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The utilization of waste materials as secondary raw materials is found to be generaly 
beneficial for the enviromental reasons (reduction of amount of dumped wastes, lower 
consumption of natural raw materials etc.) and might be also favourable from the economical 
point of view. Hence the growing attention is paid to the wastes recycling in the last decades. 
The coal ashes from power plants and heat generation plants are one of the most important 
wastes when considered their mass. The coal ashes are well known as efficient admixtures in 
cementitious materials, especially in concrete since ash forming oxides (SiO2, Al2O3, Fe2O3) 
are prevailing in their chemical composition and thus can be pozzolanic active. The coal 
ashes can play role of either filler or pozzolanic active admixture in cementitious composites. 
The exact chemical composition and physical properties of ash depend on the composition of 
the burned coal, technology of the burning process, way of desulfurization of flue gases (if 
applied) etc. The chemical and physical properties of ash can vary in time and must be 
checked if the ash is intended to be used as secondary material. 

Relatively new types of waste materials are ashes which are generated by Municipal 
Solid Waste Incinerators (MSWI). MSWI facilities are recently built as an efficient and 
environmental friendly way of reduction of amount of municipal and commercial waste. The 
MSWI ashes contain all non-combustible components of the incinerated waste. Hence their 
composition is much more dependent on the quality of the currently incinerated waste and 
thus varies widely in time. Moreover the used incinerating technology and way of flue gases 
treatment influence the properties and range of the generated ashes as well. The MSWI ashes 
contain – beyond the ash forming oxides and CaO – also soluble salts, heavy metals and 
organics in higher amount than coal ashes [1]. The properties of MSWI ashes are much more 
fluctuating from plant to plant and in time in comparison with coal ashes. These facts 
complicate the utilization of MSWI ashes as secondary raw material. Nowadays these ashes 
are used e.g. as backfill material in civil engineering; the possibility to use the MSWI ashes as 
concrete admixtures is studied currently. The requirements on ash properties important for its 
application in concrete as active admixture or filler were summarized e.g. in [2]. 

The present paper deals with four types of ashes from a modern MSWI plant and three 
types of brown coal fly ashes from power plants. The MSWI ashes were denoted S (bottom 
ash), A and B (two types of boiler ashes) and C (fly ash from electrostatic precipitator). The 
brown coal fly ash L was generated in a fluid boiler in power plant and collected at a fiber 
filter. The fly ashes Z1 and Z2 (the latter is the coarser fraction) came from a conventional 
grate boiler in an industrial steam generation facility. 

The ashes solubility, content of soluble chlorides, nitrates and sulfates and pH of the 
leachate were determined. The ash samples (10 g) were mixed with 100 ml of distilled water 
and let to equilibrate (dissolve) for 1 week. The pH of leachate was determined by help of 
pH/ION inoLab/740, the concentration of ions in the leachate by ionic liquid chromatography. 



The total solubility was determined by help of weighing of the undissolved material. The 
obtained results were summarized in Tab. 1. 

Tab. 1 Chemical properties of studied ashes. 

Ash pH Cl- NO3
- SO4

2- Sol. 
  - wt. % 
A 12.4 0.58 0.02 7.14 12.56 
B 11.6 4.87 0.14 6.12 14.28 
C 10.9 10.68 0.21 7.47 34.31 
S 9.4 0.30 0.00 2.75 5.93 
L 8.2 0.01 0.00 7.47 14.82 
Z1 6.6 0.00 0.00 0.27 0.52 
Z2 6.6 0.00 0.00 1.65 2.14 

            

The solubility of MSWI ashes was generally higher than the coal fly ashes. The MSWI 
bottom ash S (slag) had the lowest solubility from MSWI materials; obviously the content of 
soluble salts in this material was rather low. The content of sulfates and chlorides in S is 
under limits needed for its possible application as concrete admixture [2]. The high solubility 
of MSWI fly ashes A, B and C was caused by their high content of chlorides and sulfates 
(above the requirements in [2]). The pH of leachate of these fly ashes was alkaline which was 
caused mainly by CaO. When one looks at brown coal ashes the only highly soluble is the fly 
ash L. It was collected on the fiber filters used as the last step in flue gases treatment hence 
there were accumulated the finest dust particles. The high sulfate content in this ash was due 
to “in situ” desulfurization technology applied in the fluid boilers. The fly ashes Z1 and Z2 
from the grate boiler had low solubility and also the content of anions was found to be under 
limits.     
 The dissolution behavior of MSWI ashes and coal ashes was found to be different. 
Only the MSWI bottom ash S had acceptable composition for its application in concrete 
production. The fluid coal fly ash contained high amount of sulfates. The grate fly ashes Z1 
and Z2 were the most favorable concrete admixtures at least with respect to the anions content 
and low solubility.         
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