gupta et al. 

[28] 

No 

significance 

change 

No 

significance 

change 

No 

significance 

change 

Increases 
No significance 

change 

Manikandam 

et al. [30] 
Increases Increases 

No 

significance 

change 
Not 

investigated 
Not investigated 

Gao et al. [2] Decreases 
Not 

investigated 

Not 

investigated 

Hunger et al. 

[22] 
Increases 

Singh et al. 

[26] 

No 

significance 

change 

Increases Increases 
No significance 

change 

Al-

Hamaiedeh et 

al. [31] 

Increases 
Not 

investigated 

Not 

investigated 

Not investigated 

Medina et al. 

[29] 
Decreases Decreases 

No 

significance 

change 

Marmol et al. 

[32] 
No 

significance 

change 

 

Not 

investigated 

Not 

investigated 

Ramos et al. 

[17] 

No 

significance 

change 

Li et al. [33] 
Not 

investigated Sadek et al. 

[21]  
Increases Decreases 

No significance 

change 
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allow the conclusion that granite powder can be used as supplementary cementitious 

material. 

5 Economic aspect of using supplementary cementitious 
materials in cementitious mixes 

When analysing the possibility of using the material as an additive to cementitious mixes, 

one should check the profitability of this solution. For this purpose, an economic analysis 

was performed, which compared the prices of cement blended with the most commonly 

using SCM's mixtures [Tab.4]. The average price of cement uccement = 74.66 €/ton, average 

price siliceous fly ash ucfly ash = 34.25 €/ton, average price marble powder ucmp = 250.41 

€/ton, average price limestone powder uclp = 27.27 €/ton, average price granite powder ucgp 

= 5,15 €/ton. The costs of other ingredients of cementitious mixes and transport costs were 

excluded. The cost of blended cement with SCM's was calculated for three different sizes 

of SCM's additions: 10, 20 and 30% along with a simultaneous reduction in the amount of 

cement. In order to compare the results, the ECR coefficient [-] was introduced into the 

reference mortar. 

 = 


 × 100% %                               (1) 

Table 4. Economic analysis of costs cement blended with the most commonly using SCM’s. 

 
Ingredient Mixes 

Cement 

ratio 

SCM 

ratio 
uccement ucSCM ccement cSCM cmixes ECR 

[-] €/ton € [-] 

1 Cement Reference 1 0 

74.66 

- 74.66 0.00 74.66 100% 

2 

Siliceous 

fly ash 

10% 

SCM 
0.9 0.1 

34.25 

67.19 3.43 70.62 95% 

3 
20% 

SCM 
0.8 0.2 59.73 6.85 66.58 89% 

4 
30% 

SCM 
0.7 0.3 52.26 10.28 62.54 84% 

5 

Marble 

powder 

10% 

SCM 
0.9 0.1 

250.41 

67.19 25.04 92.24 124% 

6 
20% 

SCM 
0.8 0.2 59.73 50.08 109.81 147% 

7 
30% 

SCM 
0.7 0.3 52.26 75.12 127.39 171% 

8 

Limestone 

powder 

10% 

SCM 
0.9 0.1 

27.27 

67.19 2.73 69.92 94% 

9 
20% 

SCM 
0.8 0.2 59.73 5.45 65.18 87% 

10 
30% 

SCM 
0.7 0.3 52.26 8.18 60.44 81% 

11 

Granite 

powder 

10% 

SCM 
0.9 0.1 

5.15 

67.19 0.52 67.71 91% 

12 
20% 

SCM 
0.8 0.2 59.73 1.03 60.76 81% 

13 
30% 

SCM 
0.7 0.3 52.26 1.55 53.81 72% 

Summing up Table 4, it should be stated that granite powder has the greatest potential to be 

used as an SCM in economic terms. Reducing the amount of cement with granite powder 

can reduce its cost by up to 28% compared to the reference mix. In addition, granite flour in 
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Summing up Table 4, it should be stated that granite powder has the greatest potential to be 

used as an SCM in economic terms. Reducing the amount of cement with granite powder 

can reduce its cost by up to 28% compared to the reference mix. In addition, granite flour in 

economic terms significantly more favourably affects the price of cementitious mixes than 

other SCM's listed in Table 4. 

6 Conclusions 

The article is devoted to the description of the current state of knowledge about the possibilities of 

sustainable use of granite powder waste for manufacturing of cementitious composites. The results of 

researches carried out so far related to the impact of granite powder waste on the properties of fresh 

and hardened cementitious mixes are described. Based on the analysis carried out, the following 

conclusions were drawn: 

• granite powder waste has significant potential associated with reducing the amount of 

cement in cementitious mixes and reducing the amount of CO2 emissions formed during 

the cement hydration reaction, 

• there are a lot of research gaps regarding the properties of fresh cementitious mixes 

modified by granite powder, which should be filled due to the huge potential of using 

granite powder waste as SCM, 

• granite powder waste is the most cost-effective additive to cementitious mixes, which 

does not significantly change their mechanical properties, 

In order to determine the true potential of granite powder waste as a supplementary 

cementitious material (SCM), it is planned to carry out in the future such tests as: the 

possibility of a pozzolanic reaction, changes in the properties of fresh cementitious mixes, 

changes in the cement hydration process caused by the addition of granite powder waste. 
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