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Modelos preditivos para propriedades termodinamicas de sistemas homogéneos
e heterogéneos sao ferramentas aplicadas na engenharia. Por exemplo, a manipu-
lacao da tensao superficial é uma abordagem ttil para a recuperacao avancada de
petroleo no setor industrial. A tensao superficial pode descrever o comportamento
sob condigoes de saturacao e supercriticas quando se trata de hidrocarbonetos.

Uma forma de estudar o comportamento interfacial de uma substancia é por meio
da analise de sua densidade. Teorias como a teoria classica do funcional da densi-
dade (cDFT) e correlagoes semiempiricas podem calcular as energias superficiais de
hidrocarbonetos nao polares.

Este trabalho aplica duas metodologias baseadas em equacoes de estado. A
primeira abordagem utiliza a equagao de estado ctubica de Peng—Robinson para obter
as fases bulk do sistema, aplicando-as a uma func¢ao de correlagao semiempirica para
tragar o perfil de densidade na interface. A segunda metodologia utiliza a ¢cDFT
com parametros da equacao de estado PC-SAFT para considerar as contribuigoes
da energia livre. Para essa técnica, foi utilizado o pacote de codigo aberto FEQOq.

Além disso, uma técnica experimental de medi¢ao da tensao superficial foi em-
pregada para validagao dos modelos. O método da gota pendente foi utilizado para
obter dados experimentais em triplicata, com temperatura e densidades de fase es-

pecificadas. O método é uma alternativa precisa e confidvel para a tarefa proposta.
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Predictive models for the thermodynamic properties of homogeneous and het-
erogeneous systems are tools applied in engineering. For instance, manipulating
surface tension is a valuable approach for enhanced oil recovery in the industrial
sector. Surface tension can describe the behavior under saturation and supercriti-
cal conditions when dealing with hydrocarbons. One way to study the interfacial
behavior of a substance is through the analysis of its density. Theories such as clas-
sical density functional theory (¢cDFT) and semiempirical relations can calculate the
surface energies of nonpolar hydrocarbons.

This work applies two methodologies based on equations of state. The first
approach uses the cubic Peng—Robinson equation of state to obtain the bulk phases
of the system. It applies them to a semiempirical correlation function to trace the
density profile at the interface. The second method uses ¢cDFT with parameters
from the PC-SAFT equation of state to account for free energy contributions. For
this technique, the open-source FEO, package was used.

Furthermore, an experimental surface tension measurement technique was em-
ployed for model validation. The pendant drop tensiometer was used to obtain ex-
perimental data in triplicate, with specified temperature and phase densities. The

method is a precise and reliable alternative for the proposed task.
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— Conduct experimental analysis of the surface tension of each hydrocar-
bon at different temperatures, contributing to the validation of model

predictions.

1.3 Document Structure

The structure of this dissertation is divided into five chapters.

Chapter 1 presents the introduction to the study. It provides the general con-
text of the topic under investigation and the general and specific objectives. This
chapter justifies the choice of pure substances and broadly highlights the predictive
models’ relevance. Considerations regarding the selected experimental technique are
also included.

Chapter 2 addresses the theoretical background. It details the equations of
state employed under different modeling perspectives. Discussions concerning the
local density and the theoretical foundations leading to the calculation of surface
tension are presented. The Helmholtz free energy and the grand thermodynamic
potential, which underpin the predictive approaches, are introduced. Furthermore,
the homogeneity and inhomogeneity of the two systems are considered. For the
experimental technique, considerations related to the optical method are presented,
along with recent advances in the field of tensiometry.

Chapter 3 outlines the three proposed methodologies. The work is divided
into experimental techniques and two theoretical models: implementing the pre-
diction from the macroscopic perspective and an open-source software package for
the microscopic perspective. The experimental section describes the procedures be-
fore, during, and after the measurements. It is worth noting that the density of
n-hexadecane was also obtained in addition to surface tension.

Chapter 4 presents the results obtained throughout the study. The experi-
mental density values of n-hexadecane are compared with data from the literature
spanning the last 60 years. Surface tension values are statistically analyzed. The
outcomes from both theoretical perspectives are examined and compared with liter-
ature data and those obtained experimentally in this work. Comparisons regarding
the descriptive accuracy of each model are also presented based on the Absolute
Average Relative Deviation (AARD) metric.

Chapter 5 presents the study’s conclusions, summarizing the main theoretical
and experimental contributions. The results’ implications are discussed, highlighting
advances in the understanding of the molecular mechanisms of surfactants, as well
as the limitations identified in the adopted model. Furthermore, recommendations
are proposed for future research related to surface tension in various systems and

substances.













































































































































