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Determination of Physical and Mechanical Properties of Porous
Blocks (Bricks) Produced with Brick Clay

Highlights
«+ The technical properties of the porous clay brick produced at different rates of expansion additive and
different firing temperatures were investigated.

«+ The most suitable expander additive ratio was determined as 15% and the most suitable firing temperature
was determined as 1150 °C.

It was determined that the production of porous clay bricks with low unit weight but higher compressive
strength compared to normal bricks was determined.

Graphical Abstract

Expander additive ratio in different ratios and the effect on the physical and mechar‘c’l WMIW

brick produced at 1150°C firing temperature are given p;

Table. Technical properties of 1150 °C fired porous clay brick
Expander Additive Ratio(%) | Ref-0 | 3 6 9 12 | ﬁ\ 21
Compressive Strength (MPa) 26.58 | 7.12 7.00 7.00 6.9 6. 6.93
Unit Weight (kg/m3) 1720 | 878 866 16 719
Specific Strength 15.45 | 8.109 | 8.089 9.609 | 9.638
(Strength/UW) 3
Freeze-Thaw Compressive 9.093 | 6.264 7.316 | 7.288
Strength / Unit Weight
Water Absorption Ratio(%) 16.7 31.1 31.6 31.3
Porosity Ratio(%) 17.8 34.7 36.3 27.4
Thermal conductivity 0.75 |- - -
coefficient ( A=W/mK) ,A

Aim

Determination of optimal properties of brick clay and porous block (brick) with the help of different ratios of
expanding agent

Design & Methodology

The unit weight, compressive strength, water absorption rate, freeze-thaw loss and heat transmission coefficient
of the produced porous brick were determined experimentally.

Originality
The technical properties of the porous brick produced by the gas-forming admixture and the brick mud forming
air bubbles independently from each other were investigated.

Findings
The compressive strength/unit volume weight ratio of the porous brick was obtained at a temperature of 1150C
with the highest expansion contribution of 15%.

Conclusion

It has been determined that expander additive and firing temperature are effective in the production of porous
bricks. The most suitable physical and mechanical properties of the porous brick produced with an expander
additive ratio of 15% and fired at 1150 oC were provided.

Declaration of Ethical Standards

The author(s) of this article declare that the materials and methods used in this study do not require ethical
committee permission and/or legal-special permission.
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ABSTRACT

Clay brick has recently become a very inevitable product for the construction industry due ¢g t
relatively cheaper material especially with the parallel of developments on foam-forming ag@its.
problems. These are high unit volume weight and thermal conductivity. In this study, an e
brick raw material to reduce the unit weight of the brick and to increase the thermal ins

strength after freezing-thawing and thermal conductivity properties of the pr
data obtained in the research, the optimum expansion chemical ratio i

determined as 1100 °C. The samples produced with 15% expander at 1100 °
31.83%, void ratio 36.88 %, compressive strength 6.93 MPa, compressi
thermal conductivity A=0.16 W/mK. —

Keywords: Porous clay brick, expanding agent, lightweight clay bricks

Tugla Kili ile Uretil
(Tuglalarin) Fizikgel
A

firing temperature was
ight 744 kg/m®, water absorption

yzenekli Bloklarin
anik Ozelliklerinin
nmesi

0z

olmast nedeniyle son za
vardir. Bunlar, yiliksek

ler 850, 900, 950, 1000, 1050 ve 1100 oC'de pisirilerek 100x100x100 mm tugla elde
acim agirligi, su emme, bosluk orani, basing dayanimi, donma-¢dziilme sonrasi basing

dayanimi vg 1likleri incelenmistir. Aragtirmada elde edilen verilere gore optimum genlesme kimyasal orani
%15'tir. bisirim sp€akligi 1100 oC olarak belirlenmistir. 1100 °C'de %15 genlestiricili, birim hacim agirlhigt 744
kg/m bosluk orani %36,88, basing dayanimi 6,93 MPa, donma-¢ziilme sonrast basing dayanimi 5,10
MP i A~0,16 W olarak iiretilen numuneler /mK.

1. INTRODUCTION

Bricks are one of the first man-made building
components on the globe. The first industrial production
of brick corresponds to the construction of the Tower of
Babel in the 4th century BC. The estimated number of
bricks used in this construction was figured out to be 85
million pieces. The production methods were improved

*Sorumlu Yazar (Corresponding Author)
e-posta : simsek@gazi.edu.tr

by the time and the Romans started its trade and specified
the first standards for brick production leading to a new
dimension in the industry. With the developing
technology following industrial revolution, fabrication of
bricks started as a new process. Bricks, as an irreplaceable
element



of construction, did have a permanent place in the
architecture of world in 19th and 20centuries [1].

Clay bricks are a still traditional component which allows
the construction of buildings. Clay bricks generally do
have physical and mechanical strength requirements to
construct. However, they still have two basic issues being
high unit weight and thermal conductivity. Therefore,
they need to be developed to be competitive in the
industry. With the increasing

environmental sensitivity during the last three decades,
clay bricks have been tried to be modified adding waste
or renewable materials or mineral resources to the paste.
Additives that forms pores in the body of bricks are
generally used to decrease unit

weights but they also contribute to alter the features of
porosity, density, mechanical strength and even thermal
conductivity. In this context, it is a significant matter to
produce new components with high mechanical strength
and low thermal conductivity [2].

Clay bricks have high UWs since they have low porosity
and are widely used as wall components. High UW leads
self-weights of buildings to increase and this is one of the
greatest issues in construction industry. The increase in
its own self-weight causes some structural problems. This
also causes the benefit/cost ratio to change negatively.
The risk of getting damaged or knocked down

of buildings. Therefore, lighter materials are preferred i
get used in constructions. However, lightweight budi

2.1. Material
Material used in th

® minerals obtained in equal
different locations within the

omposition of clay used in the study

addition to carrying their own weight in the clay brick
wall, it is aimed to provide heat insulation on the outer
walls.

It has been determined as a result of researches that
approximately 40% of the heat loss in buildings occurs
through the walls [5,6]. This represents 36% of global
CO, emissions, and previous studies estimate that 50% of
this energy is lost through walls [6,7].

Due to environmental effects, sustainable building
material research is gaining great importance. They
examined the use of industrial waste materials in brick
production to produce independent hig
in order to reduce the dead load on the wi
the thermal insulation. These indystrial
are a wide variety of was

slags, sawdust, cotton gyas
production waste, kraft pu

esidue, granulated blast furnace slag,
fine furnace residue [19], industrial nano-
Aine”aluminum sludge [20, 21], Fe Cr Slag and
gl Zeolite [22], sand, chamotte and waste brick [23].

Is study, it is to produce porous bricks with high
orosity and compressive strength, low unit volume
weight and heat conduction by adding expansion
additives at different rates to the brick clay mud (dough).

Kizilbayir formation in Kolsuz region. The chemical
analysis of the clay used in the experiment is given in
Table 1, the sieve analysis in Fig. 1 and the XRD
analysis in Fig 2.

Clay obtained from the reserves in Kolsuz region was
ground and sifted through the sieve of 0.5 mm square
mesh openings. The pressed oven-dry unit weight and
density were measured as yh=1.67 g/cm?® and yk= 2.57
g/cm? respectively

SiO2 Al2Os Fe2Os CaO MgO NaxO K20 SOs Loss of
Ignition
Amount (%) 50.97 11.58 6.77 840 3.90 1.83 2.31 0.13 13.63
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reaction of sodium bicarbonate

(NaHCO3) and acetic acid (C2H.0.), natural liquid soap
(Potassium hydroxyl) ensures that the bubbles maintain
their shape. Tap water was used in the mixtures. The
chemical specifications of the additives used in the
mixtures were given in Table 2.

} Table 2. Chemical specifications of the additives.
pecification NaHCOs C2H402
" NaHCO3(% ) 99,1 < -

Na2COs (%) 0,7 > -
Cl (mag/kg) 700 > -
S04 (mg/kg) 300 > -
Water Insoluble(mg/kg) 500 > -
Fe Total (ppm) 10 > -
Bulk Density (g/cm3) 1,02 1,02
Molecular Weight 84 60
Dilution (%) - 10

Dilution (%10) was prepared by Emir Kimya Ltd.




2.2. Method

Brick dough was produced by mixing 0 (Ref), 3, 6, 9,
12, 15, 18 and 21 % of the weight of clay used in this
EA mixture. Samples were shaped in moulds of
100x100x100 mm size with these produced doughs.
Samples in the mould were removed from the mould
after waiting for at least 24 hours in the laboratory

Table 3. Mixture parameters

environment. The samples removed from the mould
were kept in a ventilated oven at 23+2 °C for 72 hours
and brought to the oven dry.

The mixture parameters in Table 3 were pre-determined
experimentally to fulfil the moulds 1000 cm®in volume,
considering the expansion capability of the pastes.

Mixture  Clay Water NaHCOs C2H402 Liquid soap
(9) (9) (%) (%) (mol) 10 % (9)

Mo(Ref) 1500 258,0 - - - -

M3 750 250,0 3 22,50 0,27 22,50

Me 750 227,5 6 45,00 0,54 45,00 1

Mg 750 205,0 9 67,50 0,81 67,5Q9 4

Mi2 750 182,5 12 90,00 1,08

Mis 750 160,0 15 112,5 1,34

Mig 750 1375 18 135,00 1,61 0

Mo, 750 115,0 21 157,50 1,88 22

o, L

3. EXPERIMENTAL FINDINGS saw-cuttifig omogeheous dimensions and
Having moulded all the proposed samples, the €Vén Su ysical ~and ~mechanical

dimensions and weights of them were measured and
firing process was started. After the fired samples were
cooled down to the ambient temperature, the
dimensions and weights of the samples re-measugge
These measurements were made for calculating the
shrinkage and ignition loss of the samples. The sampl

samples were trimmed down to 100x100x1
the current production technology was follo

10 samples from each mixture gro
measured for dimensions and then place
to be fired at the temperatures 8
and 1100 °C as given in Fig
for each temperature and
which represents the
writing Meso-1100 |
represents the
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Fig 3. Image of clay brick according to firing degrees

3.2. Unit Weight

Unit weights of the samples were determined according
to EN 772-13 [24]. Therefore, oven-dry weights of the
samples were determined first, taking the arithmetic

les were determined. In brick
15% EA additive are shown.

Samples

iring process in the production of bricks
placing, heating, firing, cooling and
ding phases. In this study, this general order in

The temperature in the oven was set to increase 5 °C
per minute. After arriving the targeted temperature, the
samples were kept in the oven for one hour, and then
the internal temperature of the oven was decreased to
the mediums. The samples were unloaded from the
oven and weight and dimension measurements were
repeated for each sample. The samples were fired at
each temperature setting. After firing they were
controlled visually and between 850 °C and 1100 °C not
any deformation, cracks or colour change was observed.

means of 10 samples’ values as the unit weight of a
group. As seen in Fig 4, it was fired between 850 and
1100 ° C. The unit weights of the samples at 1100 °C
decreased from 1740 to 744 kg/m® depending on the
additive ratio. However, when the additive ratio was
21%, the unit weight increased significantly. The reason
for this is that after the amount of additive is 15%, the
trapped spaces (descend) collapse. In other words, it has
decreased due to the scratching of the chemicals
forming the voids from the clay dough. The high
amount of additive deformed the paste, causing the
paste to release higher amount of gas. Meanwhile, the
gas that could have been locked inside the body was
released also, the pores were opened to the air thus
allowed the water inside and the paste collapsed in.
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Unit weight differentiation actualized nearly at zero io\rates of the samples were
level in the sample groups with 3 and 6% additives. In  determi

other groups it decreased with the increasing additive
ratio. With additive ratios higher than 15%, unit weights
of samples considerably decreased but firigg
temperatures did not have a considerable effect on gy
weights. As it would be seen in Fig. 4, unit weights
the bricks that were produced have nearly dectease

down to 60% compared to the control (rgféres
samples.

it show3 that the expanded samples have
i rates than the Control samples.

amples at all firing temperatures. The
ion rates of the samples fired at 850 and
PC KShowed little increase depending on the
al additive ratio in the mixtures. While this
Bre?se continued until the chemical additive ratio was
5%, a slight decrease in 21% was observed in all

samples.

Water Absorption
Rati0(%)

Fig. 5. Expander additive ratio water absorption relationship depending on firing temperature



3.4. Porosity

Porosity is the ratio of pores in the material mass. The
void ratio of the control samples is approximately 75%
less than the samples produced with the expansion
agent. In Fig. 6, it is seen that the void ratio of the
control samples is around 18%, while the void ratio of
the expanded brick samples is above 33%. It is seen that

porosity Ratio(%)

3.5. Compressive Strength

The process suggested by the standard EN 772-1[26]
was implemented to determine compressive strengths
of the samples. The arithmetic means of each group

The results were summarized in Table 4.

AR IR

the expanded samples increase depending on the EA
ratio.

Depending on the different firing degrees of the
samples, the void ratio changed slightly. The average
porosity rate of the samples fired at 1100 ° C and
produced with 15% additive ratio is 36.88%.
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ed with 15% additive is 68% lower than the Ref.

ad collapsed (volume loss) before firing. The collapse

were assigned the strength value of the related group.: sample. Samples produced with 18% and 21% additives

As can be seen from Fig 7, the compfeSsjve stren
the reference samples is approxi ly 4%
than the samples produced wj i

er (compressive
depending on fired

(volume reduction) occurring within the samples is seen
in the production of foam concrete [27]. However, it
was observed that the compressive strength of the
expanded samples increased with increasing firing
temperature. The reason for this can be explained as the
silica in the raw material is sintered into a ceramic
structure

Table 4. Compressive strength values (MPa)

Expander Additive Ratio(%0)

3 6 9 12 15 18 21
5.69 561 559 553 550 556  5.66
5.72 567 562 558 553 543 538
5.87 584 570 560 556 558 570
6.01 5098 597 579 564 564 573
6.14 6.09 593 58 583 579 593
1100 21.59 7.30 700 690 690 693 689 691




Specific Strength (Strength/UW)

Firing temperature directly affects the normal strength.
The clay particles are sintered as bonded with each

other by the firing process. During this firing process, a

series of conversions are existed by some minerals such
as quartz, feldspar, calcite, dolomite and hematite.
is owing to the completion of the crystallization proce,
known as vitrification as silicate particles fuse togeth
to form a dense brick structure [28]. Aluminu icatt
(Al,03 2Si02) were formed by combining
SiO, at temperature of 550-900 ° C with
minerals. After this time, these types g
return again to their original form wit
A compound called as Mulita is

at was produced for this study

i

1050 °C 1100 ¢
1000 °C

then were frozen again. This cycle was applied for 30
imes [30]. After testing, samples were visually
inspected and slight flaking was observed. Since the
structure of the samples is independent from each other,
no capillary cracks were detected in the freeze-thaw
tests. In Fig. 7, axial compressive strength values for the
samples subjected to freeze-thaw process and for those
non-subjected were given. Compressive strength
values after freeze-thaw are given in Table 5. While the
highest compressive strength was seen in the 1100 °C
reference samples, the lowest compressive strength was
seen in the samples produced with 21% expansion
additive fired at 900 °C.

Table 5. After Compressive strength values (MPa)

Expander Additive Ratio(%b)

Ref-0 3 6 9 12 15 18 21

8,81 4,47 4,47 4,44 4,38 4,32 4,28 4,25
10,72 4,45 4,44 4,41 4,39 4,33 4,26 4,20
13,72 4,71 4,71 4,60 4,56 4,53 4,49 4,32
14,82 5,02 4,98 4,97 4,86 4,78 4,45 4,42
15,14 4,90 4,87 4,65 4,65 4,62 4,55 4,30
17,38 5,80 5,65 5,60 5,20 5,10 5,10 5,05

In order to determine the optimum expander additive
ratio and firing temperature depending on the highest
post-freezing compressive strength of the porous clay
brick, the ratios are given in Fig. 8 as a result of dividing
the post-freezing compressive strength by the unit

weight. When Fig. 8 is examined and analyzed, it can
be said that the highest rate was the porous clay brick
fired at 1100 °C and produced with 15% expansion
additive ratio.



Freeze-Thaw Compressive
Strength / Unit Weight

Fig. 8. Expander additive ratio after freeze-thaw compressive strengtl‘&n'
temperature

3.7. Thermal Conductivity Coefficient

Thermal conductivity coefficient was determined for
the sample group which had the lowest unit weight (the
group with the mixture in which 15% gas-releasing
chemical additive was added and which was fired at
1100°C). For this, 3 samples of 30 mm diameter and 30
mm thickness were prepared from the material fired at
1100°C. The increase in the dimensions did not cause
any formal deformation. The unit weights of the new
samples were determined and the one with the lowest
unit weight was chosen for conductivity test. Thermal
conductivity coefficient for this sample was determined
to be A=0.16 W/mK. The A=0.75 W/mK value of the
control sample was found to be A=0.16 W/mK of the
sample produced with 15% additive ratio. It is known
in the literature that a normal brick with a unit volume
weight of 1.20 kg/dm?® has this value, A=0.50 W/mK
[31, 32]. This can be considered quite good enough
relative to the literature an,d control samples.

Ther ondegtl ues showed a trend of 68%
de /mK (this value is recommended
for th ivity in buildings) to 0.16 W/mK. It

nghat the thermal conductivity of bricks is
d to the porosity. It is widely known that
as the porosity of the samples increases, the unit weight
and thermal conductivity decrease. If the walls are made
of bricks with low thermal conductivity, thermal
comfort and efficiency will increase.

4. CONCLUSION AND DISCUSSION

Brick used in construction technology is produced by
pressing. In this study, it was produced by forming gaps
with the gas-releasing chemical additives without being
pressed. Mechanical and physical properties of the

TR
\—-il:——§ % \§
£ Tm ‘}_-Efp\ §
s &

NN RN,

NANANANN NN

:\
VT

et e gl
DI U N Y N S

=

N ew ey
SAAMAMAAANN

o

o 1100 °C
1000 °c %€

igWs%depending on firing

estifjated and the following results
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weights of the samples decrease as the
jas-releasing chemical additives increases.
xcessive amount of as-releasing chemical
s increased the pore ratio. The lowest unit
e weight value was 0.744 kg/dm® for the

>xpecimen containing 15% gassing chemical at 1100 °C
0

f firing temperature. Compared to the control sample,
the unit weight of the samples produced with gaseous
chemical additives was reduced by 60%. In parallel,
porosity values increased. There is a natural
relationship between porosity and water absorption by
mass. The water absorption (by mass) was in the range
of 30-32%. At 850 to 1100 °C of fired temperature, the
compressive strength values of the samples were
linearly increased in the range of 5-8 MPa. The highest
value was obtained as 6.93 MPa in the samples
produced with 15% expansion additive and fired at
1100 ° C. However, when compared to the control
samples, chemical additives that release gas cause
approximately 4 times the strength loss due to the voids
created by the chemical. After the samples were
subjected to freezing-thawing, the light flaking was
observed on the surface and no other significant
deformation was observed. However, it is observed that
there is an average loss 20% for the compressive
strength. There was a linear relationship between
porosity, bulk density and thermal conductivity. The
thermal conductivity measured on the sample produced
at 15% the gas-releasing chemical additives and firing
at 1100 ° C was found to be L = 0.16 W/mK. Compared
to the bricks used in the sector, 50% improvement was
observed. Samples produced by expanding have
engineering properties that can be used as constructive
construction material.
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