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Abstract- In this work the results of the research regarding the influence of the addition of bottom ash (coming from the 
combustion of biomass alone in the fluidised-bed boiler) to clay on the selected physical and mechanical properties of 
obtained composite are discussed. The tests were carried out on the samples, in which the contents of bottom ash in relation 
to clay ranged from 5 to 15%. The absorbability, open porosity, apparent density, compression strength and freeze resistance 
have been determined. The obtained test results indicate that the increase of the contents of bottom ash coming from the 
combustion of wood with the addition of coconut shells in clay-ash composite causes the increase of open porosity, 
absorbability and compression strength, but it decreases the freeze-thaw resistance. 
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I. INTRODUCTION 

 

Clay is a basic component of fired, ceramic building 

materials and it can be used also in the building 

industry, in a non-fired form, for constructing the 

walls of buildings, external and internal plasters and 

ceilings. Aside from clay, the fluxes and weakening 

agents, such as quartz sand, quartz schist, chamotte, 

silica rocks, brick scrap, or fly-ashes from the 
combustion of hard coal are used for the production 

of ceramic materials. The applied additions improve, 

depending on their composition, the mechanical and 

physical properties of ceramic products during drying 

and firing. The reports on the attempts to use waste 

slag, [1-3], silts [4, 5], refractory wool waste [6], 

sludge [7] or waste glass [8] as the weakening 

additive can be also found in literature.  Few works 

regarding an attempt to use fly-ashes coming from the 

process of biomass co-combustion for producing the 

building ceramics [9-11] and concrete [12-15] have 
also appeared. However, there are no literature 

reports on using ashes coming from the process of 

combustion of biomass alone for that purpose. 

 

For a number of years biomass has been co-burnt 

with hard or brown coal in power plants and heat and 

power generating plants. However, during the last 

few years several installations have been launched, in 

which only biomass - i.e. cultivated plants and 

residues from agricultural and forest production, 

generating large amounts of ash, which has not found 

its practical application so far -  is burnt. The ashes 
arising in the process of biomass co-combustion in 

the fluidised-bed boilers differ significantly in respect 

of their physical and chemical properties and 

morphological features from traditional ashes arising 

in the furnaces during the combustion of hard or  

 

brown coal [16-21]. As it results from few literature 

reports, the ashes (fly and bottom), arising during the 

combustion of biomass alone, show even greater 

physico-chemical differences [22-27]. These 

differences come mainly from the type and quality of 

burnt biofuels as well as the parameters of the 

technology applied for individual boiler installations. 

The utilization of larger and larger amount of ashes 

arising from the combustion of biomass, which have 
not found any application so far and are entirely 

deposited on the landfills, constitutes a significant 

issue due to the environmental protection. It seems 

justified to undertake studies which would allow to 

determine the possibility of applying this type of 

waste material for the production of ceramic building 

materials. 

 

In practice, the application of ash from biomass 

combustion requires to determine the characteristics 

of ash produced during the combustion of various 
types of biomass, because the mineralogical and 

organic composition of this waste as well as its 

granulometric composition determine the possibilities 

for its economic utilization or safe disposal. The 

purpose of this research was to demonstrate the 

influence of the addition of bottom ash (coming from 

the combustion of biomass alone in the fluidised-bed 

boiler) to clay on its mechanical properties and 

selected physical features, determining the usability 

of this material for building purposes.  

 

II. EXPERIMENTAL STUDIES 

 

2.1 Materials 

Bottom ash coming from the combustion of biomass 

in the fluidised-bed boiler, in a power plant located in 

the Świętokrzyskie Voivodship and clay with the 
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density of 2.363 g/cm3, coming from Ceramic 

Factory (Cegielnia ANNA) in the Silesian 
Voivodship were used in the tests. The bottom ash 

used in the tests came from the combustion of 

biomass containing 80% of wood-derived waste and 

20% of coconut shells. The chemical composition of 

ash was determined using the X-ray fluorescence 

(ARL Advant'XP spectrometer) and is presented in 

Table 1. The ash was crushed in a disintegrator and 

subjected to grain size analysis, which has showed 

that the grain size fractions 63-100 m (48.6%) and 

56-63 m (25.3%) have the largest share.  
 

Compounds Content, % Compounds 
Content, 

% 

SiO2 89.02 Na2O 0.18 

CaO 3.85 P2O5 0.36 

Al2O3 1.54 TiO2 0.11 

MgO 0.58 SO3 0.49 

MnO 0.17 Cl
-
 0.58 

Fe2O3 1.03 Other 0.02 

K2O 2.07   

Table 1. Chemical composition of bottom ash, % 

 

2.2 Test Methods  

The control samples made of clay alone (C0) and the 

samples of clay composite with the addition of 5, 10 

and 15%, respectively, of bottom ash (C1; C2, C3) 

were prepared. The clay used for the tests was 

subjected to an initial heat treatment (drying in the 

temperature of 105oC5oC), broken up on the jaw 
crusher and in the vibrating mill and sieved through 
the screens. The grain size analysis of clay has shown 

that the grain size fraction below 63 m (74.2%) and 

the grain size fraction 63-100 m (20.1%) have the 
largest share. Then four even portions of clay were 

metered, and the first of them was remained as the 

control sample (C0), and 5, 10 and 15% (by weight, 

in relation to the clay mass), respectively, of the 

bottom ash and a proper amount of water (about 60 

cm3) was added to the others, so that the clay is well 

workable and has a constant nominal yield point. 

Checking of the constant nominal yield point 

consisted in forming a 200-gram clay ball, and then 

dropping it from the height of 2 m onto a flat, not 

rough surface [BN-62/6738-01]. The ball diameter 

after fall was 80±2 mm in all parts of the clay, with 
various ash ratio. For standardizing the results of the 

measurements, it was necessary to maintain a 

constant nominal yield point of prepared samples. 

The cube-shaped samples (dimensions 50×50×50 

mm) were formed of each of the modelling paste (C0-

C3) described above. The formed cubes were dried 

slowly, in a drier, in the temperature of 105oC5oC, 
until achieving the state of a constant mass, so as to 

avoid a sudden shrinkage, which could cause fine 

cracks. The cubes formed of clay and clay-ash 

composite were subjected to firing when the 

difference between individual weighings was not 

larger than 0.2 g. Then the samples were fired in a 

muffle furnace, in the temperature of 900 and 950oC, 
for 4 hours. It has been demonstrated by the 

examination under a high-temperature microscope 

that the initial sintering point of the clay used is 

1967oC, initial softening point 1147oC, ball 

temperature 1316oC, hemisphere (melting) 1316oC,  

and the flow temperature was1404oC. The sintering 

interval was 180oC. 

 

The physical properties of the examined materials 

(clay and clay-ash composites cubes), such as the 

apparent density, open porosity and absorbability, 

were determined using the method of hydrostatic 
weighing, in accordance with PN-70/B-12016 

standard. A basic measuring instrument used in this 

method is a hydrostatic balance, equipped with a set 

for determining the density of solids and liquids. The 

examination was conducted in the environment of 

distilled water (conductivity 0.06 μS/cm), which 

ensured a high purity of the solution, good wetting 

properties and has not shown a chemical reaction 

with the material tested. 

The absorbability, which determines the ability of 

material to absorb water, was calculated as per the 
following formula (1): 

%100



s

sn

m

mm
N     (1) 

 

where: ms - mass of dry sample, [g]; mn – mass of 

sample saturated with liquid, [g]. 

The open porosity, expressing the percentage relation 

of the volume of open pores in a sample to the sample 
volume, including all its pores, was calculated as per 

the following formula (2): 

%100
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where: mw – mass of a sample saturated with liquid 

and weighed in liquid, [g]; ms - mass of a dry 

sample, [g],  mn – mass of a sample saturated with 

liquid, [g]. 
The apparent density, which determines the ratio of 

the mass of a dry sample to the volume of a sample 

including free spaces, so-called pores, was calculated 

as per the following formula (3): 

c

wn

s
p d

mm

m
d 


            (3) 

where: dc – water density in the temperature of 

measurement, [g/cm3]. 
 

The examination of the compression strength was 

conducted on a testing machine, in accordance with 

PN-EN 772-1:2011 standard and freeze resistance 

standard 

 (N-B-12012:2007), where the samples were 

subjected to 20 freeze-thaw cycles (-20oC  20oC). 
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The freeze resistance coefficient was calculated 

according to the following formula (4); 
W= Rz/Rn                (4) 

 

where: Rz means the compression strength of a 

material sample after the last freeze cycle [MPa], a Rn 

– compression strength of a material sample in the 

state of saturation with water not subjected to 

freezing, so-called witness [MPa]. 

 

III. RESULTS AND DISCUSSION 

 

The tests were conducted on the composite samples, 

where the contents of bottom ash coming from the 
combustion of biomass alone in relation to clay 

ranged from 5 to 15%. At the first stage of the 

examination, the physical parameters, such as 

absorbability, open porosity and apparent density, 

were determined. The results of the examination in 

the scope of physical properties of tested materials 

are presented in Table 2, where the average values 

from five measurements for each parameter are 

calculated. As it results from data, the absorbability 

and open porosity of examined materials is increasing 

with the increase of the share of bottom ash in the 
clay. In the case of samples containing 15% of 

bottom ash, fired in the temperature of 900 and 

950oC, the absorbability increased by 8.4 and 13.7%, 

respectively, while the open porosity for the samples 

containing 15% of waste ash increased by 12.7 and 

10.7%, respectively. The formation of larger amount 

of open pores in ceramic materials is beneficial, 

because it improves their insulating power 

parameters. However, the increased open porosity is 

connected also with the increase of the absorbability 

of ceramic materials, which should be taken into 

consideration in a direct exposure of materials to 
atmospheric conditions. 

The results of the tests have shown that the content of 

the bottom ash in the clay-ash composite has a slight 

influence on the volumetric density of the composite. 

The volumetric density of examined samples is 

decreasing slightly with the increase of the amount of 

produced bottom ash. For the samples containing 

15% of bottom ash, fired in the temperature of 900 

and 950oC, it decreased by 0.8 and 2.6% respectively, 

in relation to the control samples.At the next stage of 

the tests, the compression strength and freeze 
resistance of tested materials were determined, and 

the results are presented in Fig. 1.  

 

 
Table. 2. Absorbability (N), open porosity (P) and apparent 

density (dp)of examined ceramic samples fired in the 

temperature of 900
o
C and 950

o
C 

 
Fig. 1. Compression strength and freeze resistance coefficient 

of examined ceramic samples, fired in the temperature of 

900
o
C 

 

The addition of bottom ash causes that the 

compression strength of examined samples decreases 

significantly. The average compression strength of 

clay fired in the temperature of 900oC was 20 MPa, 

and of the clay fired in the temperature of 950oC - 

21 MPa. A change of the compression strength 

average value for the examined samples has not been 

observed along with the increase of the bottom ash 
addition to the clay (irrespective of firing 

temperature). However, along with the increase of the 

ash contents in the samples, the value of the freeze 

resistance coefficient has decreased. The freeze 

resistance coefficient of examined clay (C0 sample) 

amounted to 0.95, while the coefficients for the clay 

samples containing bottom ash (C1-C3) were in the 

range 0.86- 0.90. 

 

IV. CONCLUSIONS 

 
The conducted tests have shown that using the waste 

bottom ash (in the amount of 5-15%), coming from 

the combustion of wood biomass with the addition of 

coconut shells, for the production of clay-ash 

composites, caused the increase of their apparent 

porosity and absorbability and a slight decrease of 

apparent density. The highest absorbability and 

apparent porosity was obtained by the samples 

containing 15% of bottom ash. The absorbability of 

these samples, fired in the temperature of 900 and 

950oC, has increased by 8.4 and 13.7%, respectively, 

in comparison to the control samples, whereas the 
open porosity has increased by 12.7 and 10.7%, 

respectively (in comparison to the control samples). 

The tests have shown that the composite compression 

strength is increasing along with the increase of the 

bottom ash content in the composite. The difference 

in the compression strength between the control 

samples and the samples containing addition of 

bottom ash, ranging from 5-15%, has not been 

observed. Unfortunately, the samples containing 

bottom ash have shown considerably lower freeze 

resistance coefficient (ranging from 0.86 to 0.90) than 
the control sample (0.95). 
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