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Abstract -- This research focuses on the search for the
optimal mixture of materials to manufacture thermal bricks,
considering among the main materials some that are present
in the locality and that provide characteristics to the brick.
Through experimentation, this research showed that the
materials that were found for the mixture and manufacture
of thermal bricks are: Sand, Kaolin, Lime, Gypsum, Water,
Cement, Titanium oxide, Iron oxide, Diatomite,
Carboxymethylcellulose (CMC). The results of tests carried
out on the brick samples showed that a mixture with a high
content of alfalfa as a local material, together with the
materials, provided a uniform and consistent mixture and
thermal properties. The bricks will be evaluated with
compression test, thermal resistivity, absorption, hardness
test and efflorescence test. The bricks obtained are expected
to have high compressive strength, low conductivity. In
conclusion, the mixture obtained from these materials
allows the manufacture of high quality thermal bricks,
which reduce and benefit the construction industry. The
cost reduction per brick was not achieved in a conclusive
way, taking care not to compromise the essential properties,
providing benefits in the construction of housing in areas
with extreme climates, in terms of thermal insulation and
structural safety, crucial aspects to improve the quality of
life in vulnerable areas of Ciudad Juarez.

Keywords: Experimentation, Thermal, Kaolin,
carboxymethyl cellulose (CMC), Optimal Mixing.

Abstract -- The present research focuses on finding the optimal
material mix to manufacture thermal bricks, considering local
materials that would enhance the brick's properties. Through the
Design of Experiments, the research identified the following
materials for the mix: sand, kaolin, lime, gypsum, water, cement,
titanium oxide, iron oxide, diatomite, and carboxymethyl cellulose
(CMC). The results showed that a mix with a high content of
alfalfa as a local material, along with the aforementioned
materials, provided a uniform and consistent mix with the best
properties. A press was designed and built for brick
manufacturing, and the bricks will be evaluated through
compression tests, thermal resistivity, absorption, hardness, and
efflorescence tests. It is expected that the obtained bricks will
exhibit high compressive strength and low thermal conductivity.
The conclusion was that the optimal mix of these materials allows
the production of high-quality, low-cost thermal bricks, beneficial
for the construction industry. However, a significant cost reduction
per brick was not achieved without compromising essential
properties.

Key words - Experiments, Thermal, Kaolin, carboxymethyl
cellulose (CMC), Optimal mixture.

INTRODUCTION

The objective of this research is that, through
experimentation, to find the optimal mix of materials that
include some that are found locally, for the manufacture of
thermal bricks that allow homes in vulnerable areas of
Ciudad Juarez, maintain a comfortable temperature and
ease of access to the product.

The proposed Hypothesis is that "there is a positive
relationship between the optimal mix for thermal brick
manufacturing and thermal resistivity of thermal bricks".
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Thermal bricks are made of ceramic materials designed to
resist high temperatures, thermal shocks and aggressive
chemical environments.

For the construction of the bricks, materials were used,
including silica sand, titanium oxide, iron oxide, CMC,
among others. The best combinations were combined with
materials that are easily found in the locality and that could
help thermal brick improve its thermal resistivity and
resistance properties: straw, sawdust and alfalfa. Of these,
alfalfa was selected because it was the material that
provided the most consistency and resistance to the touch
of the sample bricks.

BUILDING MATERIALS

Sand: In [1], it is mentioned that it resists wear and
weathering, its hardness in Mohs scale is 7. It is resistant to
acids and water action. The compressive strength is 1600
MPa. The melting point is 1710°C. Its density is in the
order of 2.65 gr/cm?. In summary, sand in ceramic bricks
controls plasticity, reduces shrinkage, improves mechanical
strength, controls porosity, and contributes to the
dimensional stability and surface texture of the final
product. In addition, it helps to reduce costs and improve
the efficiency of the manufacturing process.

Kaolin: Kaolin is a hydrated aluminum silicate, product of
the decomposition of mainly feldspathic rocks, according to
[2]. The term kaolin refers to clays in which the mineral
kaolinite predominates. To recapitulate, it improves the
quality of the ceramic brick in terms of strength, stability,
and appearance.

Lime: In [3], it is stated that lime, better known as calcium
oxide, is a natural chemical derived from limestone and has
been used in construction since ancient times due to its
unique properties. Lime is mixed with sand and water to
form mortar, which is used to bind bricks, stones and other
building materials. One of the most important properties of
lime mortar is that it hardens to the hardness and strength of
the original stone. Lime in ceramic bricks improves
plasticity, accelerates drying, reduces shrinkage, controls
porosity, increases water resistance and mechanical
strength, and contributes to thermal stability and
efflorescence control.

Gypsum: Gypsum (calcium sulfate dihydrate, CaSOa4-

2H20) is used in the manufacture of ceramic bricks mainly
as an additive. Although not major component, gypsum
contributes  several important properties to the
manufacturing process and the final product, regulates
setting time, reduces shrinkage, improves workability,
controls porosity, and contributes to dimensional stability
and a smoother brick surface

Cement: In [4] it is mentioned that it is a fundamental
material in the construction of bricks because of its

properties that improve the quality, durability and strength
of structures, it contributes to the compressive of mortar or
concrete used in brick construction. It ensures that
structures can withstand significant loads without
deforming or collapsing, it can help make brick
constructions more waterproof, protecting them from water
penetration and preventing structural damage from
moisture, and it is easy to work with.

Diatomite: According to [5], diatomite earth is a siliceous
sedimentary rock of biological origin formed from the
fossil skeleton of diatomite shells. When added to the clay
mixture to make ceramic bricks, diatomite provides several
beneficial properties, provides lightness, improves thermal
and acoustic insulation, and increases fire resistance in
ceramic bricks. However, it is important to balance its
quantity to avoid excessive porosity that could affect
mechanical strength.

Iron oxide (hematite): [6], mentions that iron oxide red I,
Fe203, (known as hematite) is a naturally occurring iron
mineral that has a wide range of uses beyond simply being
a source of iron. Apart from improving aesthetics, this
material can increase the weather resistance of bricks,
making them more durable against prolonged exposure to
natural elements such as rain, wind and temperature
variations, it can also influence the plasticity of the mix,
improving workability and facilitating the molding of the
bricks.

Titanium oxide: [7] specifies that rutile is a group IV
mineral (according to the Strunz classification) whose
chemical composition is titanium oxide.

(IV) (TiO2). In ceramic bricks, it improves whiteness,
opacity, and resistance to chemical and UV agents, in
addition to offering photocatalytic properties and
improving the thermal and dimensional stability of the final
product.

CMC: Carboxymethylcellulose (CMC) is a versatile
polymer widely used in the construction industry,
particularly in the formulation of dry mortar. It is
mentioned in the results of [8], that the unconfined
compressive strength (UCS) increased by 76.7% with 0.5%
of NaCMC treated soil after 28 days. The use of CMC in
ceramic bricks improves plasticity, controls water , reduces
shrinkage and cracks, increases the green strength,
improves the homogeneity of the mixture and surface
quality, and reduces dust during the manufacturing process;
it should be properly dosed, since in excessive amounts it
can generate problems such as excessive water retention,
which could hinder the final drying of the bricks.

DEVELOPMENT
Sample mix design.
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Prior to this, the review of the bibliography showed some
materials that are used in the manufacture of bricks, in this
case, six mix factors were used with 3 repetitions, the upper
and lower limits were defined, which are shown in Table 1.
In this mix design, the sum of the proportions must be
unity, even when they have restrictions or are in pure form.

During the experimentation, out of the ten mixtures, #4 and
#8 were selected; which presented sample bricks whose
preparation mixtures had a complete adhesion consistency
of the materials, a fast drying and a hard consistency to the
touch upon drying. Straw, sawdust and alfalfa were added
to these mixtures because they are materials with the
following characteristics:

1. Fibrous Structure: Alfalfa is composed of natural
fibers that create a network capable of trapping air. Air
has a low thermal conductivity, which increases the
thermal resistivity of the material.

2. Low Density: Materials with alfalfa usually have a
low density, which reduces thermal conductivity, since
the less dense material is less able to conduct heat.

3. Interaction with Other Materials: When alfalfa is
mixed with other components, such as lime, cement or
clay, it can improve the thermal resistance of the
resulting material. These biocomposites can offer a
sustainable solution for improving insulation in
buildings. Alfalfa was chosen from these three
materials. The experimentation, the optimal mix for
sample size bricks, the selected mix with the local
material and the results of the compression and thermal
resistivity tests are presented below.

Table 1. Upper and lower limits of
experimentation.

.| Inf. | Lim. | Experiment [ Experiment#
Material Int. | sup. 42 8
Silica 25 35 25 26
sand
Kaolin 20 25 15 17
Cal 10 20 10 15
Gypsum 8 18 10 5
Water 10 20 18 17
Cement 3 13 5 3
Alfalfa 10 10

The percentages used to manufacture the bricks are shown
in Table 2.

Brick manufacturing.
The work was carried out in 5 mixtures as shown:

1. MIXTURE 1: The proportions were defined for the
mixture of experiment # 4, according to the amount of sand
to be used, the alfalfa was reduced, because when
compacting the bricks, this was not achieved. We took 1.95
kg of mixture to place it in the press and with 1 ton of
pressure we obtained a compacted brick with an
approximate weight of 1.925 kg, which can be seen in the
figure below.

1. With a drying time of 24 hours, the brick finished with
an average weight of 1.26 kg. The final consistency of the
bricks, in general, was that 67 % were firm, 19 % were firm
and 19 % were firm.

% fractured and with pores and 14% with pores.

Figure 1. Compacted brick, Mix 1.

Of this mixture, 21 bricks were obtained, of hard and
completely dry consistency, as shown in Figure 2, bricks of
the first row.

Figure 2. Bricks of Mix 1 a ix 3.

2. MIXTURE 2: This mixture was developed with 21.75
kg of sand, when mixing it a lack of consistency was
observed, so 1 more kg of cement was added for a total
of 4.35 kg, this achieved a uniform mixture that was
easy to work with. 1.95 kg of the mixture was taken to
place in the press and with one ton of pressure a
uniform brick of 1.922 kg average was achieved. After
24 hours of drying, the brick has 1.20 kg. 27 bricks with
24 hours of drying are shown in Figure 3. The final
consistency of the bricks was 48% were firm, 41% with
few lesions, but firm, 11% with voids, but firm.
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gr 3. rbr k, Mix 2. 7

3. MIXTURE 3: This mixture was developed with 21 kg
of sand and the corresponding proportion, at the
beginning of the mixture large lumps of material were
formed, which were removed with the hands.

40 minutes of mixing resulted in a uniform mixture
with some lumps, but easy to work with. 1.95 kg of the
mixture was taken to place in the press and with one ton
of pressure a uniform brick of 1.92 kg average was
achieved. After 24 hours of drying, the brick has 1.09
kg. The 30 bricks made with this mix are shown in
Figure 1 in rows 2 and 3. The final consistency of the
bricks, in general, was that 53% were firm, 30% with
pores and 17% with some small cracks or lesions.

5.

(@ | )
Figure 5. Mixing Bricks 4.

MIX 5: This mix was developed with 21 kg of sand
and the corresponding proportion according to the mix
design. In the previous mixes it was observed that the
CMC was the one that made the mixture form balls, so
when analyzing the properties it contributed to the
brick: water retention to prevent cracking, improve the
final surface, dust reduction, i.e., only surface quality
properties, it was decided to eliminate it. The mixture
was uniform, easy to handle, no balls of material were
formed and the mixing was for 20 minutes, it is worth
mentioning that the kaolin and gypsum adhered at the
end, since they are materials that absorb a lot of water.
Thirty-nine bricks were made. It is observed in the
figure 1.95 kg of mixture was used to form the brick,
compacted 1.91 kg and 1.44 kg with 24 hours of drying.

In Figure 6, a brick with 24 hours of drying is observed.
Seventy percent of the bricks had a very firm final
consistency and the remaining 30 % had some pores,
but remained firm.

4. MIXTURE 4: This mixture was developed with what
was considered in Experiment # 8. It was developed for
22 kg of sand and with the proportions that this one
marked. The mixture became very complicated, since it
formed balls of material that were very difficult to
break up, as shown in Figure 4. It was stirred for
approximately one hour and 5 kg more water was added
than the proportion indicated; at the end of that time it
was consistent enough for modeling. 1.95 kg were used
to make the brick, after compaction it was 1.90 kg, with
24 hours of drying the brick finished with 1.20 kg.
Figure 5 shows these bricks, (a) wet and (b) dry.

(b) with 24 hours of drying, as can be observed, the
consistency of these bricks is lumpy. Of these bricks,
14% were very lumpy but compact, 8% lumpy but

P .

Figure 6. Dry brick,‘Mix 5.

Table 2 Percentage of material per mix.

incomplete, 31% with lesions on the sides, 42% with

pores and 5% with fractures. Material | M1 M2 | M3 | M4 | M5

Sand 25.00 25.00 25.00 24.07 26.80

Kaolin 15.00 15.00 15.00 13.34 16.03

Cal 10.00 10.00 10.00 1177 10.72

Gypsum 10.00 10.00 10.00 5.76 10.72

Water 17.99 17.99 18.00 27.52 25.52

Cement 5.00 5.00 5.00 4.19 5.36

Alfalfa 10.0 10.0 10.00 7.84 1.44

Tltaplum 1.00 1.00 1.00 079 1.07
oxide

Iron 2.50 2.50
oxide 251 1.96 1.28

Diatomite 1.00 1.00 1.00 0.79 1.07
CMC 2.50 251 2.50 1.96 0
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Brick test
Three essential tests will be carried out to evaluate the
manufactured bricks and compare them with conventional
bricks.

Absorption Test
ASTM C67 [9] is a standard reference used for the
sampling and testing of clay structural bricks and tiles. This
standard includes tests for various properties, including
water absorption.
ISO 10545-12:1995 [10] establishes the method for
determining the water absorption of ceramic products.
Although the standard specifies the procedure for
performing the test, it does not define specific water
absorption values to be achieved. These values vary
depending on the type of ceramic product and its
application.
Water Absorption Test Procedure:

1. Sample Preparation:

0 The samples are dried in an oven at a temperature of

105°C to 110°C until a constant weight is reached.

2. Water Immersion:

0 The dried samples are immersed in water at room

temperature for a period of 24 hours.

3. Weight Measurement:

0 The weight of the samples is measured before and after

immersion in water.

4. Water Absorption Calculation:

Absorcibn =WH=WSx 100 Eq. 1)
Ws
Where
wr Wet weight of sample wy Dry
weight of sample

Efflorescence is evaluated with the same test. [12] refers to
the formation of whitish deposits on the surface of building
materials such as bricks, concrete, or stone. This
phenomenon occurs when soluble salts present in the
building materials or in water percolating through them
dissolve in the water, and then, as the water evaporates on
the surface, the salts are deposited. Although efflorescence
does not usually affect the structural integrity of the
material, it can be an aesthetic concern, as it alters the
appearance of the affected surface. In addition, its presence
may indicate moisture problems, which could have long-
term implications for the durability of the structure.

The standard [10], entitled "Standard Test Methods for
Sampling and Testing Brick and Structural Clay Tile",
includes a method for evaluating efflorescence in structural
clay bricks. According to this standard, efflorescence is
classified into four categories based on visual observation
of the bricks after a water immersion and drying process:

a) None: No efflorescence is observed on the surface of

the brick.

b) Slight: A small amount efflorescence is observed on

less than 10% of the surface of the brick.

c) Moderate: Efflorescence covers between 10% and

50% of the surface of the brick.

d) Heavy: Efflorescence covers more than 50% of the

surface of the brick.

e) Excessive: Efflorescence covers almost the entire
surface of the brick and may be associated with
visible damage to the material, such as flaking or
surface disintegration.

Four bricks were taken from each mixture and immersed
for 24 hours in normal water, placed in containers so that
they were completely submerged, ensuring that the water
level remained constant throughout the test period. The
results are shown in Table 3.

Table 3. Absorption test results.
1ISO ASTM
Mez Sampl | % Standard | Standard Effloresc
eNo. | Absor | Classificat| Classificat
cla ption | ion ion ence
10545-3 C67

1 18 33.57 G Bl High None
1 19 33.58 G Bl High None
1 6 33.87 G BllI High None
1 7 34.37 G Bl High None
2 9 47.10 G Bl High Slight
2 8 50.42 G Bl High Slight
2 19 48.76 G Bl High Moderate
2 20 51.66 G Bl High Slight
3 19 54.12 G Bl High Moderate
3 11 54.86 G BllI High Heavy
3 10 55.26 G Bl High Heavy
3 24 55.75 G Bl High Heavy
4 8 46.28 GBIl High Heavy
4 35 48.33 GBIl High Heavy
4 7 48.76 GBIl High Heavy
4 36 48.76 GBIl High Heavy
5 12 26.89 G Bl High None
5 13 26.89 G Bl High None
5 34 29.16 G Bl High Slight
5 35 2937 | GBIl High Slight

Compression Test

In [12] discusses the compression test on building
materials, including bricks, and mentions that this test is a
fundamental property measured to evaluate the quality of
building materials. The purpose of this test is to determine
the ability manufactured bricks to withstand loads before
failure, as this measure is crucial of the structural strength
of the material.

As well as [12] addresses topics such as the physical and
mechanical properties of concrete, the behavior of the

Received: 09/21/2024 | Acceptance: 11/04/2024| Publication: 12/27/202

Pag322

IPSUMTECT | Volume 7 -N° 2 | July-December 2024



EDUCACION gummm 2]

#iPSUMTEC

material under different conditions, and testing and quality
control techniques.

The standard [10]: Standard Test Methods for Sampling
and Testing Brick and Structural Clay Tile, specifically
details the method for testing the compressive strength of
structural clay brick and tile. Following the test method
proposed by the standard, the following is a description of
what has been done:

a) Sample Selection and Preparation:

Representative bricks were randomly selected for testing.

The samples were dry and free of visible defects. Most of

the selected samples were flat, so they were not ground.

Clarifying that these bricks were not kiln-dried but dried at

room temperature.

b) Test Equipment: The Galdabini Universal Machine
was used, calibrated and equipped with a program
which is capable of accurately measuring the load.

c) Testing Process: The specimen is placed in the
compression machine so that the load is applied
perpendicular to the faces that will support the load in
its final use. It is shown in Figure 7.

d) Compressive Strength Calculation: The compressive
strength was calculated by dividing the maximum
applied load (in Newtons) by the area of the loading
surface (in square millimeters).

The equation useq is:
o= — Eq. (2)

Where 4

o is the Compressive Strength in MPa F is the
Maximum Load Nw

A is the-Ar m?
Maquina universal Galdabini
_—— |

The compression test results are shown in Table 4.

Table 4. Compressive strength test results.

AVERAGE AVERAGE
MIX Compressiv Ultimate

e  Strength Strength Tons

Tons

ISSN: 2594 - 2905
1 6.149 0.000
2 2.928 2.919
3 2.246 2.244
4 2.448 2.446
5 10.478 2.447

Temperature Transmission Test. The standard [13]:
Standard Test Method for Steady-State Thermal
Transmission Properties by Means of the Heat Flow Meter
Apparatus describes a method for measuring the thermal
conductivity and thermal resistance of materials using a
heat flow meter apparatus.

The method described in the standard is detailed below:

Principle of the Method: The method is based on the
measurement of the heat flow through a sample of the
material in a stationary state, when a temperature difference
is applied between the two opposite surfaces of the sample.
This test lasted 4 hours, during which time the temperature
inside the chamber was kept stable; measurements were
recorded every 5 minutes during the first hour of the test
and then every 10 minutes during the remaining 3 hours of
the test. The heat flow meter apparatus measures the
resulting heat flow, which is used to calculate the thermal
conductivity of the material.

Heat flux sensors: This was positioned to measure the heat
flux passing through the sample.

Thermocouples or resistance thermometers: They are used to
measure the temperature of sample surfaces.

Sample Preparation: The sample was built with 10 bricks of
each mix, achieving a wall of 48 cm wide by 33 cm high,
the wall thickness 11 cm. A sample of it is shown in Figure
8.

Test for Calculation of Thermal Conductivity k: Thermal
conductivity is calculated using the following Equation:

_qkAx
k= A%AT Ea. 3)
Where
k en Thermal conductivity in
g is the heat flux density (W/m2) A is the
Area of the surface m?
Ax is the thickness of the sample (m),
AT is the temperature difference between the two
surfaces (K

Results:

The thermal conductivity, which is a measure of the
material's ability to conduct heat, is obtained.

Thermal resistivity, which is the inverse of thermal
conductivity, can also be obtained.

Calibration: It is crucial to properly calibrate the heat flow
meter prior to taking measurements to ensure accurate
results.
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Test Conditions: Environmental conditions, such as
temperature and humidity, should be carefully controlled to
avoid interference with the measurements.

The measurements were performed on walls formed by 10
bricks of each mixture, resulting in an arrangement as
shown in Figure 8.

—

. : ol N M
Figure 8. Arrangement for temperature difference
measurement.
In reality, the data of interest is the thermal resistivity,
which is the inverse of the conductivity,
The results of the test are presented in Table 5.

Table 5. Heat flux test results.

Conductivity Resistivity
MIX Thermal k Thermal C
W/(m.°K) (m.°K)/W
1 0.95 1.05
2 1.13 0.88
3 1.13 0.88
4 1.15 0.87
5 1.49 0.67

Price per brick

The price of bricks made from materials purchased in
Ciudad Juérez varies considerably depending on the quality
of the inputs used and their availability in the local market.
These materials, which include clay, cement, sand and
special additives, directly influence the final cost of the
product, which is reflected in the pricing options available
to consumers. The materials used were purchased from
local stores and some were purchased at retail, which could
increase their cost. The cost per brick per mix is presented
in Table 6.

Cost per brick.

Cost
pesos
$ 125.66
$146.77
$127.40
$67.47
$66.42

MIX

A B|WIN| -

DISCUSSION AND ANALYSIS OF RESULTS

In [5] it was identified that handmade bricks have been
studied with the purpose of adding organic compounds to
improve their mechanical properties. As is the case where
up to 40% of the sand in its manufacture is replaced by
diatomite residues obtained from a brewery plant in order
to determine whether they meet the requirements stipulated
in [15]. In contrast, in the present investigation we worked
with the absorption test that allows us to conclude that
according to the ASTM C67 Standard, all the pieces exceed
20% of permissible or acceptable absorption for
construction bricks, in conditions where exposure to
humidity is a critical factor, which is not the case in Ciudad
Juarez, since the climate is dry both in summer and winter.
Therefore, the 28% that the pieces of Mixture 5 brick have
would be optimal for use in construction. In contrast, as
mentioned in [3], where the development of eco-friendly
bricks with a matrix of recycled materials from 3% to 10%
is framed, achieving strengths of up to 175 kg/cm?.

In [16], a study is described that compares the thermal
properties of bricks made from construction and demolition
waste with clay and cement , focusing on thermal insulation
and conductivity, while evaluating environmental
performance and sustainability principles through recycling
in architecture. Bricks made from construction waste and
rubber show the highest thermal insulation.

Bricks demonstrate better mechanical properties than
traditional options. The study highlights the potential of
recycled materials in construction applications.

The pieces manufactured in this investigation that were
subjected to the compression test and the results of this test
are shown in Table 3. In the observations of the tests, the
following can be observed in each of the groups of bricks
per mix:

Mixture 1: 40% of the bricks crumbled as shown in Figure
9 and the remaining 60% came out whole, but with
fractures or broken edges. Since it is a very fragile mix, the
Ultimate Strength data was not recorded in Universal
Machine.

Mix 2: 70% of the bricks ended up broken, 10% came out
complete, but when removed from the Machine it crumbled
and the remaining 20% ended up complete.

Mixture 3: 60% of the bricks came out complete with some
fractures, the remaining percentage crumbled in the test.

Mixture 4: 50% of the bricks are complete with fractures
and brittle, the remaining percentage is complete.
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after testing, but fell apart when removed from the
universal machine.
Mixture 5: 70% of the bricks come out complete, 20% of
the bricks come out complete with visible fractures, but do
not break and 10% were shattered during loading. As
shown in Figure 10

- a; —’? ‘:. _‘;—-.._. T ' s

FTgﬂure 9. Mix 1 brfck, crumbled after compression test.

Figure 9. Mix 1 brick, crumbled after compression test.

According to the distribution of the mixtures, in [7], the
effect of the addition of iron oxide scrap was investigated
in which the mechanical and microstructural properties of
bricks are improved according to the addition of 10 % and
15 % of iron oxide for the manufacture of bricks. In this
research, the bricks of mix 5 were able to maintain their
shape even with 10 tons in the compression test. This
improvement in mechanical strength could be related to the
synergy between the composition of the mixture and the
stabilizing effect of iron oxide, which reaffirms the trend
observed in previous studies, such as that of [7], in which it
was shown that the incorporation of this oxide not only
improves the structural properties, but also contributes to
greater stability of the material under loading conditions.

If we compare the thermal resistivity of CDW bricks, they
usually have a thermal resistivity between 0.20 and 0.20.
0.35 m-K/W [16], with that of that obtained with the bricks
of mix 4, it can be observed that: Thermal resistivity
measures the ability of a material to resist heat flow: the
higher the resistivity, the better the material is a thermal
insulator, since it allows heat to be transferred with greater
difficulty. In this case:

e 0.67 m-K/W indicates a material with higher

resistance to heat flow. Data from Table No. 5

¢ 0.2 m-K/W indicates a material with lower
resistance to heat flow.

CONCLUSIONS

From the absorption test it can be concluded that the bricks
of mix 5 had an average absorption rate of 28% compared
to the other mixes that had up to a little less than 55%;
addition, the bricks of mix 5 had no or slight efflorescence.
From the compression test it is concluded that the brick of
mix 5 manages to maintain its shape even after having
withstood a compression load of more than 10 tons;
compared to the other mixes that did not withstand more
than 3 tons in their majority.

From the temperature transmission testit can be seen that,
contrary to what was expected, the bricks of mix 5 were
better heat conductors than the other mixes. As shown in
Table 5, the bricks of this mix, with low resistivity, indicate
that the material would allow a higher heat flow, being a
more efficient heat conductor. Summarizing, the tests of
this mixture after 4 hours with a temperature of 85.1°C
inside the chamber, had passed 45.2 °C, which is almost
half.

[14] mentions in his book that the coefficient of resistivity
of conventional bricks is approximately 0.67 m-K/W and of
thermal (insulating) bricks approximately 2.0 - 4.0 m-K/W.
Therefore, considering these data and contrasting them with
the thermal resistivity obtained experimentally from the
five proposed mixtures, it can be concluded that any
mixture can be efficient to maintain a comfortable
temperature inside the homes of Ciudad Juarez.
Considering that the average price of a conventional
commercial thermal brick is $120 and comparing it with
the calculated prices of the proposed mixes, it can be
concluded that any of the mixes offers a competitively
priced brick.

In general, it can be concluded that, according to the results
obtained from the tests of the properties evaluated, mix 5 is
the most efficient in all aspects considered in this research
and is good for the construction of one-story houses in
Ciudad Juérez.

In future works, it is planned to build a wall with the
material of mix 5, which is the one considered optimal to
carry out the tests of. Compression, efflorescence and
calculation of thermal conductivity. The objective of these
tests is to evaluate the structural strength and durability of
the wall, as well as its behavior against environmental
factors, thus ensuring that it meets the quality standards
required for its application in construction and improving
its thermal efficiency to optimize energy consumption in
buildings.
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It is also planned to investigate the dehydration process, it
is to perform a dehydration process of the mixture, in such
a way that the powder can be had and sold so that only
water is added in the proportions indicated. The objective
of this approach is to simplify the process of preparing the
material for the users, facilitating its handling and storage.
In addition, it seeks to offer a product that is more
accessible and convenient for builders, thus optimizing
time and resources in their projects.
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