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Preparation and properties of fired clay bricks with added wood ash
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Abstract

This study was designed to determine the effects of wood ash on the physical and mechanical
properties of fired clay bricks. The clay bricks were fabricated with the addition of 0, 4, 8, 12, and
16% by weight of wood ash. Strength development of brick was cased by fired at 900, 1000, and
1100°C for 40 min. The experimental results demonstrated that the physical property and strength of
the fired clay bricks depend on the wood ash content and firing temperature. Higher wood ash content
affected an increase in porosity and water absorption, while the bulk density of the clay bricks was
reduced. The compressive strength of the clay bricks increased with an increase in the firing temperature
or a decrease in the wood ash amount. The minimum compressive strength of fired clay bricks, in
accordance with the ASTM strength requirements, is 17.2 MPa and was satisfied by bricks containing
4% added wood ash fired at 1000 and 1100°C, which attained a compressive strength of 17.9 and
19.4 MPa, respectively. The study confirmed that wood ash is a material that can be used to add extra

1. Introduction

Fired clay brick is a popular building material and has been used
for a long time. This brick has several advantages, including good
thermal insulating property and low price. The disadvantages include
heavy weight and small size. These drawbacks negatively affect its
transportation and also slow down the construction speed. Recently,
a number of attempts have been tried to improve these drawbacks [1].
The development of fired clay bricks to be light weight and good
insulating properties that utilise agricultural and industrial waste
materials has been considered. However, there are other clay brick
properties that have also been claimed to be important [2].

The properties of fired clay bricks depend on the composition
of raw materials, firing temperature, and production method [3].
The use of waste materials as an additive in the clay brick production
allows the improvement of various properties of fired clay bricks
and solves some environmental problems [4]. Agricultural waste is
a common additive in clay bricks (e.g., coconut husk, grass, tea, cotton
stalk, tobacco, rice husk, sugarcane bagasse) [5]. The incorporation
of an additive into clay bricks leads to the generation of pores and
results in reduced thermal conductivity [6,7]. The pores directly
affect the fired clay bricks density and also influence various other
properties of fired clay bricks. The benefits of high clay bricks porosity
are the lightweight and better thermal and sound insulation [8,9].
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porosity during the production of raw clay bricks.

The wood waste from the furniture industry is normally used as
a fuel source in the factory. This waste composes of both inorganic
and organic residues. After burning, a large amount of wood ash is
obtained. The ashes are classified according to the chemical
composition as high calcium ash and high silica ash. The high
calcium group is produced from hardwood, while the high silica
group is generated from rice straw, grass and rice husk. The mixed
wood ash-clay composite was studied for use in the pavement. The
use of wood ash as a fuel source is not only an important point to
the industry, it also helps with environmental conservation [11].

A number of researchers have previously examined the use of
wood ash in cements, ceramics materials, mortar, and concrete
mixtures [12-16]. Admixtures of wood ash and sawdust were
researched in the laterite-clay bricks, which was tested in
accordance with ASTM C67. Wet and dry compressive strength of
the bricks made from the control mix were about 18.4 and 15.2
MPa, respectively. Water absorption of the bricks made from the
control mix was 13-15%. It was reported that wood ash addition
presented lightweight and high porous products [17]. However,
there is still a need to study the effects of wood ash on porosity,
density, and strength characteristics of fired clay bricks.

This study aimed to utilize the wood ash from the power
generating industry in fired clay brick composition. The effect of
wood ash addition in fired clay brick on the physical and mechanical
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properties of fired clay brick was tested. The experimental result
has also been extended to determine the use of its use in the
insulation wall of fired clay brick.

2. Experimental

The clay used in this study was obtained from one of the local
brick plants in Muang District, Nong Khai Province, Thailand. The
mineralogical compositions of the clay and wood ash were analysed
by X-ray powder diffraction (XRD Panalytical X’ Pert PRO MPD,
Netherlands). The chemical compositions of the clay and wood ash
were investigated by X-ray fluorescence (XRF) elemental analysis
spectrometry (Horiba MESA-500W). The particle size distribution
of the raw clay was measured by laser diffraction using a Mastersizer
2000+Hydro 2000 MU (Malvern Instrument Ltd).

In order to study the effects of wood ash on the physical and
mechanical properties of clay bricks, various mixture percentages
of the wood ash were used (i.e., 0, 4, 8, 12, and 16 wt%). The raw clay and
wood ash were mixed using a ball mill to ensure a homogenous mixture.
Then, 15-30% of water was added to the mixture to obtain a desirable
plastic condition. Soft-mud rectangular clay bricks (14 x 6.5 x 4.0 cm)
were formed using brick hand moulding. The brick samples were
air-dried at a temperature range is 30-35°C for 24 h and over dried
at 110+5°C for another 24 h. The brick samples were fired at three
different temperatures (i.e., 900, 1000, and 1100°C) with a heating rate of
3°C-min’t and soaking time of 40 min. Shrinkage was measured following
the ASTM C326-09 standard [18]. Archimedes’ method based on
ASTM C373-14a [19] was used to determine the density, porosity, and
water absorption. The compressive strength of the clay brick samples was

Table 1. Chemical composition of the raw clay and wood ash.

measured in accordance with ASTM C773-88 [20]. The experimental
results from all the tests were the mean values of 10 samples.

3. Results and discussion

The chemical compositions of the raw clay and wood ash are
presented in Table 1. The major components of the raw clay were
silica (SiOz, 60.95 wt%), alumina (Al20s, 16.02 wt%) and iron (1)
oxide (Fe203, 10.43 wt%). The minor components were potassium
oxide (K20, 1.67 wt%), titanium dioxide (TiOz, 1.1 wt%), and manganese
oxide (MnO, 1.07 wt%). The presence of the negligible amounts
of colour oxides (i.e., Fe203) in the raw clay caused the colour
change after firing. The main components observed in the wood ash
were silica (SiOz, 49.0 wt%) and calcium oxide (CaO, 17.30 wt%).
The secondary components present were alumina (Al20s, 3.43 wt%),
iron (111) oxide (Fe20s, 3.29 wt%), manganese oxide (MgO, 2.66 wt%),
potassium oxide (K20, 1.98 wt%), titanium dioxide (TiOz, 1.18 wt%),
sodium oxide (Naz20, 1.02 wt%), and phosphorus pentoxide (P20s,
0.47 wt%). In addition, the loss on ignition (LOI) method was applied
to the raw clay and wood ash after firing at 1000°C that was
constituted 8.10 wt% and 19.46 wt%, respectively.

Figure Lillustrates the X-ray diffraction patterns of the raw clay
and wood ash. The XRD pattern of the raw clay clearly shows
the quartz peak (SiOz), which is the main component of the raw materials.
Besides, it also displays small peaks for the minor components, such
as hematite and muscovite (Figure 1(a)). While, the XRD pattern of
the wood ash also shows quartz and calcium carbonate (CaCOg) as
the main component, (as shown in Table 1) it presents smaller peaks
of wollastonite (CaSiOs) and quartz (Figure 1(b)).

Compositions (wt%o)

Raw materials ~ SiO, Al,O3 Fe,0; CaO K,0 Na,O P,Os TiO, MnO MgO LOI
Clay 60.95 16.02 10.43 0.46 1.67 - - 1.10 1.07 0.75 8.10
Wood ash 49.0 3.43 3.29 17.30 1.98 1.02 0.47 1.18 - 2.66 19.64
a b
( ) Q = Quartz (00-046-1045) ( ) Q = Quartz (00-046-1045)
Q M = Muscovite (00-007-0025) C = Calcium carbonate (01-086-0174)
H = Hematite (01-089-8104) c W = Wollastonite (00-027-0088)
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Figure 1. X-ray diffraction patterns of the (a) raw clay and (b) wood ash.
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The particle size distribution analysis of the raw clay and wood ash
are provided in Figure 2. The result revealed that the particle size ranges
from 1-60 um for the raw clay, and an average particle size D [4,3]
(Volume mean diameter) equals to 12.05 um (Figure 2(a)). While the
particle size of wood ash is size in the ranges 0.01-1 um, and an average
particle size D [4,3] equals to 0.06 um (Figure 2(b)). In addition,
the raw clay used in the experiment was dark in colour. The particle size
distribution of both raw materials is provided good compactness.

The morphology of the raw materials was investigated by the
scanning electron microscope (SEM) (Figure 3). The SEM images
of the raw clay powders revealed that the particles were different in
morphologies, sizes, and agglomeration. The average particle size
ranged from 2-40 pm (Figure 3(a)). These observations were in line
with the particle size distribution as shown in Figure 2(a). The wood ash
powder morphology (Figure 3(b)) contained particles of various
sizes and shapes.

In general, firing shrinkage used in shaping the clay bricks
occurs due to water escape from a clay body. When the clay body

(a) 10— 100
B 2
£
- 5]
< 6 £
< =
%]
£
Cha ]
s =
=
g
24 o}
0—
e T T
0.01 0.1 1 10 100 1000

Particle Diameter (pm)

Figure 2. Particle size distribution of the (a) raw clay and (b) wood ash.

loses some water, the solid particles move closer together, resulting in the
shrinkage of clay bricks [2,8]. Also, the firing shrinkage is associated with
the degree of sintering of the sample. Normally, good quality clay
bricks exhibit shrinkage below 8% after firing [21]. In this study, the
clay bricks were fired at 900-1100°C with the added wood ash to
increase the clay brick porosity. It was expected that the shrinkage after
firing was to be higher with the increased amount of wood ash in the
clay body mixture. The clay brick characteristics were also expected to
change after firing at various temperatures. Because of the sintering is
the bonding together of particles at high temperatures. Particles sinter
by atomic movies that eliminate the high surface energy
associated with the powder. On firing the cohesive necks grow of
the particle contacts occur. The neck growth causes the shrinkage,
porosity, density and mechanical changes. The results showed that
the shrinkage of the fired clay bricks was in the range of 4.24-6.84%
(Figure 4(a)). The control portion of the fired clay bricks (i.e., without
any wood ash) had comparable firing shrinkage values of 4.72, 5.94,
and 6.35% after firing at 900, 1000, and 1100°C, respectively.
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Figure 3. SEM images of the raw materials: (a) raw clay and (b) wood ash.
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Figure 4. Physical properties of the samples fired at 900-1100°C with 0-16 wt%
of wood ash: (a) firing shrinkage, (b) water absorption, (c) apparent porosity,
and (d) bulk density.
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Figure 5. Compressive strength of the fired clay bricks.

Water absorption values of the fired clay bricks are presented in
Figure 4(b). The durability of fired clay bricks is related to their
water absorption. When water infiltrates into a clay brick, it decreases
its durability [2]. During the experiment, the water absorption values

slightly increased with the augmented amount of wood ash and
constituted 12.3-25.2%. Furthermore, it was found that the water
absorption decreased when the bricks were fired at higher temperatures.
The control brick samples had comparable water absorption values
of 10.8-14.5%. The water absorption values obtained in this study
were consistent with ASTM C62-13a, where the Grade MW and
SW bricks must have an average maximum absorption of 22.0% and
17.0%, respectively. The water absorption values typically conform
to the apparent porosity values of the fired clay bricks.

Clay brick apparent porosity directly affects its water absorption.
Therefore, the test results for water absorption and apparent porosity
tend to coincide [2,22]. High porosity of fired clay bricks is beneficial
for their thermal properties. Fired clay bricks with high porosity
have low thermal conductivity, which is favourable for their thermal
insulating properties [8]. This study showed that the apparent porosity
of the fired clay bricks depended on the amount of the added wood ash
and firing temperature. The highest porosity obtained in the fired
clay bricks was 40.3% (16% of wood ash, 900°C firing temperature).
The lowest porosity obtained in the clay bricks was 21.3% (4% of
wood ash, 1100°C firing temperature) (Figure 4(c)). The brick porosity
increased with an increased wood ash content due to the burning
out of the wood ash during the firing process. However, when firing
at higher temperatures, the porosity decreased because of the increase
in the particles contacts occur, and, as a result, decrease porosity.

Fired clay brick density is an important parameter for the clay
brick performance [8,23]. The clay brick density is essential in terms
of the reduction of the overall dead load and improvement of the
thermal properties. Therefore, when the fired clay brick density
increased during the experiment, the clay brick strength increased,
and the water absorption decreased. The test results illustrate that
the bulk density values of the samples with the added wood ash varied
from 1.45 to 1.81 g-cm (Figure 4(d)). This figure showed that the
bulk density tens to decrease with increasing of wood ash addition.
However, the bulk density tens to increase with increasing of firing
temperature. Evidently, the bulk density controlled the durability
and water absorption characteristics of the fired clay bricks.

Compressive strength of fired clay bricks is the most important
engineering-quality index for a construction material [23,24]. ASTM
C62-13a specifies that the Grade MW bricks must have the minimum
compressive strength of 17.2 MPa. In this study, the compressive
strength of the fired clay bricks greatly depended on the amount of
the added wood ash and firing temperature. The strength of the
clay bricks increased with an increase in the firing temperature and a
decrease in the wood ash amount. In the case of high temperatures,
the compressive strength augmented due to the reduction in porosity
and increase in density, because of the sintering is the bonding
together of particles. For the case of wood ash addition, compressive
strength was increased with a decrease of wood ash amount due to
reduce in porosity in the fired clay bricks. The compressive strength
for all of the samples varied from 7.42 to 19.4 MPa with the added
wood ash ratios ranging from 4 to 16 wt% (Figure 5). The best results
were derived with a mixture ratio of 4 wt% of wood ash for the bricks
fired at 1000 and 1100°C, where the compressive strength varied
between 17.9 and 19.4 MPa, respectively. These compressive strength
values are adequate in comparison to 17.2 MPa, as required by
the ASTM standard.
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1000 °C
1100 °C

Figure 6. Cross-sectional view of the clay brick samples fired at 900-1100°C with different percentages of the wood ash.

Figure 6 illustrates a comparison of the surface textures of
the clay brick samples with 4, 8, 12, and 16 wt% of the added wood ash.
Those samples demonstrated different types of visible pores when
fired at 900-1100°C. High porosity was observed in the fired clay bricks
with a high content of the wood ash. Although an increase in porosity
causes a reduction in compressive strength, it can be balanced by firing at
higher temperatures [25]. It was also found that the chemical
composition of raw clay and firing temperature could affect the colour
of clay bricks. The effect of the added wood ash on the clay bricks
can be observed in the cross-sectional view of the sample. It can be
seen that the firing temperature of 900°C, the colour of bricks changed
with increasing wood ash. At 16 wt% of wood ash, the colour of the
bricks changed significantly and resembled the colour of good
burnt bricks. At high amount of wood ash, the burning is more
intense as the wood ash was also burnt and contributed to the
development of bricks. At firing temperature of 1000 and 1100°C,
the obtained bricks showed similar colour of good burnt bricks.
The increase in wood ash content resulted in slight increase in the
darker shade of the fired bricks.

4. Conclusions

The physical and mechanical properties of the fired clay bricks
with the addition of the wood ash were studied. The sample compressive
strength decreased with the addition of the wood ash and increased
with an increase in the firing temperature. The sample compressive
strength was reduced with a decrease in density owing to the formation
of porosity in the fired clay bricks compared to the control clay bricks
without any added wood ash. The decreased density of the fired
clay bricks is useful for making bricks lighter. The compressive strength
must be at an acceptable level following the established ASTM

J. Met. Mater. Miner. 30(4). 2020

standards (C773-88) and not less than 17.2 MPa. In this study, the best
compression strength was obtained for the clay bricks with a mixture
ratio of 4 wt% of wood ash and fired at 1000-1100°C. The compressive
strengths obtained were 17.9 and 19.4 MPa, respectively, thus in
accordance with the aforementioned standard.

Acknowledgements

This study was fully supported by the Research and Academic
Services Transfer Affairs of Khon Kaen University and was partially
financed by the Integrated Research Unit for Energy and Environment
of Khon Kaen University. Furthermore, the authors also would like
to acknowledge the financial supports from Rajabhat Maha Sarakham
University.

References

[1] N. Phonphuak, and P. Chindaprasirt, “Types of waste, properties
and durability of pore forming waste-based fired masonry
bricks,” 1st End, Woodhead Publishing, pp, 103-127, 2014.

[2] N. Phonphuak, S. Kanyakam, and P. Chindaprasirt, “Utilization
of waste glass to enhance physical-mechanical properties of
fired clay brick,” Journal of Cleaner Production, vol. 112, pp.
3057-3062, 2016.

[3] S.M.S.Kazmi, M.J. Munir, I. Patnaikuni, Y.F. Wu, and U. Fawad,
“Thermal performance enhancement of eco-friendly bricks
incorporating agro-wastes,” Energy and Building, vol. 158,
pp. 1117-1129, 2018.

[4] L. Zhang, “Production of bricks from waste materials-A review”,
Construction and Building Materials, vol. 47, pp. 634-655,
2013.



[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Preparation and properties of fired clay bricks with added wood ash 89

S. Karaman, H. Gunal, and S. Ersahin, “Quantitative analysis
of pumice effect on some physical and mechanical properties
of clay bricks,” Applied Clay Science, vol. 8, pp. 1340-1345, 2008.
M. Sutcu, “Influence of expanded vermiculite on physical
properties and thermal conductivity of clay bricks,” Ceramics
International, vol. 41, pp. 2819-2827, 2015.

R. Sukkae, S. Suebthawilkul, and B. Cherdhirunkorn,
“Utilization of coal fly ash as a raw material for refractory
production,” Journal of Metals, Materials and Minerals,
vol. 28, pp.116-123, 2018.

N. Phonphuak, and P. Chindaprasirt, “Utilization of sugarcane
bagasse ash to improve properties of fired clay brick,” Chiang
Mai Journal of Science, vol. 45, pp.1855-1862, 2018.

M.L. Gualtieri, A.F. Gualtieri, S. Gagliardi, P. Ruffini, R. Ferrari,
and M.J. Hanuskova, “Thermal conductivity of fired clays:
Effects of mineralogical and physical properties of the raw
materials,” Applied Clay Science, vol. 49, pp. 269-275, 2010.

P. Subramaniam, K. Subasinghe, and W.R. Keerthi Fonseka,
“Wood ash as an effective raw material for concrete blocks,”
International Journal of Research in Engineering and
Technology, vol. 4, pp. 228-233, 2015.

M.K. Sahu, and L. Singh, “Critical review on types of bricks
type 13: wood ash bricks,” International Journal of Mechanical
and Production Engineering, vol. 5(11), pp 80-83, 2017.

L. Fusade, H. Viles, C. Wood, and C. Burns, “The effect
of wood ash on the properties and durability of lime mortar for
repointing damp historic building,” Construction and Building
Materials, vol. 212, pp. 500-513, 2019.

R. Siddique, “Utilization of wood ash in concrete manufacturing,’
Resources Conservation and Recycling, vol. 67, pp. 27-33, 2012.
D. Eliche-Quesada, M.A. Felipe-Sesé, J.A. Lopez-Pérezv and
A. Infantes-Molina, “Characterization and evaluation of rice

i

husk ash and wood ash in sustainable clay matrix bricks,”
Ceramics International, vol. 43, pp. 463-475, 2017.

A. Ukwatt,a and A. Mohajerani, “Characterisation of fired-clay
bricks incorporating biosolids and the effect of heating rate on
properties of bricks,” Construction and Building Materials,
vol. 142, pp. 11-22, 2017.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

O. Kizinievic, and V. Kizinievic,” Utilisation of wood ash from
biomass for the production of ceramic products,” Construction
and Building Materials, vol. 127, pp. 264-273, 2016.

E.A. Okunade, “The effect of wood ash and sawdust admixtures
on the engineering properties of a burnt laterite-clay brick,”
Journal of Engineering Applied Science, vol. 8, pp.1042-1048,
2008.

ASTM C326-09, “Standard test method for drying and firing
shrinkages of ceramic whiteware clays,” West Conshohocken,
Pennsylvania. ASTM Book of Standards. vol. 15.02, 2014.
ASTM C373-14a, “Standard test method for water absorption,
bulk density, apparent porosity, and Apparent Specific gravity
of fired whiteware products, ceramic tiles, and glass tiles,” \West
Conshohocken, Pennsylvania. ASTM Book of Standards. vol.
15.02, 2014.

ASTM C773-88, “Standard test method for compressive
(crushing) strength of fired whiteware materials,” West
Conshohocken, Pennsylvania. ASTM Book of Standards.
vol. 15.02, 2011.

C.H. Weng, D.F. Lin, and P.C. Chiang, “Utilization of sludge
as brick materials,” Advance in Environmental Research, vol. 7,
pp. 679-685, 2003.

D. Eliche-Quesada, C. Martinez-Garcia, M.L. Martinez-Cartas,
M.T. Cotes-Palomino, L. Pérez-Villarejo, N. Cruz-Pérez, and
F.A. Corpas-Iglesias, “The use of different forms of waste in
the manufacture of ceramic bricks,” Applied Clay Science,
vol. 52, pp. 270-276, 2011.

S.M.S. Kazmi, S. Abbas, M.A. Saleem, M.J. Munir, and A.
Khitab, “Manufacturing of sustainable clay brick: Utilization of
waste sugarcane bagasse and rice husk ashes,” Construction and
Building Materials, vol. 120, pp.29-41, 2016.

N. Phonphuak, and S. Thiansem, “Using charcoal to increase
properties and durability of fired test briquettes,” Construction
and Building Materials, vol. 29, pp.612-618, 2012.

A. Srisuwan, and N. Phonphuak, “Physical property and
compressive strength of fired clay bricks incorporated with
paper waste,” Journal of Metals, Materials and Minerals, vol. 30,
pp.103-108, 2020.

J. Met. Mater. Miner. 30(4). 2020



