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Use of Firewood Ash Waste in Electrical Siliceous Porcelain
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The use of firewood ash waste for the production of electric porcelain can represent an important 
technological and environmental alternative for the final disposal of this abundant solid waste material. 
This work aims to study the effect of replacing of sodium feldspar (albite) for firewood ash waste in 
electrical siliceous porcelain formulation. The firewood ash waste was obtained from a ceramic plant 
located in south-eastern Brazil (Campos dos Goytacazes-RJ). For this purpose, siliceous porcelain 
formulations containing up to 4.2 wt.% of firewood ash waste as a replacement for sodium feldspar were 
prepared. Disk specimens were pressed and fired at 1300 °C using a fast-firing cycle. The porcelain 
specimens were tested to determine their technical properties (linear shrinkage, water absorption, 
apparent porosity, apparent density, tensile strength, and electrical resistivity). The results indicated 
that test specimens containing up to 4.2 wt.% of firewood ash waste have high potential for use as 
electrical siliceous porcelain material. Thus, an alternative use of firewood ash waste is proposed, 
which can be converted into economic gain and also contribute for the environmental sustainability.
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1. Introduction

It is well known that pollutant industrial solid wastes have 
become a serious problem for environmental sustainability 
worldwide. In addition, the final disposal of industrial solid 
waste in a sustainable way is considered a complex and 
expensive issue. For this reason, the use of solid waste is 
increasing in many industrial sectors, including the ceramic 
sector for production of several ceramic materials1,2. In 
the ceramic sector the conventional raw materials could 
be partially or totally replaced by industrial solid wastes 
promoting environmental sustainability. However, in order 
to be considered as an alternative raw material, the solid 
waste must be carefully characterized so that its behavior 
during processing and its effects on the final products are 
foreseen3,4.

The ceramic industry of the Campos dos Goytacazes-RJ 
region uses firewood as the main source of fuel in the process 
of firing its ceramic products. A further question arises to be 
solved by companies with the by-product of the combustion 
of firewood called firewood ash waste. Such firewood ash 
wastes generated in large scale have been mainly disposed of 
inappropriately or stored in landfills, resulting in economic 
and environmental problems. For this reason, these solid 
wastes have been characterized and used all over the world, 
not only to avoid being deposited in landfills, but also to 
cause benefits such as pH adjustment of agricultural soils5,6. 
In addition to this, firewood ash wastes have also been tested 
for the manufacture of ceramic products7-9.

Triaxial porcelain is one of the most widely studied types 
of ceramic materials. It consists mainly of clay, quartz and 
feldspar, and has several applications, among them, electrical 
insulation material3. Due to their complexity, porcelain 
materials are still researched and developed. Therefore, there 
are still significant challenges regarding the understanding 
of porcelains in relation to raw materials, processing, phases 
and microstructural evolution10,11.

Porcelain is called "siliceous" if quartz is used as filler and 
"aluminous" if bauxite or alumina is used for this purpose12. 
Electrical siliceous porcelain is mainly used for the production of 
low voltage insulators and in telecommunications engineering. 
These elements do not need high mechanical strength, but 
need to demonstrate high durability and reliability13. Due 
to the high costs of manufacturing process of porcelain by 
using pure raw materials, these have become less attractive 
for applications such as electrical insulators, while some 
materials such as polymers, glasses and composites have 
been considered low-cost alternative to electrical insulation. 
Thus, research on reducing the production costs of porcelain 
insulators is an urgent task for companies14. In this context, the 
use of solid wastes to produce electrical porcelain materials 
has been tested15-17. However, the use of firewood ash waste 
in the production of electrical siliceous porcelain has not yet 
been investigated.

The main objective of this work was to investigate the 
possibility of incorporation of firewood ash waste as partial 
substitute of sodium feldspar in siliceous porcelain bodies, 
to be used as electrical insulation material.
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2. Materials and Methods

In this study, siliceous porcelain formulations containing 
up to 4.2 wt% of firewood ash waste were prepared 
(Table 1). The raw materials used were plastic clay, kaolin, 
quartz, sodium feldspar and firewood ash waste generated 
during the firing process of red ceramic products. Kaolin, 
quartz and sodium feldspar are commercial raw materials, 
with a particle size of less than 45 µm. The samples of 
plastic clay and firewood ash waste were collected at Arte 
Cerâmica Sardinha, Campos dos Goytacazes-RJ, Brazil. 
The plastic clay and firewood ash waste were dried in an 
oven at 110 °C for 24 h, dry-ground in a ball mill, and then 
sieved to the desired particle size (< 45 µm). The standard 
formulation of siliceous porcelain (formulation M0) used 
as reference is composed of plastic clay (29 wt.%), kaolin 
(25 wt.%), quartz (25 wt.%) and sodium feldspar (21 wt.%). 
In the other formulations, sodium feldspar was partially 
replaced by firewood ash waste (Table 1). The chemical 
composition of the raw materials was determined by 
X-ray fluorescence (Phillips, PW2400). The mineralogical 
analysis was performed by X-ray diffraction (XRD-7000, 
Shimadzu) with Cu-Kα radiation at a scanning speed of 
1.5 ° (2θ)/min. ICDD-JCPDS cards were used to identify 
the mineral phases.

All porcelain formulations (Table 1) were mixed, 
homogenized and microgranulated through the dry 
process. The porcelain formulations were moistened 
with 7 wt.% of water and pressed into a steel mold, 
such as disk specimens (25 mm in diameter and 10 mm 
in height), under uniaxial pressing at 50 MPa. After the 
conformation, the specimens were dried at 110 ºC for 
24 h and fired at 1300 ºC in a laboratory electrical kiln 
(FSQC-1300/3 model, Maitec), by using a fast-firing 
cycle (< 60 min).

Table 1. Siliceous electrical porcelain compositions.

Formulations
Clays (wt.%) Fluxes (wt.%)

Quartz (wt.%) Substitution (wt.%)
Clay Kaolin Feldspar Ash

M0 29.00 25.00 21.00 0.00 25.00 0.00
M1 29.00 25.00 19.95 1.05 25.00 5.00
M2 29.00 25.00 18.90 2.10 25.00 10.00
M3 29.00 25.00 17.85 3.15 25.00 15.00
M4 29.00 25.00 16.80 4.20 25.00 20.00

The following technical properties of the fired specimens 
were determined: water absorption, apparent porosity, apparent 
density, linear shrinkage, tensile strength, and electrical 
resistivity. The water absorption values were obtained from the 
mass differences between the saturated specimens and heated 
with water (immersed in boiling water for 2 h), according to 
ASTM C 373-72. The apparent porosity of the specimens was 
calculated according to the standard ASTM C 373/94-88. The 
apparent density was measured by the Archimedes method. The 
values of linear shrinkage were evaluated from the variation of 
the diameter of the disk specimens. The mechanical strength of 
the fired specimens was determined in terms of tensile strength 
by using an universal test machine (Instron model 5582). 
The crossbar speed was held at 0.5 mm/min.

The volume electrical resistivity measurements were 
determined by using a digital multimeter with configuration 
for 2-wire Ohms measurements (3458A model, Agilent 
Technologies). The two conductive plates involving the 
test specimens were painted with silver conductive ink and 
cured at 120 ºC for 10 min. All electrical measurements 
were carried out at room temperature.

3. Results and Discussion

The chemical compositions of the raw materials are given 
in Table 2. The results indicated the higher presence of silicon 
oxide (SiO2), except in the firewood ash waste sample. It can 
also be seen that the firewood ash waste sample contains a 
high amount of fluxing oxides, mainly calcium oxide (41.59 
wt.% of CaO) and high loss on ignition (35.15 wt.%). This 
result is in agreements with chemical composition data of 
firewood ash waste found in literature7,8. Thus, firewood ash 
waste as a partial substitute for sodium feldspar has a high 
potential to influence the densification behavior of electrical 
siliceous porcelain formulation.

Table 2. Chemical composition of the raw materials (wt.%).

 SiO2 Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 TiO2
*LOI

Plastic clay 43.39 31.06 1.15 3.86 0.78 0.43 <0.04 0.25 1.07 1.31 16.66

Kaolin 49.07 33.74 0.30 0.22 1.97 0.061 - 0.52 - <0.01 14.01

Quartz 98.97 0.41 <0.01 <0.01 0.18 <0.01 - 0.13 - 0.019 0.26

Feldspar 69.55 18.82 0.17 0.14 1.47 0.09 - 9.63 - 0.017 0.32

Ash waste 1.76 1.40 41.59 1.06 7.28 6.96 0.50 1.63 2.57 0.10 35.15
*LOI: loss on ignition.
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The mineral phases of the raw materials identified 
by X-ray diffraction are given in Table 3. The siliceous 
porcelain formulations are mainly composed of kaolinite 
(Al2O3.2SiO2.2H2O), quartz (SiO2), albite (NaAlSi3O8), and 
calcium carbonate (CaCO3). These results are in agreement 
with the chemical composition data (Table 2). As expected, 
commercial kaolin, quartz, and sodium feldspar are mainly 
composed of kaolinite, quartz and albite, respectively. The 
plastic clay sample is mainly composed of kaolinite with 
gibbsite, goethite, mica and quartz as accessory minerals. 
Such a mineral composition is typical of red clays from 
the Campos dos Goytacazes-RJ region18. The firewood ash 
waste sample presented a complex mineral composition 
with calcium carbonate in form of calcite (CaCO3) as major 
mineral phase. This is in accordance with the literature19.

The water absorption of the fired specimens is shown in 
Figure 1. Water absorption is a physical property used in technical 
standards to specify ceramic products for various applications. 
Electrical porcelains, in particular, shall have a maximum water 
absorption value equal to 0.5 %20. The fired specimens whose 
composition had substitution of sodium feldspar for firewood 
ash waste showed adequate water absorption to be considered 
as porcelain. This reduction in the water absorption values can 
be due to the great presence of fluxing oxides (CaO, MgO, and 
K2O) in the chemical composition of the firewood ash waste, 
which aid in the formation of higher quantity of liquid phase 
during the firing process. In addition, the presence of firewood 
ash waste tends to cause a decrease on the viscosity of the 
glassy phase formed. Similar behavior can be observed in the 
apparent porosity of the specimens (Figure 2). The decrease 
in the apparent porosity of electrical porcelain pieces may 
be due to their higher densification and lower open porosity.

The apparent density of the fired siliceous porcelain 
specimens is shown in Figure 3. As can be observed, the fired 
specimens presented apparent density values ranging from 2.24 
to 2.39 g/cm3, which are adequate for production de electrical 
siliceous porcelains. In fact, the siliceous porcelains with density 
values ranging from 2.20 to 2.40 g/cm3 are appropriated to be 
used as low-voltage insulators20,21. The results also showed 
that the porcelain specimens with higher amount of firewood 
ash waste (4.20 wt.%) in the composition had lower apparent 
density, which may be due to the closed porosity caused by the 
formation of gas bubbles inside them22-24. This result indicates 
that the replacement of sodium feldspar with firewood ash 
waste in electrical siliceous porcelain formulations is limited.

Table 3. Mineral phases identified in the raw materials.

Raw Material Mineral Phases

Plastic Clay Kaolinite+, gibbsite, goethite, mica and quartz

Kaolin Kaolinite+, mica and quartz

Quartz Quartz+

Feldspar Albite+and quartz

Ash waste Cordierite, calcium carbonate+, dolomite, potassium carbonate, magnesium carbonate, calcium phosphate
+major phase

Figure 1. Water absorption of the fired siliceous porcelain pieces.

Figure 2. Apparent porosity of the fired siliceous porcelain pieces.

Figure 3. Apparent density of the fired siliceous porcelain pieces.
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Figure 4 shows the diametral linear shrinkage of the 
fired specimens. The values of diametral linear shrinkage 
in the range between 8.72 and 10.30 % are suitable for the 
production of electric porcelain. However, the use of higher 
amount of firewood ash waste (4.20 wt.%) caused a reduction 
in the linear shrinkage of the fired specimens. This may be 
due to the swelling of the fired specimens caused by the 
formation of gas bubbles inside them. This is in agreements 
with the results of apparent density.

The volume electrical resistivity values of the fired 
specimens are shown in Figure 6. Note that the specimens 
fired by using a fast-firing cycle presented high values of 
volume electrical resistivity ((~ 1.0 - 4.7 x 109 Ω.m) typical 
of electrical siliceous porcelains20. The electrical resistivity 
of the siliceous porcelain specimens showed an increase with 
the addition of firewood ash waste. This effect is mainly 
related to the change in the composition of the glassy phase, 
which is modified due to the presence of firewood ash waste 
in the siliceous porcelain formulations. Higher amount of 
glassy phase of lower viscosity was probably formed during 
the firing process. According with the literature25,26, the 
increases in the electric resistivity of porcelain specimens 
is connected mainly with the change in the composition 
and viscosity of the glassy phase, namely, with a change 
in the content of fluxing oxides. Thus, siliceous porcelain 
specimens with partial substitution of sodium feldspar for 
firewood ash waste can be considered as a good electrical 
insulation material.

Figure 4. Linear shrinkage of the fired siliceous porcelain pieces.

Figure 5 shows the tensile strength of the fired specimens. 
In this work the mechanical strength of the fired specimens 
was evaluated in terms of tensile strength due to the sample 
geometry (cylindrical disk). The siliceous porcelain specimens 
produced presented values of tensile strength within the 
11.27 - 13.73 MPa range. The results also showed that it is 
not possible to establish a correlation of the tensile strength 
with the amount of added firewood ash waste. In fact, as 
seen in Figure 5, a variation in tensile strength within the 
dispersion limits occurred.

Figure 5. Tensile strength of the fired siliceous porcelain pieces.

Figure 6. Electrical resistivity of the fired siliceous porcelain pieces.

4. Conclusions

The firewood ash waste used in this work is rich in 
fluxing oxides, such as CaO, K2O, and MgO, and therefore 
has high potential to be used as an alternative flux material for 
sodium feldspar (albite) in siliceous porcelain formulations. 
The addition of firewood ash waste affects the composition 
of the glassy phase and technical properties of the fired 
specimens. It was found that the firewood ash waste 
positively influenced the volume electrical resistivity of 
the siliceous porcelain specimens. The results suggest that 
electrical siliceous porcelains containing up to 4.20 wt.% of 
firewood ash waste with good technical properties could be 
produced at 1300 ºC by using a fast-firing cycle. Thus, the 
incorporation of firewood ash waste into electric siliceous 
porcelain formulations can be a favorable alternative to the 
environment and ceramic industry.
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