DESIGN AND TECHNOLOGY

Revista Industrial Data 25(1): 7-35 (2022)

DOI: https://doi.org/10.15381/idata.v25i1.19686.918427

ISSN: 1560-9146 (Impreso) / ISSN: 1810-9993 (Electronico)
Facultad de Ingenieria Industrial - UNMSM

Data Processor to Estimate Raw Meal Dosing for Cement

Manufacture

NipiA PoMPILLA CACERES !
PAUL TANCO FERNANDEZ 2
FREDI ANGULO SALAS 3
VicTorR Gonza COAGUILA *
DaviD NEYRA GUTIERREZ °

SusmitTeD: 26/02/2021 Acceptep: 03/01/2022 PusLisHep: 31/07/2022

ABSTRACT

In the cement industry, the dosing of raw materials is
an important stage in which mixtures called cement raw
materials are obtained. The chemical and mineralogical
composition of the clinker and the type of cement to
be produced will depend on the content of these raw
mixtures. Empirical calculation methods are usually
used to determine the appropriate raw meal proportions;
in practice, application of such methods is difficult due
to their complexity and the limited use of conventional
programs. In this applied research, a data processor
was designed to estimate the chemical composition of
raw meal. The methodology involved the development of
equations, the design of the program and its validation.
Its functionality, effectiveness and interaction with the
user were verified based on the results, obtaining a
processor that adequately manage data related to raw
materials and cement type, and obtains very acceptable
results.
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INTRODUCTION

Cement has become a necessary commodity for humankind and
its industrialization has evolved greatly since ancient times. It is
a building material that sets automatically as a result of chemi-
cal reactions with water. It is made of finely ground clinker and
calcium sulfate or natural gypsum (Verein Deutscher Zement-
werke [VDZ], 2012). The raw material undergoes several stages
or transformation processes and rigorous quality control in order
to obtain cement. One of the most important stages is the dosing
of raw materials, where they are mixed in different proportions
to obtain cement raw meal (Fernandez, 1967; Soria, 1982) or
raw flour with specific compositions, which is essential to obtain
cements and clinkers with desired chemical and mineralogical
compositions. The raw materials extracted from the soil or from
quarries do not have homogeneous chemical and mineralogical
composition, so it is necessary to adjust them by applying com-
plex mathematical calculations (Duda, 1977) based on empirical
modules that in practice are difficult due to their complexity and
the use of Excel spreadsheets.

This research aimed to develop a data processor that simplifies
the formulation of raw material mixtures for the dosing of raw
materials —so as to obtain specific cement types with the de-
sired chemical composition— and that provides accurate esti-
mates of the correct raw material proportions. For this purpose,
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DESIGN AND TECHNOLOGY

a practical, specific and flexible data processor was
designed for the cement industry, using empirical
formulas such as lime saturation factor and differ-
ent cement modules (silica, alumina and hydraulic
modules) widely used in the industry since ancient
times, complex mathematical equations of up to
four (4) variables, and computer program. Its func-
tionality, effectiveness and interaction with the user
was assessed based on the management of data
related to the dosing of the raw material and the
type of cement to be obtained.

The designed data processor becomes a useful
field tool to assist cement manufacture companies
and researchers, as well as to design new types of
cement with the addition of new materials or new
formulations. According to Vizcaino-Andrés et al.
(2015), the development of new cementitious sys-
tems to increase clinker substitution to 50% with-
out significantly affecting cement performance is
feasible. In turn, Verein Deutscher Zementwerke
states that for cement to meet the stipulated quality
requirements, the composition of the raw material
must be respected (2012). The contribution of this
article to knowledge is framed in the application of
science to information and communication technol-
ogy based on the Visual Studio Community 2015
software and C# programming language, which
consisted of the application of various interfaces
that facilitated the application of calculation meth-
ods, providing acceptable results with minimal er-
rors whose values ranged between 0.0046% and
0.0262%. Such contribution is relevant and novel in
terms of the application and usefulness of the data
processor, considering that the program also had
a SQL Server database that allowed an adequate
management of the information related to the raw
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material, raw meal or raw flour, clinker and the type
of cement to be obtained, and because the results
obtained from the interaction were very acceptable.
This research contributes to further the study on the
subject by applying, on the one hand, computer pro-
grams and programming languages related to the
technology and, on the other hand, mathematical
equations and calculation methods existing in the
cement industry.

Raw Meal Composition

The raw material used in the manufacture of cement
makes up cement raw meal (Figure 1). These ma-
terials are mineral substances found in nature such
as limestone, clay or marl and iron ore. The main
raw material is limestone, composed of calcium car-
bonate (CaCO,), which represents approximately
80% of the content of cement raw meal (Rodriguez,
2017a) and usually has magnesium carbonate
(MgCO,) impurities; clay, composed of hydrated
aluminosilicate, represents the remaining 20% and
usually has iron oxide impurities (Rodriguez, 20173a;
Espinoza, 2015; Telschow, 2012). Raw materials
and raw meal contain the essential components of
cement which are lime or calcium oxide (CaO), sil-
ica or silicon dioxide (SiO,), alumina or aluminum
trioxide (Al,O,), and iron ore or iron trioxide (Fe,03)
(VDZ, 2012; Ramirez, 2000), limestones (CaO con-
tributors) and clays (SiO,, Al20, and Fe,O, contrib-
utors) (British Geological Survey [BGS], 2005; La-
bahn & Kohlhaas, 1985). Occasionally, corrective
ingredients are also used. These compounds are
rarely found in a single raw material and in the need-
ed proportion; to obtain a cement raw meal, a raw
material with abundant calcareous components, i.e.,
rich in lime, is usually chosen along with other clayey

Figure 1. Raw Meal Composition.
Source: Prepared by the authors.
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or lime-poor components, the latter containing more
alumina and iron oxides, these two components be-
ing limestone and clay (Duda, 1977).

Cement raw meal or raw flour is a mixture of dosed,
ground and homogenized materials. The composi-
tion of the raw meal depends on the specifications
of the type of cement to be produced, the produc-
tion process to be followed and the equipment avail-
able. Due to its compounds, raw meal provides ap-
proximately 95% of the main oxides to the clinker;
the materials are dosed according to the required
chemical composition in the cement, so it is advis-
able to maintain a quality control of the raw materi-
als, from their extraction to their use in the cement
industry (Montante, 1999; Lépez, 1997).

Raw Material Dosing in the Cement Manufactur-
ing Process

As shown in Figure 2, the cement manufacturing
process begins with the extraction of raw materials
(limestone, clay and corrective materials), which are
crushed and ground to reduce their size to approx-
imately 2mm. Next follows the raw meal production
stage, which involves the selection of materials ac-
cording to the intended mix design (Asociacién de
Productores de Cemento [ASOCEM], 2016) or dos-
ing of the raw material, which is then homogenized
and ground in order to obtain a very fine material
with a particle size of less than 0.2 mm (ASOCEM,
2016), known as cement raw meal or raw flour.
This raw meal is introduced to a heat exchanger
at temperatures between 950 and 1100°C where
preheating occurs, then, it enters the rotary kiln to
continue with the firing process, completing the de-
carbonation of the material and the physical-chem-
ical transformation of the mineralogical compounds
or clinkerization at temperatures between 1300 and
1450°C. Subsequently, it is rapidly cooled in grate
coolers to a temperature between 90 and 120°C, re-
sulting in clinker with alite and belite crystals (Espi-
noza, 2015; Ramayo, 2008; Brouwers, 2007). Final-
ly, the clinker is mixed with gypsum and undergoes
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a final grinding to obtain cement, an extremely fine
product (ASOCEM, 2016).

Obtaining the raw meal is a very important part of
the process, especially the dosing of raw materials;
it depends on correct dosing to obtain a mixture of
raw meal or raw flour that, after becoming cement,
complies with the quality requirements according to
each country’s regulations (Espinoza, 2015). It is
necessary to estimate a correct mix of raw materials
in order to obtain cement and clinker types with the
needed composition, both chemical and mineralog-
ical. This is accomplished by dosing the raw ma-
terial using mathematical calculations or methods
used in the cement industry. For instance, among
the most commonly used are the silicate, alumina
and hydraulic cement module, the alligation alter-
nate method, the lime saturation factor method and
Kind’'s formula, the latter two are applied for lime-
stone and clay mixtures (Duda, 1977). However,
these methods prove to be overly wearisome and
complicated when more than two raw materials are
used or several raw materials are combined.

For the dosing of the raw meal, the percentages
of the mineral components CaO, SiO,, Al,O, and
Fe,O, must be determined by weight; the nomen-
clature C, S, Aand F is commonly used (Rodriguez,
2017b). The amount of CaO produced by CaCO,
in limestone and the amount of silica, alumina and
iron in clay are measured (Rodriguez, 2017a). Ad-
justments are also made using chemical control
modules that establish a relationship between the
mineral components; such relationships are called
saturation factors, ratios or modules, which have
emerged over time, owing to good judgment and
good results with regard to clinker production and
the manufacture of different types of cement (Es-
pinoza, 2015). The control modules and ranges of
values required are the hydraulic module, which
values vary between 1.7 < HM < 2.3; the lime sat-
uration factor measured by Kind’s formula, which
values vary between 0.8 < KSk < 0.95; the silicate
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Figure 2. Cement Manufacturing Process.
Source: Prepared by the authors.
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module, which values vary between 2.2 < MS < 2.
6; and the alumina ratio, which values vary between
1.5 < TM < 2.5 (Rodriguez, 2017a; Ramirez, 2000;
Duda, 1977). If the values obtained in the modules
are between the determined ranges it means that
the limestone and clay used are suitable for ce-
ment manufacturing (Rodriguez, 2017a; Ramirez,
2000; Duda, 1977). To obtain a cement raw meal
that complies with the desired chemical composition
using the available raw materials, it is necessary to
add certain quantities of other raw materials that
will act as corrective materials, which must contain
high concentrations of the oxides present in small
quantities in the main raw materials, and which are
necessary to obtain a desired raw meal, avoiding
the excess of oxides that do not contribute to the
cement manufacturing process (Castillo, 2015; Ra-
mayo, 2008).

Clinker Composition

Clinker is the intermediate and main product of Port-
land cement, and it is “essentially a mixture of cal-
cium silicates and smaller amounts of calcium alu-
minates responsible that react with water and cause
cement to set” (BGS, 2005, p. 3). Itis produced upon
firing of the main components (limestone, clay, sand
and iron) and a series of chemical reactions that oc-
cur between finely ground solids (Montante, 1999).
Upon firing, the physicochemical transformation of
the mineral components takes place, producing new

HM
CaO Ksk
RAW .
ALO; M
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compounds such as clinker. As shown in Figure 3,
the new compounds formed are 3Ca0.SiO,, called
tricalcium silicate (C,S); 2Ca0.SiO,, called dicalcium
silicate (C,S); 3CaO. AlO,, referred to as tricalcium
aluminate (C,A); and 4Ca0 [Al,O,.Fe,O,], referred to
as tetracalcium ferrite aluminate (C,AF) (Rodriguez,
2017b), which are commonly referred to as alite,
belite, aluminate, and celite or ferrite, respectively.
After a rapid cool down, crystals are formed, which
are mostly alite and belite, and aluminate and celite
in smaller proportions (Rodriguez, 2017a; Espinoza,
2015; Ramayo, 2008; Brouwers, 2007; Lépez, 2000).

On average, clinker composition is 46%-79% trical-
cium silicate (C,S), 5-30% dicalcium silicate (C,S),
6-18% tricalcium aluminate (C,A), 4-16% tetracalci-
um ferritoaluminate (C,AF), 0.1-4% free lime (CaO)
and 0.7-1.5% free magnesium oxide (MgO) (San-
juan and Chinchén, 2014). Calcium silicates and
aluminates give cement its distinctive setting char-
acteristics in the presence of water (VDZ, 2012). Two
phases are distinguished in the formation of clinker,
a solid phase (composed of C,S and C,S) that con-
stitutes 80% of the clinker and a liquid phase (com-
posed of C,A and C,AF) that constitutes between
10 - 20%, the latter bond, agglutinate or bind the tri-
calcium and dicalcium silicates (Rodriguez, 2017a).
Alite or tricalcium silicate is the compound that con-
tains the most CaO and largely determines the prop-
erties of cement, hardens quickly and achieves high
strength; tricalcium aluminate reacts with water im-

C,S

C,AF  CLINKER | G,S

CA

Figure 3. Chemical Composition of Raw Meal and Clinker.
Source: Prepared by the authors.

Ind. data 25(1), 2022 S




DESIGN AND TECHNOLOGY

Data ProcessoR 10 EsTiMATE Raw MEAL DosING FOR CEMENT MANUFACTURE

mediately, which is conducive to the rapid setting of
cement (Rodriguez, 2017a; Sanjuan and Chinchén,
2014; Montante, 1999). Gypsum is added to slow
setting. Free lime (CaO) and periclase (MgO) are
lesser components of clinker that react with water to
form calcium hydroxide and magnesium hydroxide,
increasing their volume which can cause harmful
expansions, so the content of free CaO and MgO is
limited by regulations (Sanjuan & Chinchon, 2014;
Montante, 1999). Each type of cement contains the
four main compounds, but in different proportions.

METHODOLOGY

The first step was to contextualize the cement man-
ufacturing data, before moving on to determine the
parameters of the raw material dosing to obtain the
composition of cement raw meal suitable for the
production of clinker and types of cement with the
desired characteristics. The data processor was
designed by finding and determining the neces-
sary mathematical equations and then converting
them into C# language codes and inserting them
into the program. In addition, Visual Studio Com-
munity 2015 and the C# programming language
were used, which has the necessary tools to create
programs (Johnson, 2015) and suitable interfac-
es for user interaction and data management with
SQLServer (Pompilla, Gonza & Vera, 2019). The
program design is user-friendly, easy to install and
simple to use so that engineers, researchers and
users of the cement industry can have a tool that
expedites calculations and, above all, can be used
in the field. The effectiveness of the calculations,
the application and functionality of the data proces-
sor were validated in the field, using raw materials
from the Yura S.A. cement quarry.

Equations for the Design of the Program

There are mathematical equations available to calcu-
late the composition of raw cement, which determine
the proportions of raw materials required to blend
and obtain a raw meal, clinker and cement with the
desired chemical and mineralogical compositions.
Portland cement clinker is composed of oxides such
as CaO (calcium oxide or lime), SiO, (silicon oxide or

silica), AL,O, (aluminum oxide or alumina) and Fe,O,
(iron oxide); the component or oxide that is found in
greater quantities is CaO and SiO,, Al,O, and Fe,O,
are found in smaller proportions.

The different calculation methods that relate the
compositions of the raw material, raw meal, clinker
and cement include the four aforementioned oxides,
any other component that intervenes is called “rest”
whose purpose is to delimit the mathematical equa-
tions with the exception of SO, because it is a re-
strictive component; it is also necessary to consider
the “loss on ignition” value, which is the material that
vaporizes during the firing process (Pompilla et al.,
2019). To know the percentage ratio of the various
components in the final product, cement modules
are used, with values that are characteristic of each
type of Portland cement. Over the years, the cement
industry has worked empirically using equations and
formulas called cement modules, which over time
have given good results and are still used today.

Estimates performed by the program for raw meal
dosing consider the quantity or number of raw ma-
terials and the main oxides used, which are CaO,
Si0,, AL,O, and Fe,O,. The methods described use
mathematical equations that relate two, three or
four raw materials. For two raw materials, a calcare-
ous and a clayey material are mixed, the calcareous
material contains a high proportion of CaO and the
clayey material contains a higher amount of SiO,,
AlLO, and Fe,O,. It is possible to employ two calcu-
lation methods, one of them is the hydraulic meth-
od (HM), equation (1), which relates the four main
oxides and whose value for a standard cement is in
the range of 1.7 to 2.3 (Pompilla et al., 2019; Duda,
1977); the other is Kind’s formula (Ksk), equation
(2), which relates the degree of saturation by lime,
whose value fluctuates between 0.80 and 0.95.

To determine the proportions, X parts of limestone
will be needed for 1 part of clay; the value of X is
obtained by applying equations (3) and (4), using
the hydraulic module (HM) and Kind’s (Ksk) formu-
la (Pompilla et al., 2019; Duda, 1977). It should be
noted that henceforth cal will be used for limestone,

HM = CaO |

"~ Si0, + Al,05 + Fe, 05 (1
Ca0 — (1,65 = Al,05 + 0,35 * Fe,0

KSk = ( 2V3 203) )

2,8 * Si0,

Bl Ind. data 25(1), 2022




DESIGN AND TECHNOLOGY

arc for clay, corl for corrective material | and corll for
corrective material Il.

As for three raw materials, limestone, clay and cor-
rective materials are used; corrective materials are
raw materials that contain fundamental oxides that
are scarce in the main raw material. The silicate
module (SM), using equation (5), which values range
between 2.2 and 2.6 for a normal cement, and Kind’s
formula can be used to determine the proportions of
limestone and clay. Kind’s formula uses equation (6)
and the silicate module uses equation (7); equations
(8) and (9) provide the proportions of limestone (X)
and clay (Y) (Pompilla et al., 2019; Duda, 1977).
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Where the values of r, s and t are variable. Lime-
stone (X) and clay (Y) proportions result from apply-
ing equations (8) and (9).

As for four raw materials, limestone, clay and two
corrective materials containing fundamental oxides
that are scarce in the main raw material are used.
Calculations are similar to those for three raw mate-
rials, with the difference of the increase of one equa-
tion for three variables: X, Y, Z (as parts of limestone,
clay and corrector |). In this case, we use the alumina
ratio (TM) following equation (10), which value rang-
es between 1.5 - 2.5, and Kind’s formula using equa-

CaOgre — HM  (SiO, + Al 03+ Fe,03 )

CaOgq — HM * (SiO,,,, + Al,03,,, + Fe,03 )
N CaOgrc — (2,8 ¥ KSk + Si0,,, + 1,65 % Al,03,,  + 0,35 % Fe,03 @
" CaOq — (2,8 % KSk % 5i0,_, + 1,65 * Aly05,, + 0,35 * Fe,05,,,)
P Si0, 5
~ Al,0; + Fe, 04 )
n*xX +s,xY=¢; (6)
r = (2,8 % KSk * Si0,_,, + 1,65 * Al,03_, + 0,35 * Fe,03 ) — CaO¢q
s; = (2,8 KSk *Si0,,_+1,65%Al,05_+0.35%Fe,05, ) — CaOgy
ty = CaOcory — (2,8 ¥ KSk * Si0,_, + 1,65 * Al, 05, + 0,35 * Fe,0; )
rpxX + s,xY = t, (7)
T, = SM x (Al203cal + F6203cal) - SiOZCal
S, = SM (Al203arc + F8203arc) - SiOZarc
t; = SiOZcorl — SM * (A1203cor1 + F6203c0r1)
ty Sy, — Ly *S
X = 1792 2 %91 (8)
Ty Sy, — 1) * 84
_h*h-n*h )
T S, — 1) * 84
Al,0
™ = =22 (10)
Fe,04
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tion (11). As for the silicate module (SM), equation The silicate module (SM) and alumina ratio (TM)
(12) is used, and for the alumina module, equation calculations are calculated using equations (12)
(13) is used. Finally, u is assigned as variable value, and (13).

X parts of limestone, Y parts of clay and Z parts of

corrective material | and corrective material Il (Pom- The values of X, Y, Z are calculated using equations
pilla et al., 2019; Duda, 1977). (14), (15) and (16).

Tl*X+ Sl*Y‘l' tl*Zz uq

(11
r; = (2,8« KSk * Si0,,,, + 1,65 * Al,03_, + 0,35 * Fe,03__,) — CaOcqy
s; = (2,8 % KSk % Si0, _+ 1,65« Al,03,,  + 0,35 % Fe,03 ) — CaOgyc
ty = (2,8 ¥ KSk + Si0,,, ., + 1,65 % Al,03,, , + 0,35 % Fe,03_ ) — CaOcoy
Uy = CaOcopry — (2,8 ¥ KSk % Si0,,, , + 1,65 % Al,03_  + 0,35 * Fe,05 )
T'z*X‘I‘Sz*Y‘*' tz*Z=u2 (12)
r, = SM * (Al,05,,, + Fe,05_,,) — SiO,,,,
s, = SM + (Al,03 _+ Fe,03, ) — Si0,
t, = SM * (AZZO?’corI + Fey 03c0r1) - SiOZcorI
Uz = Siozcorll —SM = (Al203corll + F8203cor11)
r3*X + s3*xY + t3xZ = uy (13)
3 = TM x (F6203cal) - A1203cal
S3 = TM x (F€203arc) - Al203arc
t3 =TM * (F8203cor1) - AlZO3cor1
Uz = Al203COTII —TM % (F8203C0T”)
Uy (Sat3 — S3ty) — Uy (St — s3ty) + us(sit; — Spty) ”
11 (sat3 — S3tz) — 1a(S1ts — s3ty) + 13(s182 — S2t4) (14)
_ 11 (Uzts — Usty) — 1o (ugts — uzty) +13(ugty; — uyty) s
11 (Sats — S3ty) = 1p(S1ts — s3t1) +13(518; — Satq) (15)
_ 11(Spug — s3up) — 1o (S1Us — S3uq) + 13(S1Up — SpUq)
11(Sats — S3tz) — 1a(S1ts — s3ty) +13(s1t2 — S2t4) (16)
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Program Data and Minimum Requirements

The above formulas and equations were convert-
ed into C# codes or programming language to be
entered into the program; furthermore, it was com-
plemented with the design applications of a suita-
ble interactive environment. For the calculation of
the cement modules, the mixing ratios of two, three
or four raw materials and the components of the
cement raw material in the values of X, Y, Z, the
program uses the above-described equations in its
own language.

The program was developed in Visual Studio Com-
munity 2015 with .NET Framework 4.6 and local
SQLServer database (.mdf), with C# programming
language. Users must have at least 1 GHz proces-
sor, Windows 7, 512 RAM and NET Framework 4.6
preinstalled to use the program.

Programming Code

Acode is the set of written instructions to be followed
by the computer to execute a program previously
translated into binary code; in this case, the code of
the designed data processor is the following:

private double f HM(double s, double a,
double f, double c)

{

return c/ (s+a+f);

}

private double f KS(double s, double a,
double f, double c)

{

return (c—-((1.65*a)+(0.35*f)))/(2.8*s);
}

private double f SM(double s, double a,
double f)

{

return s/ (a+f);

}

private double f TM(double a, double f)
{

return a/f;

}

private double f X({()

{

double al = (2.8*cemento[l]*cal-
iza[0])+(1.65*cal-
iza[l])+(0.35*calizal[2])- (cal-
iza[3]);

double bl = (2.8*cemento[l]*ar-
cilla[0])+(1l.65%arcil-
laf[l])+(0.35%*arcilla(2])-(ar-
cillal[3]);

double cl = correctorl[3]-(2.8*cemen-
to[l]*correctorl[0]+1.65*cor-
rectorl[1]+0.35*correc—

torl[2]);
double a2 = cemento[2]* (calizal[l]+cal-
iza[2])-caliza[0];
double b2 = cemento[2]* (arcilla[l]+arcil-
la[2])-arcilla[0];
double c2 = correctorl[0]-cemento[2]* (cor-

rectorl[l]+correctorl[2]);
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return (cl*b2-c2*bl)/(al*b2-a2*bl);
}

private double f Y()
{

double al = (2.8*cemento[l]*cal-
iza[0])+(1.65*cal-
izal[l]l)+(0.35*calizal[2])-(cal-
izal3]);

double bl = (2.8*cemento[l]*ar-

cilla[0])+1.65%arcil-
la[l]+0.35*arcilla[2]-arcil-
la[3];

double cl = correctorl[3]-(2.8*cemen-
to[l]*correctorl[0]+1.65*cor-
rectorl[1]+0.35*correc-

torl[2]);
double a2 = cemento[2]* (caliza[l]+cal-
iza[2])-caliza[0];
double b2 = cemento[2]*(arcilla[l]+arcil-
la[2])-arcilla[0];
double c2 = correctorl[0]-cemento[2]* (cor-

rectorl[l]+correctorl[2]);
return (al*c2-a2*cl)/ (al*b2-a2*bl);
}

Data Processor Start-Up

The start-up of the data processor was aimed at
testing its effectiveness in data processing, for this
purpose three raw material samples were used to
validate it. The analyses were obtained from the
archives of the Quality Control area of the cement
company Yura S.A. corresponding to the years
2014, 2015 and 2016 (Arenas, 2016; Llacsa, 2015),
as shown in Table 1. The combinations of raw mate-
rials resulted in the raw meals shown in Table 2 and
the chemical composition of the clinkers obtained
shown in Table 3. First, calculations were performed
manually, obtaining the raw material dosing data;
second, Excel spreadsheets were used to obtain
data more rapidly; third, the data processor de-
signed and named PRO4MIXCEM (Pompilla et al.,
2017) performed the same calculations. The per-
formance and effectiveness of the data processor
was finally verified by comparing the three methods
of calculation, where minimal differences were ob-
served in the results obtained and the advantages
of using the designed data processor compared to
the first two methods of performing the calculations
were noted.

RESULTS AND DISCUSSION

During the application and validation of the data pro-
cessor, its functionality was evaluated by verifying
the ease of use of the program, its effectiveness in
providing true and real data, its interaction with the
user with easily accessible environments and user
understanding. The following results were obtained.
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Table 1. Chemical Composition of Portland Cement Raw Material in Different Samples.

X Sio, ALO, Fe,O, CaO SO, Loss on Ignition (LOI) Insoluble Rest
Raw Material Sample
(%) (%) (%) (%) (%) (%) (%)
1 0.95 0.92 0.38 54.60 0.00 42.03 1.12
Caliza 2 9.47 1.36 0.58 47.47 0.13 40.20 1.10
3 10.30 1.54 1.02 46.33 0.13 43.15 1.1
1 68.00 12.60 2.95 5.70 1.28 7.20 2.27
Arcilla 2 53.80 15.93 5.09 8.09 0.32 6.81 2.20
3 57.79 19.49 7.13 4.25 0.15 6.85 2.22
1 11.00 1.50 84.20 0.76 1.25 0.67 0.62
Mineral Fe / 2 653 | 115 | 8056 | 357 | 0.6 0.41 0.52
Cenizas Fe
3 6.69 1.22 75.00 5.93 0.10 0.41 0.53

Source: Adapted from Llacsa (2015) and Arenas (2016).

Table 2. Chemical Composition of Portland Cement Raw Meal in Different Samples.

Sio, ALO, Fe,O, CaO SO, Loss on Ignition (LOI) Insoluble Rest
Raw Meal Samples
(%) (%) (%) (%) (%) (%) (%)
Raw Meal 1 14.64 3.28 2.15 43.92 0.28 34.38 1.34
Raw Meal 2 13.94 217 1.89 43.25 0.09 31.20 1.42
Raw Meal 3 13.64 2.1 2.88 42.57 0.08 32.06 0.98

Source: Adapted from Llacsa (2015) and Arenas (2016).

Table 3. Chemical Composition of Portland Cement Clinker in Different Samples.

. Sio, ALO, Fe,O, CaOo SO, Loss on Ignition (LOI) Insoluble Rest
Clinker Samples
(%) (%) (%) (%) (%) (%) (%)
Clinker 1 22.31 5.01 3.28 66.93 0.43 0.00 2.04
Clinker 2 22.32 3.89 3.19 65.85 0.33 0.50 1.99
Clinker 3 21.51 3.70 4.49 65.19 0.52 0.35 213

Source: Adapted from Llacsa (2015) and Arenas (2016).

Functionality, Effectiveness and User Interaction

The program featured several interfaces. The login
interface has two options. The first one is for reg-
istered users and the second one is for free users,
with a “New” option to register the new user. For the
implementation of the program, a test user (negu)
was used to log in, as shown in Figure 4.

After logging into the program, it directed us to the
Control Panel Interface, as shown in Figure 5, which
provides access to all the visible functions corre-
sponding to the different operations involved in ob-
taining and designing cement. From there, we had
access to the registered database of cement types,
raw materials and results in order to make modifica-
tions, as well as to delete and/or create data.

30
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In the Cement-Database Interface the desired ce-
ment type was chosen and entered. The new ce-
ment was named Cemento Prueba [Test Cement],
as shown in Figure 6. The desired chemical compo-
sition for this type of cement was entered, extract-
ed from Table 3: 22.31% SiO,, 5.01% Al,O,, 3.28%

Fe,0,, 66.93% CaO and 0.43% SO,. Upcz)n 3entering
the chemical composition, the program provides
a hydraulic module of 2.1873, a Ksk of 0.9207, a
silicate module of 2.6912 and an alumina ratio of
1.5274. 1t should be noted that all the data entered

into the program is stored in its database.

The raw material to be used, which consisted
of limestone, clay and corrective material rich in
Fe,O,, was entered into the program. At the Ce-
ment-Raw Material Interface, a limestone named
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Bienvenido
Usuaro Registrado
- 1 Siusted es un usuaro do. el progr lep A grabar los nuevos
Usuario negu ] lnosdewuiosrlesmevasmatmasmwew ala vez podid
ic — 1 modfficar dichos datos: también pueden ser registrados sus resultados del
Cortraseia i trabajo en una campeta con su ID.
Nuevo Ingresar
Usuario Libre
Si usted es un usuario lbre, podrd utilizar la funcionabilidad del programa,
Ingresar con usuanio lbre mas no podrd afiadr nuevos valores de cemento o matera pama. y sus
resultados serdn grabados en la campeta general de resultados.
Figure 4. Login Interface.
Source: Prepared by the authors
Panel de Control
Bienvenido
Nuevo Proyecto
DNegu
Obtencién de Disefio de
un Cemento Cemento
Cuerta negu
Emai david0142@hotmail.com
g Base de Datos

Simulador de Mezclas de Cementos

Creado con Visual Studio v. 15
Construido el dia 08 julic del 2016 02:03 Cementos Malovios Resultados

Primas
Copyright 2016-2020 The D" Negu Company
Ltd. All rights reserved.
Figure 5. Control Panel Interface.
Source: Prepared by the authors.
Portland | : Nombre [Cemento Prueba
Portland Il o
Portiand Il Limpiar
Portland IV
Portiand V Sz 2231 |
Portland VI
Etr— O ==
F2203 3.28
22 e
0
s03
Médulos
HM
Resto 2,04
Ksk
SM
™ 1.5274

Figure 6. Cement-Database Interface.
Source: Prepared by the authors.

Ind. data 25(1), 2022 Y




DESIGN AND TECHNOLOGY

Data Processor 10 EsTiMATE Raw MEAL DosING FOR CEMENT MANUFACTURE

Caliza Prueba [Test Limestone], a clay named Ar-
cilla Prueba [Test Clay] and some corrector materi-
al rich in Fe,O, named Cenizas Fe de Prueba [Test
Iron Ash] were input, which data were extracted
from Table 1 and stored in the database, as shown
in Figure 7.

Using the values input in the Cement Type and
Raw Materials Interfaces and stored in the da-
tabase, the correct raw material dosing was de-
termined in the Cement Production Interface as
shown in Figure 8. In this interface, the type or
types of cement to be obtained were selected. As

for Cemento Prueba, the number of raw materials
was specified (three), and as well as the amount of
cement (clinker weight) to be obtained, which was
100 MT.

The number of raw materials to be used is verified
in the Raw Material Selection Interface. In this case,
three (3) raw materials were selected and previous-
ly saved as Caliza Prueba [Test Limestone], Arcil-
la Prueba [Test Clay] and MFe. Ceniza Fe Prueba
[Test Iron Ash] (MFe specifies the type of corrective
material), as shown in Figure 9, and finally calcula-
tions were made.

Cantera Jose Abel |
- ) Arcill |l
Seleccione el tipo de materia Caliza Prueba Nombre MFe. Cenizas Fe Py
prima a modfficar Arcilla Prueba
Mineral de Hiemo (MFe.) v $i02 1

A203

Fez03

Ca0

503 1.25
Rojo 0.67
Resto 0.62

Limpiar Guardar Eliminar

Figure 7. Raw Materials-Database Interface.
Source: Prepared by the authors.

Obtencion del Cemento
Elja el cemenrto que desea obtener
Sio2 23
Cemento Prueba o i
A203 5.01 s
HM 21873
Calcudar Ee S 2 Ksk 05207
Ca0 6653 SM 26912
™ 15274
Datos de calculo 503 0.43
Bija el numero de materias primas
Tres materias primas (3) ~ Resto 204
Ingrese la cantidad de cemento a procesar Sicularis

o Jm

Figure 8. Cement Production Interface.
Source: Prepared by the authors.
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The program performed the necessary calculations
providing the results in the results interface with which
the values of limestone, clay and iron ore were ob-
tained, as shown in Figure 10. For this case, 52.3536
parts of limestone, 13.5005 parts of clay and 1 part
of iron ore; 78.3102% of limestone, 20.194% of clay
and 1.4958% of iron ore; and the weights (relative
to the raw meal weight) were obtained. In addition,

Nipia PowmpiLLa / PauL Tanco / Frepi AcuLo / VicTor Gonza / Davip NEYRA

the chemical composition of the calculated cement
raw meal and the clinker composition are shown
along with their modules which are compared to the
desired cement type, in this case Cemento Prueba
[Test cement]. As can be seen, the modules differ
slightly indicating a minimum error that fluctuates be-
tween 0 and 0.0262, this data can also be stored in
the program’s database.

Materias Primas
Caliza Arcilla Comector |
iCEhZB Prueba v] |-Pru\la Prueba ~ MFe. Cenizas Fe Pruebali® MFe. Cenizas Fe Prueba
sioz (095 s02 (88 so2 1! S02
A203 092 A203 126 A203 15 A203 15
Fe203 038 Fe203 235 Fe203 842 Fe203 242
ca0 346 o 57 c0 075 ca0 076
so3 U so3 128 503 2 503 2
Rojo 42.03 Roio 2 Rojo 0.6 Rojo 0.6
Resto 112 Resto 227 Resto 062 Resto 062
Calcular
Figure 9. Raw Materials Interface.
Source: Prepared by the authors.
Fartes Porcentajes % Masas Finales
SEE] Calan Colza 783102 Cola 1052315
135005 Arcila Aeclla 20,194 Arcila 271383
1 Mineral Fe Mineral Fe 14558 Mineral Fe
Crude 134.3778
Cinker 100
Caliza Arcilla Comactor 1 Crudo Clinker
Si02 0.743 3.7319 0.1645 V. Deseado V.Obtenido Emor
AN203 0.72 0.0224 HM 21872 0.0046
Fe203 0.2976 2595 KsK 0.9207 0
427574 1511 00114 269
£20 0.0114 SM  [26912 26912 | [0
o 0 2E0E Pr—"
=S = e 18 ™ [15274 527 0.0262
Roio 32.9138 454 0.01 34 377765622
Resto 0.8771 4584 0.0093 1,3447986552( | 2.0493033618
Total 78.3103 20.194 4958 Calculado a 100% 100

Figure 10. Results Interface.
Source: Prepared by the authors.
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CONCLUSIONS

It was possible to design a practical and specific
data processor to expedite calculations in real time,
obtaining results of cement raw mixtures immediate-
ly, and thus obtaining clinkers and types of cements
with the desired chemical and mineralogical compo-
sition, compared to other calculation methods that
are usually long and complex. The designed data
processor features a user-friendly environment that
facilitates interaction with the user and provides
results promptly; it is also useful and suitable as a
support tool for the cement industry. It is suitable not
only for obtaining raw material dosing, but also for
obtaining new types of cements, new formulations
or for introducing new raw materials, considering
that many researchers are looking for a sustainable
development of the cement industry.
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