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Abstract— Synthesized yields of zeolite generated from coal fly ash 

found in various coal-fired power plants are being utilized as 

recycling material for catalytic conversion of industrial plastic 

wastes to synthetic fuel oils, uptake of petroleum hydrocarbons and 

sequestration of carbon dioxide. Several underlying factors that 

influence the generation of zeolite are being numerically 

investigated to explore the path architecture towards optimization of 

zeolite biomass. This study aimed to explore various path models 

based on application of zeolites. Model development processes were 

used for path explorations and further supported by linear algebra. 

Derivation of degradation kinetics was developed to obtain an 

equation for the acquisition liquid % yield of gasoline and diesel. 

Monte Carlo method was developed for the determination of 

collision probability. Concentration profile was derived for 

unsteady-state molecular diffusion. Thus, exploratory factor 

analysis by theoretical establishment of model development 

processes can be quantitatively derived by synthesis of numerical 

paradigms.  

Index Terms—biosequestration, catalyst, fuel, mass transfer.  

I. INTRODUCTION 

Coal has various essential utilizations for global 

applications. Steel production, electricity generation and 

cement manufacturing are the major important coal purposes. 

In reference with World Coal Association, an estimate of 7.6 

billion tons of coal was globally utilized involving 1 billion 

tons of brown coal. Since 2000, utilization of coal worldwide 

has increased rapidly compared to other fuels. Seventy-six 

percent (76%) of total coal consumption worldwide were 

accounted to five (5) countries, namely, China, USA, India, 

Russia and Japan regarded as biggest coal consumers. In 

2009, 68.56% of electricity production from coal origins had 

sourced from India. Being utilized as a fuel, coal regards to 

all coal types including brown coal of both primary, such as 

hard coal and lignite-brown coal, and derived, such as patent 

fuel, gas coke, coke oven gas, blast furnace gas, and coke 

oven coke, sources. Coal of low quality with high ash result 

leads in large amounts of fly and bottom ash yields with 

different features upon coal-fired power plants consumption. 

Indian power plants utilize its coal that has a general high ash 

yield of 35-45% and regarded to be of poor quality [1]. Last 

2012, the self-sufficiency rate of energy in Japan has 

decreased to 6.0% subsequent to ceased nuclear power plants 

due to Great East Japan Earthquake and large tsunami, 
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leading to an increment in the importation of fossil fuels as 

alternate options to nuclear energy. Coal has been re-assessed 

in this event as a significant power supply of base-load due to 

its economical price per unit of heat energy occurring in all 

fossil fuels [2].   

During 2015, an estimation of more than 580 million tons 

of fly ash from China coal-fired power plants was produced 

yearly being accounted to a worldwide yield of greater than 

50%. The fly ash disposal became a grave issue due to 

generation of large quantities of toxic secondary result of coal 

combustion [3]. Seventy-one (71) million tons of fly ash are 

being generated yearly in the United States from coal power 

plants, however, only 45% is being recycled in various 

utilizations. Different applications described are utilized as 

polymer fillers, cement-like materials, Portland cement 

substitute, stabilizing agent, wastewater treatment and 

asphalt [4]. Affordable power generation with unreliable 

conformity to fossil fuels following its energy matrix would 

permit South American countries for fixed-cost reduction and 

provide a chance for new market entries. In previous years, 

traditional and non-traditional renewable energies as an 

integral part of their energy matrix were formed with huge 

attempts in Chile. As an important attribute, Chile is 

responsible for native and forest plantations of more than 15 

million hectares with an average produce of 20-40 m
3
/ha/y. 

Woody residues amounting to almost 4 million tons per year 

equivalent to 14,000 GWh/y are being generated from 

forestry pursuits. Replacement of the demand for internal 

coal as an essential portion for these residues for generation 

of electricity in coal-fired systems results to an energy matrix 

that is more sustainable [5]. 

Subsequent to China, Europe is regarded as the second 

polymeric producer responsible for the total production of 

20.4% worldwide. In 2012, its worldwide utilization resulted 

to 288 million tonnes, with an augmenting record of 2.8% in 

comparison with 2011 production, and broadly, in the last 5 

decades, the polymeric industry has increased constantly 

with an outcome of increasing amount of plastic wastes. The 

amount of polymeric wastes delivered annually to landfill is 

declining due to positive slope in plastic recovery among its 

post-consumers. The positive trend is accounted to 61.9% of 

polymer recovery, 35.6% were utilized for energy recovery 

and 26.3% were used to polymeric recycling. Although the 

recycling polymeric rate is still at minimum levels [6]. 

In the current setting, it is very crucial to 

recycle/recover/manage polymeric solid waste (PSW) 

materials. Polymeric manufacturing is a point of interest and 

gaining popularity among industries, in which plastics are 

being generated for various products. Polymers have evolved 

into an essential human need and its worldwide generation 

has largely augmented within the past 5 decades. 
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Conventional polymers are very durable and not easily 

decomposed in immediate contexts. It is proven that 

polymers will never decompose and is persistent in the 

environment for many years, since plastic degradation 

requires a century in normal atmospheric settings. Polymeric 

waste is detrimental due to highly toxic pigments of trace 

elements. As a consequence, synthetic polymers emit 

environmental pollutants creating a major problem. An 

enormous scale production of PSW leading to a global 

generation of 150 million tonnes per annum. An estimation 

of 8 million tonnes of polymer materials are being utilized in 

India yearly since 2008 and has increased by 12 million 

tonnes in 2012. There is a high disposal rate of plasticized 

PVC due to general manufacturing consumption of window 

framing, pipes, roofing sheets, floor coverings, and cables. It 

has a wide scope of utilization including wrapping materials, 

packaging films, garbage and shopping bags, liquid 

containers, toys, clothing, building materials, industrial and 

household products. Virgin polymeric material can be 

recycled by reusing 2 to 3 times only, because the durability 

of polymeric material is lessened per recycling owing to 

thermal degradation. Specifically, solvents capable of 

donating hydrogen play a role in heat decomposition of 

plastics influencing hydrocarbon production and distribution. 

There is no exact approximation available on total polymer 

production, although, 70% of total polymeric utilization has 

been disposed as waste, hence, an estimation of 5.6 million 

tons yearly of polymeric waste has been produced equivalent 

to 15,342 tons daily [7]. 

Since polymeric waste is bulkier than other types of waste, 

an issue has worsened the situation considering that landfill 

allocation has turned to rare and costly. For energy recovery, 

incineration generates toxic gaseous products which convert 

solid waste issue into air pollution problem. Plastic pyrolysis 

is a possible option for recycling polymeric wastes in which 

major routes for plastic recovery highlighting chemical 

importance and energy in comparison to incineration with 

polymer chemical importance being entirely lost. Pyrolysis 

of polymeric waste could play an essential key to conversion 

of waste into cheap and essential hydrocarbons, such as fuels, 

in the petrochemical industry [8]. 

Hybrid mesoporous membranes can be fabricated with 

pore diameters ranging between a few nm to tens of nm with 

varying geometrical structures and still consider to be 

challenging with quite significant positive impact on research 

topics because these materials meet the acceptable criteria for 

important consideration to various promising utilizations 

involving size and charge limited separation [9]. Mesoporous 

zeolites have been greatly applied in recent years as catalytic 

bases due to their huge even pore sizes, huge pore volumes, 

and high surface areas. These entities have several structures 

like SBA-16 with three-dimensional channel cage-like 

connection and a cubic structure. These properties resulted to 

higher reactant rates of mass transfer. Furthermore, 

prevention of metal particle aggregation has been observed 

with small input of pores. According to a study, 

SBA-16-supported metal has exhibited its activity suitable 

for direct hydroxylation of benzene. In reference with the 

work of Zhu et al., catalytic benzene hydroxylation to phenol 

in comparison to VOx/SBA-16 preparation applying an 

impregnation process resulted to 13.8% benzene conversion 

and 97.5% phenol selectivity. Recent study involved 

preparation of co-doping of SBA-16 with an 

evaporation-induced self-assembly process, resulted to a 

28.8% phenol yield and 96.6% phenol selectivity [10].  

Fly ash is one of the secondary results of thermal power 

plant with such appropriate adsorbent that has gained 

popularity as it is produced in huge amounts as waste entities 

during worldwide combustion method. It has an 

approximated worldwide production of 500 Mt per annum of 

fly ash. Fly ash production from coal-based thermal power 

plants in India resulted to 131 Mt per annum and it was 

predicted to augment to 300-400 Mt per annum by this year. 

The chief end of fly ash is extremely related landfill disposal 

raising not only economical but also environmental issues. 

Thus, finding an efficient process becomes essential in order 

to resolve these problems. Fly ash utilization in varying 

industrial areas significantly augment, although fly ash 

production is far larger than its application. Hence, 

innovation of environmentally friendly applications has 

driven efforts in creating the best possible utilization for these 

readily available prolific materials. Although there are 

extensive investigations and its uses are greatly understood to 

promote possible environmental impacts in relation to fly ash 

application. Heavy metals are vulnerable to leach from the 

ashes having relatively low and thus, its related risks for the 

liberation of heavy metals into the environment should not 

exceed beyond its acceptable limits. Fly ash has a promising 

application in wastewater treatment due to its chief chemical 

constituents, namely, calcium oxide, magnesium oxide, ferric 

oxide, silica, aluminum and carbon, and its physical 

characteristics such as particle surface distribution, surface 

area and porosity. Fly ash application for the uptake of heavy 

metals, organics and dyes from wastewater has been cited. 

Exhibition of low adsorption capacity and fly ash 

modification can be observed in raw fly ash through physical 

and chemical treatment leading to adsorption capacity 

enhancement, thereby, enriching the importance of its 

utilization. In consideration of several studies, fly ash has 

been altered through several processes. In the comparative 

study done by Wang et al., dye uptake utilizing fly ash treated 

with traditional chemical, sonochemical and microwave 

techniques. Wang and Zhu investigated fly ash subsequent to 

sonochemical aqueous solution treatment of methylene blue 

uptake. In the work done by Pengtham-keerati et al., 

phosphate removal efficiency with hydrochloric acid (HCl) 

and sodium hydroxide (NaOH) treated fly ash has resulted to 

improve its efficiency. The work of Nascimento et al. had 

investigated on hydrothermally treated fly ash performance 

for cation adsorption from aqueous solutions, while Sahoo et 

al., recently assessed the alkali potential of altered fly ash for 

the metal uptake from acid mine drainage, whereas, 

Polowczyk et al. observed boron uptake enhancement 

through application of fly ash agglomerates [11]. 

Sequestration of carbon dioxide (CO2) by mineralization is 

one of the most secured and fixed process for storage of CO2 

liberated by combustion of fossil fuels, and may lead to a 

viable option of geological storage of CO2. It is appropriate 

for emitters of small, medium or impossible geological 

storage. In comparison to natural minerals, industrial 

secondary yields such as fly ash have various benefits to be 

the feedstock involving economical materials, high reactivity 

of entities, no pre-treatment need, and no difficulty of 

availability in proximity to CO2 emission sources. 

Particularly, fly ash usually has basic oxides such as calcium 

oxide (CaO) and magnesium oxide (MgO) which are 

observed to be ideal raw materials for the sequestration of 

CO2 due to their high reactivity. Moreover, fly ash is 
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commonly fine enough having most of its particles being 

measured to fall within micron or even submicron scale, in 

which grinding in unnecessary before the carbonation 

technique. Moreover, produced fly ash is combined with CO2 

subsequent to combustion in coal-fired power plants, 

therefore, it is unnecessary for extra transport cost [12]. 

The paradigmatic assumption concept is described in 

support of the writings done by Burrell and Morgan (1979), 

Deetz (1996), Silverman (2010), and Alvesson and Sandberg 

(2011) as a basis of meta-theoretical system involving 

acquisition, structure and knowledge justification in the work 

domain. These paradigmatic theories crucially direct the 

settings of research and formulate the study objects in a cited 

area and are digressing constituents supporting the scientific 

research production. An essential portion of this digressing 

generation pertains to the rhetoric role in the knowledge 

construction claims and research practice justification. Using 

this description, scientific writing can be regarded as 

digressing and its rhetorical duty is related to particular 

meta-theoretical system [13]. This paper generally aimed to 

determine path model exploration based on zeolite 

applications. 

II. METHODS 

Linear algebra is a mathematical tool to determine a 

significant correlation between two (2) variables. Model 

development process is a formulated concept on 

meta-analysis of causal-effect relationship from various 

chemical elements and properties of coal fly ash into its 

utilization from several locations and application of zeolite 

materials into several outputs such as gasoline, diesel, 

wastewater treatment and carbon dioxide (CO2) 

sequestration. Equations below represents the general 

formula together with its breakdown of variables. “A” 

represents the dependent variables responsible for coal fly 

ash formation and zeolite synthesis, while, “X” indicates the 

independent variables used as chemical constituents and 

properties of coal fly ash. Summary is shown in equation (1).  

 

  Ax = b                  (1) 

  a11x1 + … + a1nxn = b1 

  a21x1 + … + a2nxn = b2 

 ……………………………… 

 am1x1 + … + amnxn = bm 

 
In reference with the figure on path exploratory model no. 

1, four (4) coal-burned properties, such as anthracite, lignite, 

bituminous and sub-bituminous, represent to be the vectors or 

the independent determinant leading to various applications 

for zeolite synthesis. Various dependent factors for coal fly 

ash formation and zeolite synthesis are distributed as entries 

of the matrix, with variable “y” being substituted to “a”. The 

linear system of equation for path exploratory model no. 1 is 

exhibited by equation (2). 

 

For Path Exploratory Model No. 1:  

(𝑎11
𝑎21

𝑎12
𝑎22

𝑎13
𝑎23

𝑎14
𝑎24

) (

𝑥1
𝑥2
𝑥3
𝑥4

) = 𝑏𝑚          (2) 

 

There are three (3) independent variables being studied for 

combustion method, as well as for heating and cooling 

regimes. These independent factors influence the production 

of coal fly ash and generation of zeolite from various 

locations and subjected to several applications. Linear 

algebra for path exploratory model no. 2 and 3 is exhibited in 

equation (3).  

 

For Path Exploratory Model No. 2 and 3: 

 (𝑎11
𝑎21

𝑎12
𝑎22

𝑎13
𝑎23

𝑎14
𝑎24

) (
𝑥1
𝑥2
𝑥3

) = 𝑏𝑚              (3)  

 

In order to understand the reaction mechanism for the 

formation of several synthetic fuels, such as gasoline, diesel 

and heavy oil, the following differential equations for 

homogenous substance are used to determine its degradation 

rate. Two (2) variables of the same unit of concentration (y), 

dependent variable, will be analyzed in respect with time (x), 

independent variable at constant temperature to observe the 

transformation of polymeric materials into various amounts 

of synthetic fuels. The general formula for ordinary 

differential calculus in the n
th

 order is shown in equation (4). 

 

 𝑦𝑛 =
𝑑𝑛𝑦

𝑑𝑥𝑛                  (4) 

   

The before and after liquid % yields are represented by y 

and derivative of y or the change in y variables measured in 

fixed amount of time change, represented as dx or ∆x at 

constant temperature. Equation (5) can be expressed into 

lengthened orders of %yield, as shown below, equivalent to 

just a function of time. 

 

𝑦𝑛 + 𝑎1(𝑥)𝑦𝑛−1 + 𝑎2(𝑥)𝑦𝑛−2 + ⋯ + 𝑎0(𝑥)𝑦 = 𝐺(𝑥) (5) 

 

     Simplifying the left-hand equation, L(y) is expressed as 

the distinct function of liquid % yield of synthetic fuels from 

plastic materials, and it is equal to a differentiated function of 

time, as represented by equation (6). 

 

𝐿(𝑦) = 𝐺(𝑥)                (6) 

 

In expressing the distinct function of liquid % yield, the 

equivalent %yield in respect with time change is substituted 

as a function of the initial %yield. Hence, the correspondence 

of 𝐿(𝑦) can be expressed in equation (7). 

 

𝐿(𝑦) = [
𝑑𝑛

𝑑𝑥𝑛 + 𝑎𝑛−1(𝑥)
𝑑𝑛−1

𝑑𝑥𝑛−1 + ⋯ + 𝑎0(𝑥)] (𝑦)  (7) 

 

The first term of the distinct function of initial % yield is 

designated as an operator, D, and can be represented by the 

equation (8). 

 

𝐷𝑛 =
𝑑𝑛

𝑑𝑥𝑛                  (8) 

 
In combination with the two (2) previous equations, 

re-arrangement of the differentiated function of liquid % 

yield can be shown in equation (9). 

 
𝐿(𝑦) = [𝐷𝑛 + 𝐶𝑛−1𝜆𝑛−1 + 𝐶𝑛−2𝜆𝑛−2 + ⋯ + 𝐶𝑜](𝑦)  (9)  

 
The n-roots, such as 1, 2 … n, for the n-linear functions 

can be expressed as n-degree polynomial and is shown in 

equation (10). 

 
(𝜆 − 𝜆1)(𝜆 − 𝜆2)(𝜆 − 𝜆3) … (𝜆 − 𝜆𝑛) = 𝐿(𝑦)    (10) 
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Since D-operator can also be termed as lambda (), 

substitution of the combined first term of n-degree 

polynomial and distinct function of liquid % yield resulting to 

a homogenous solution is expressed by the equation in 

equation (11).  

 
(𝐷 − 𝜆1)(𝑦) = 𝐿(𝑦)              (11) 

 

Reaction mechanism for the separation of variables, 

namely the obtained liquid % yields (y) of synthetic fuels 

from degraded polymeric materials (c) in respect with change 

in time (x) and decay constant (), is mathematically 

explained in equations (12)-(22), thus, leading to formula for 

degradation kinetics, in which Do represents the initial 

%yield and Dt serves as the target % yield after a distinct time 

change. 

 
𝑑𝑦

𝑑𝑥
− 𝜆1𝑦 = 𝐿(𝑦)                (12) 

 
𝑑𝑦

𝑦
= 𝜆1𝑑𝑥                  (13) 

 

∫
𝑑𝑦

𝑦
= ∫ 𝜆1𝑑𝑥                 (14) 

 
ln|𝑦| = 𝜆1𝑥 + 𝑐                (15) 

 
𝑒𝑙𝑛𝑦 = (𝑒𝜆1𝑥)(𝑒𝑐)               (16) 

 
𝑦 = 𝑐𝑒𝜆1𝑥                  (17) 

 

Where: 

 

∫ 𝑑[𝐷]
[𝐷𝑡]

[𝐷0]
= −𝑘 ∫ 𝑑𝑡

𝑡

0
              (18) 

 
[𝐷𝑡] = −𝑘𝑡 + [𝐷0]               (19) 

 

𝑡1/2 =
[𝐷0]

2𝑘
                  (20) 

 

Since k = degradation constant () 

 

𝜆 =
[𝐷0]

2𝑡1/2
                   (21) 

 
 

Hence, 

 

𝑌𝑡 = 𝐷𝑜𝑒𝜆𝑥                  (22) 

 
Monte Carlo method is applied to determine the collision 

probability of the reaction rate for particle motion. 

Hydrocarbon particles represented as Pi is investigated for its 

transfer from one grid (wastewater as Pi) to another local 

(zeolite as Pj). The particle position is explained as the ratio 

of the local particle number (n) with simulated wastewater 

(N), multiplied with its immediate area, radial distribution 

function, relative transfer velocity and the time difference for 

the travel of the pollutants. The particle transfer can be 

numerically explained by equations (23) and (24).   

 

𝑃𝑖𝑗 =  ∑ 𝑃𝑖𝑗
𝑁
𝑗=1                  (23) 

 

𝑃𝑖𝑗 =  
𝑛

𝑁
 4𝐴𝑔(𝑟)𝓋𝑖𝑗∆𝑡             (24) 

 

Mass transfer is the molecular diffusion of a substance 

conducted in z-direction in which partial change in the 

material concentration of the physical state follows the Fick’s 

second law of unsteady-state diffusion. In order to determine 

the series of partial change in the amount of carbon dioxide 

(CO2) sequestered in the zeolite per partial change in 

differential time, mass diffusivity is obtained by the increase 

in partial mass diffusivity in z-direction, in which no 

chemical reaction takes place in stationary zeolite. The 

general formula for Fick’s second law of unsteady-state 

diffusion is shown in equation (25).  

 

 
𝜕𝐶𝐴

𝜕𝑡
= 𝐷𝐴𝐵

𝜕2𝐶𝐴

𝜕𝑧2                (25) 

  

For the determination of concentration profile, initial 

condition and two (2) boundary conditions, which can be 

explained by the statements below, are needed to compute for 

the partial concentration change per change of time occurring 

inside the zeolite and at the surface of the zeolite material 

moving towards the z-direction.  

 

Initial Condition: 

t = 0, 𝑐𝐴 (z,0) = 𝑐𝐴,0 for all z 

  

Two (2) Boundary Conditions: 

A. First Boundary Condition (at the surface): 

At z = 0, 𝑐𝐴 (0,t) = 𝑐𝐴 for t > 0 

B. Second Boundary Condition (in the z-direction): 

At z = ∞, 𝑐𝐴 (∞,t) = 𝑐𝐴 for all t 

 

     Partial change in initial concentration per unit of time, 

represented by 𝜃, is equivalent to the initial condition stated 

above. Hence, interchangeability of the symbols can be done 

and substitution in the conditions and equations (26) and 

(27). 

 

𝜃 = 𝑐𝐴 − 𝑐𝐴,𝑜                 (26) 

 
𝜕𝜃

𝜕𝑡
= 𝐷𝐴𝐵

𝜕2𝜃

𝜕𝑧2                 (27) 

 

 

With 

 𝜃(𝑧, 0) = 0 

 𝜃(0, 𝑡) = 𝑐𝐴𝑠 − 𝑐𝐴,𝑜 

 𝜃(∞, 𝑡) = 0 

 

In order to satisfy the two (2) boundary conditions set for 

the partial change in concentration within the zeolite and its 

immediate atmosphere going in z-direction, the 

dimensionless parameter for each concentration change can 

be applied following Fick’s second law of unsteady-state 

diffusion and their equations are shown in equations (28) and 

(29). 

 

 𝜃 =
𝑐𝐴−𝑐𝐴,𝑜

𝑐𝐴𝑠−𝑐𝐴,𝑜
                (28) 
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(Dimensionless Concentration Change in Respect with 

Initial Concentration) 

 

 𝜃 =
𝑐𝐴𝑠−𝑐𝐴

𝑐𝐴𝑠−𝑐𝐴,𝑜
                (29) 

 

(Dimensionless Concentration Change in Respect with 

Surface Concentration) 

III. DISCUSSION 

Coal-fired power plants gather information regarding the 

heating and cooling regimes of coal fly ash from several 

locations and assigned as independent variables classified as 

subdivisions. Coal burned properties of coal fly ash are 

subjected to analysis for determination of its composition 

(anthracite, lignite, bituminous or sub-bituminous). Fig. 1 

shows the general model development process for the 

synthesis of zeolite samples from coal fly ash. 

 

 
Fig 1. Zeolite Synthesis Pathway 

 

Varying coal burned properties, namely, anthracite, 

lignite, bituminous or sub-bituminous, serve as independent 

variables against several other variables influencing the 

generation of zeolite samples. Other influential independent 

variables are the amount of coal fly ash produced from each 

location. Yielded synthetic fuel oils, quantity of petroleum 

hydrocarbons being taken up and amount of carbon dioxide 

(CO2) being sequestered correlates with several determinants 

for zeolite synthesis. Fig. 2 exhibits the first path exploratory 

model. 

 
Fig 2. Path Exploratory Model No. 1 

 

Parameters used for the heating regimes of coal fly ash 

investigate against several other factors to consider for 

zeolite synthesis. Varying yields of zeolite applications, 

namely, gasoline, diesel, oil spill uptake and carbon dioxide 

(CO2) sequestration correlate with other determining 

pathways for synthesis of zeolites. Fig. 3 illustrates the 

second path exploratory model for the generation zeolite 

materials. 

 

 
Fig 3. Path Exploratory Model No. 2 

 

Varying factors responsible for the cooling regimes of 

zeolite synthesis from four local coal-fired power plants 

correlate for determination of the pathway produced. 

Quantification analysis from four zeolite applications 

correlates with other proposed pathways influencing the 

generation of zeolite particles. Fig. 4 shows the third path 

exploratory model for evaluation of zeolite pathway 

synthesis. 

 

 
Fig 5. Path Exploratory Model No. 3 

IV. CONCLUSION 

Exploratory factor analysis (EFA) is an interdependence of 

several varying processes that possess two main functions. 

The first is for acquisition of minimum number of parameters 

containing the maximum possible yield of information 

involved in the independent variables applied in the model 

exhibiting greatest possible reliability. The quantity 

reduction of variables is essential when it has a tendency for 

data submission to other different variables for analysis 

procedures, hence, generation of an economical model. Even 

though there are significant relationships between these 

determinants, factor analysis secures a level of information 

from the independent variables. The second function, in 

relation to the first, is significant for mechanism 
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identification of indicators applied experimentally and 

arranged in parameters that are not directly observed, with 

dimensional representation of the phenomenon being studied. 

Hence, grounded theory by theoretical assumptions can be 

numerically established by development of mathematical 

theories.  
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