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ABSTRACT

Building materials must meet several requirements so that
they can be used in a given application. These requirements
are determined from the measurement of physical properties,
depending on the nature of the components. This paper
presents a set of mathematical processes and analyses to be
carried out for new materials development according to the
theory of dispersed or polydispersive systems, including a set
of proposed steps to characterize such materials as the criteria
for the study. Studies are considered at the microscopic level
from the interaction of the elements and the macroscopic level
from properties for emulsion cases, including viscosity.

Key words: construction materials; cementitious dispersed
system; theoretical materials analysis.

1. INTRODUCTION

The evaluation of materials is currently essential because
their characteristics allow them to decide their use in various
aspects of human life [1, 2]. The processes for this are
diverse, and this work aims to present some of the strategies
and evaluations mainly of the theoretical-experimental field,
which they obey.

Physical properties that are measured to characterize the
quality of building materials include:

Microscopic scale structure: This property is closely related
to the molecular properties of the components that make up
the material [3], and can generally be classified as crystalline
structures, where molecules are spatially organized, and
vitreous structures characterized by molecular disorder.
Materials typically adopt a hybrid system, where both types of
structures are appreciated [4].

Macroscopic structure: According to their appearance, the
following types of designs can be distinguished [5-7]:

v' Compact: when they have a homogeneous mass.
(Marbles)

v' Porous or cellular: they have a heterogeneous mass
with pores, cavities, and organic remains. (Pémez
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Stone)
v/ Granular: in the form of agglomerated grains.
(Sandstones)

v' Stratified: they have bands according to sedimentation
layers (Clays)

v Laminar: formed by thin sheets of easy exfoliation.
(Slates)

v' Classic: formed by fragments agglomerated by natural
cement (Conglomerates)

v’ Fibrous: forming parallel or radial fibers, being
needles and capillary (fine threads). (gypsum)

v Porphydic: large granules stand out on a paste of
minerals that are difficult to tell. (Porphydic)

v’ Granitoids: present minerals in attached grains of
similar sizes. (Granites)

General definitions to consider include:

Porosity: Refers to the volume fraction of the material that is
hollow. Porosity is due to the manufacture of the building
materials forming a suspension subjected to a drying process
so that the evaporated water leaves a space occupied by the
air.

Volume: The apparent volume of a material is the sum of the
volume occupied by the solid and the volume occupied by the
closed pores (with no communication with the outside). The
total volume is the sum of the apparent volume and the
volume occupied by the open pores, which correspond with
the outside and manifest themselves on the material's surface.

Density:  Se defines as mass per unit volume and is
determined experimentally. Depending on the volume
considered, there are three different types of density: the
actual density, which only considers the solid volume, the
apparent density that is determined by the apparent volume,
and the overall density, which is calculated with the total
volume.

Porosity is one of the most important properties determining
the quality of given building material since it influences its
mechanical properties, chemical attack resistance, and
thermal conductivity associated with the houses' comfort.

Porosity decreases fracture resistance, as pores reduce the
area through which the load is applied while acting as tension
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concentrators, amplifying it. Se has shown that the breakage
module decreases exponentially with the pore volume fraction
(P) according to to the Ryshkevich formula [8-10]:

1)

where op represents the break module of the non-porous
material, and n is a constant that is determined
experimentally.

G = O, exp(— nP)

m

The elasticity module also decreases with ratio porosity
[11-13]:

E=E,1-1.9P-09P%) ()

The building materials are solids formed by a mixture of
different components, which must have a homogeneous
spatial composition [14,15]. Because their manufacture is
based on mixing solid elements with water, pouring the
mixture into a mold, and proceeding to the drying process,
these can be considered scattered soli, where air occupies the
space occupied by the water during drying process is
completed. For this reason, porosity (related to the strength
and elasticity properties) depends on the composition and the
way the material is manufactured.

Since the manufacturing process begins by forming a
suspension [16] from which a solid sun is created, it is
interesting to understand the general properties of the systems
of the product, since this allows to understand better the
chemical-physical processes that occur and their relationship
to the quality of the final product.

1.1 General Characteristics of Scattered Systems

The properties exhibited by systems formed by different
components depend on the chemical-physical properties of
each of the elements and the interactions established between
them at the molecular level[17-19]. When components have
similar molecular structures and are in a liquid state, they can
interact with each other by mixing them, meaning that
molecules surround molecules of components in lower
proportion (solute) in a more significant proportion (solvent).
If the components have molecular structures with markedly
different moments, they do not interact, so the components
are separated into immiscible phases. Due to the effects of
surface tension, the area of contact between phases or
interfacial areas tends to take a minimum value, implying a
total separation between stages that can be distinguished at
the macroscopic level, meaning that the system's composition
depends on the spatial position.

Scattered systems are composed of two or more phases
immiscible to each other [20] distributed in such a way that
one of the phases (dispersed phase) is contained in the other
(dispersion medium), forming small features so that the
composition is independent of the spatial position. These can
be classified according to the following criteria:
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The number of phases: can be systems consisting of only two
phases or several phases (multiphase).

Scattered particle size: Particles with a size greater than
0.003 cm are classified as dispersed systems, while when the
particles are smaller, they are classified as colloidal systems.
Colloidal systems are characterized by behaving as
macroscopic monophase systems while exhibiting a set of
characteristic properties that distinguish them from
single-phase systems.

Size distribution of dispersed particles: mono-dispersed (all
equal-sized particles) or polydispersed (particles have
different sizes).

Aggregation status: these systems are classified as shown in
Table 1 according to the authors [21-23].

Table 1. Classification of dispersed systems according to
aggregation status [21-23]

Classification| Scattering | Dispersed Example
Media phase
Liquid Gas Liquid Mist
Aerosol
Solid Aerosol|  Gas Solyd Smoke
Foams Liquid Gas Foams
Emulsions | Liquid Liquid Mayoinnaise
Suspension | Liquid Solid Paints
Sol-Solid Solid Gas Pémez Stone
Emulsion-sol|  Solid Liquid Cheese
Sol-Solid Solid Solid Quiartz of colors

Scattered systems are meta-stable systems, as in balance, they
tend to the total separation of phases. The stability of colloidal
systems, which is identified with the necessary time to leap for
phase separation to occur, depends on many factors. We can
point out the composition, interfacial tension,
chemical-physical nature of components, and environmental
conditions, to name a few

2. DEVELOPMENT OF METHODS CONSIDERED IN THE
ANALYSIS

2.1 Degree of Scattering and Specific Surface Area

The size of colloidal particles is determined by the range of
attraction and repulsion forces acting between them at the
microscopic level [24-26]. The formation of a system
dispersed from a mixture is only possible if there are
interactions between molecules to form clusters. In turn,
conglomerates interact with each other to form larger
particles. After a sufficiently large time, this process
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continues until total phase separation and destruction of the
colloidal system occur. The rate at which this process takes
place depends on the viscosity of the dispersion medium, the
magnitude of the attraction between the particles, and
dispersed phase concentration, which determines the distance
between the particles.

Because the evolution of a colloidal system depends on
particles colliding, which is a random process on the
microscopic scale, particles tend to have different sizes. The
size of colloidal particles is described through a probability
misdrawing function P(r), of their average value R and their
standard variance or deviation. In this sense, the degree of
poly dispersal is determined as:oy

Y= ©)
where:
¥<0.1 for a mono-dispersed system, and

¥>0.1 for a poli-dispersed system.

¥y <01
¥ >01

sistema monodisperso
sistema polidisperso

In addition to the degree of dispersion, another critical
parameter to consider in a dispersed system is the specific
surface area, defined as the total area of the interface divided
by the volume or mass of the dispersed phase [27]. The
specific surface area is closely related to the size of colloidal
particles, and for a poly-dispersed system, with spherical
particles, it is determined through the ratio [28.29]:

A =[2 <r>dr[”ﬂ "

4R m

when referred to by unit of volume, or through the equation:

3 m?
=|—P(r)dr| — (5)

Ao 4Rp 3 {kg}

For expressed by a unit of mass, where is the density of the

particles. p

The specific surface area is one of the quantitative parameters
used to characterize the degree of dispersion and its minimum
value in the equilibrium state.

2.2 Kinetic Properties of Scattered Systems

Particles dispersed in a low viscosity medium are not at rest
but are in constant motion. If these are small enough, the
gravitational effects are negligible, and their movement is due
to the random shock of these with the molecules of the
dispersed phase [30]. This phenomenon is known as
Brownian movement or diffusion and can eventually be
appreciated on a macroscopic scale. The diffusion coefficient,
which is a parameter that describes the ease of movement of
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particles in the medium, depends on particle size, the
viscosity of the dispersion medium, and temperature. For a
spherical particle, the diffusion coefficient D can be estimated
through the ratio:

kT
6mur

D (6)

where k is Boltzmann's constant, T is the temperature,
viscosity, and ur is the particle's radius. On a macroscopic
scale, the particles move from the highest concentration zones
to the areas of lower concentration, where the flow of particles
per unit of measurement Jy gepenas ON the concentration
gradient C and the diffusion coefficient D according to
Fick's law:

,--p%

dx

If the dispersed particles are of appreciable size, they will
experience the force of gravity, which manifests itself in the
sedimentation process. The gravity force F, acting on a
spherical particle depends on the difference between the

densities of the medium, the solid particle, and the size of the
particle:

()

4

Fy =§Tcr3(p—po)g
where the particle density is and po is the density of the
dispersion medium. This force causes the particle to go down
in the middle. Still, this movement is opposed to the
resistance exerted by the dispersion medium. The process is
associated with the viscosity of the dispersion. Viscous
resistance is described through the Stokes equation:

©)

where v is the rate of sedimentation of the particles. By
matching both forces, you get an expression that allows
determining the rate of sedimentation:

(8)

F, =Smurv

4 r?
v=—g—(p-p,) (10
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The sedimentation rate is a property that is determined
experimentally, almost always to determine the particle size
[31-33]. When the sedimentation of a dispersed system
occurs, a well-defined interface is seen between the already
clarified dispersion medium and the region in which the
particles are located, where this interface constantly decreases
its height relative to time. The variable measured in this case
is the variation in the size of the interface concerning time.

In dispersed mono systems, the height of interface H shows
linear behavior for time t, so that the rate of sedimentation
and the size of the particles are determined through the ratio:
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V= Ht:O - Ht:tr

12
" (12)

r

r=1.9365
Q(P—po)

If the solution is poly disperses, the height of the interface
does not show linear behavior, and the determination of the
sedimentation rate is more complicated and is based on the
following procedure:

(13)

1. Observe the height behavior of the interface relative to
time and adjust the observed data to a statistical
model H(t) of linear regression of order greater than
1.

2. Determine the fraction for particles of larger
dimensions than settled for a t-time from the
adjusted model:

H(t)

alt)=H)-t

3. The particle size distribution curve, which is
expressed as a function of time, is determined as:

dq(t)
x,(t)=——
)=
_ particulasde radior,

~ particulastotales

(14)

(15)

4. For a selected X , the corresponding time value is
cleared. With the time value, the curve H(t) is set to
determine the height of the corresponding interface
so that the sedimentation rate and particle size are

defined as:
_Hﬁ:%)
t

Xq

(16)

S R

" zg(ps_pl) "

5. Repeat step 4 until the velocity distribution curve, and
particle sizes are found.
These kinetic properties do not manifest when the dispersion
medium is a solid or liquid of a very high viscosity so that the
displacement of particles can be considered negligible.

(17)

2.3. The viscosity of Suspensions and Emulsions

It has been theoretically and experimentally demonstrated
that the viscosity and density of a dispersed system depend on
the volume fraction of the dispersed phase. The thickness of
the dispersed system is always greater than the viscosity of the
dispersion medium, while the density depends on the density
of the phases involved and the composition of the system and
maybe greater or lower than the density of the dispersion
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medium [34]. For suspensions, density and viscosity are
determined through the ratios:

p=p +(p,—p1)V,
w=p(@+25v,) : v, <0.05

(18)

5
>V
H=H exp[lz \S,S

053

(19)

J . v, >0.05

where while in the case of emulsions, these will be given by:

P:Pm(l_vd)"‘PdVd
5
— 1+(“m+2udjvd o~
“’m +“‘d

3. STUDYING PROPERTIES AND OBTAINING NEW
BUILDING MATERIALS BY THE THEORY OF
DISPERSED SYSTEMS

(20)

When researching obtaining new building material from
certain raw materials, it is necessary to carry out an
experimental study that relates the composition of the
material with physical properties such as compressor
resistance, the elasticity module, and thermal conductivity.
Because these properties are related to porosity, adding a
binder product causes attraction between particles to increase
so that final porosity decreases.

In this sense, to study the effect of the binder, sedimentation
tests should be carried out, which allow knowing the particle
size distribution and viscosity analysis, which are also related
to the volume fraction of suspended solids. For the material
study, it is necessary to form a mixture with an excess of
water. If you work with the mix that will subsequently be
dried to obtain the material, no sedimentation should be
observed.

Another analysis that will be interesting to perform is
studying the porosity associated with open pores, which can
be seen employing images of the surface taken on a
microscopic scale.

It is then determined whether there is a correlation between
these measurements and the properties of materials, such as
compressive resistance and elasticity, to understand better the
chemical-physical processes that occur and improve the
properties of the final product.

In this way, a vast number of considerations have been
proposed in this paper to analyze these materials.

4. CONCLUSION

This article chooses a set of equations needed in the materials
characterization considering a dispersed system perspective.
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The behavior is related to most of the mixtures used in the
construction industry and materials science. In many cases,
fluidity mixtures are first obtained and, during the
solidification process, behavior determines the final
properties of them, such as mechanical resistance and
hardness. We also present steps that can be followed in this
evaluation for implementation at the various levels of study.
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