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1. Introduction

Using fractal analysis and computing fractal dimension to understand materials
chemistry and solve problems such as catalysis, chemical reactions, fuel storage, and
material design is an important scientific research domain. After B. B. Mandelbrot [1,2]
published his works regarding fractals, defining them as objects with a peculiar geometry
and characterized by fractional exponents, it seemed that fractal theory would be the
answer to questions in different domains: engineering, physics and chemistry, computer
science, even literature and geography. After Avnir, Farin, and Pfeifer [3] found that
surfaces of most materials are fractals at molecular scale, studies intensified in the following
directions: fractal dimension determination of materials by micrograph analysis [4–8],
adsorption isotherms method [9–13], small-angle X-Ray scattering [14], relation between
physical and chemical properties of materials and the fractal dimension to design better
materials [15,16], application of fractal analysis on adsorption, chemisorption, chemical
reactions, heterogeneous catalysis [17–29], medicine and cancer research [30,31].

Scientific literature related to fractal analysis in materials chemistry depicts two essen-
tial research fields: first, characterization of materials from the fractal point of view to find
self-similarity in nature and second, to correlate experimental conditions and preparation
routes with the fractal behavior to design specific materials. The articles published in this
special issue are part of these scientific research directions and state-of-the-art applications
of fractal theory in materials chemistry.

Seven articles were successfully published following the excellent collaboration with
Ms. Assistant Editor May Mei and the editing team’s special work. Finally, we are grateful
to all the authors of these publications for their excellent research work and contribution to
this Special Issue.

2. This Special Issue

Qi An et al. in Contribution 1 have developed a novel analytical model based on
the Sierpinski carpet to obtain the normal contact stiffness on the grinding joint surface.
The model was compared with the KE model and experimental data, and the presented
model was found to be close to experimental data. It was proved that the model is a solid
theoretical base for the optimization design of high-precision machine tools. The relation
between design and the fractal analysis is underlined.

In Contribution 2, Z. D. Ghizdavet et al. obtained alumina ceramics from different
alumina sources using various rare-earth dopants, concentration levels, and synthesizing
routes. A total of 206 Scanning Electron Microscopy micrographs were compared using
fractal theory. Fractal dimension was used to mark dissimilar or noisy micrographs and
identify correlations. Using different fractal dimension determination methods, two edge
detection techniques, ImageJ’s Find Edges tool, and the Canny Edge Detection plugin
also led to selecting the best method in terms of processing time and quality: the Canny
Edge Detection plugin. This paper’s strong dependence on synthesizing conditions and
similarities is an important finding.
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G. Dobrescu et al. (Contribution 3) found the well-known Dubinin-Radushkevitch
and fractal Freundlich isotherms using Cerofolini’s model and an adequate adsorption
energy form. The surfaces’ energetic and geometric properties are assumed to exhibit
fractal behavior. This theoretical approach explains why the sorbent does not need to be
porous to apply a fractal adsorption isotherm and offers interesting insights on fractal
energetic inhomogeneities behavior. The theory was applied to some nanoparticle catalysts
(Rh/Al2O3, Rh/TiO2, and Rh/WO3), and some experimental results were discussed from
this point of view.

In Contribution 4, Shansi Tian et al. choose to analyze the microstructure of pores
and to characterize the multifractal behavior of the heterogeneity of the pores of a natural
lacustrine oil-prone shale. FE-SEM micrographs were used to describe the pores fractality
of the four pore types: organic pores, organic cracks, inorganic pores, and inorganic cracks.
Their principal findings reside that the inorganic pores and cracks are the main storage
space; organic pores and cracks provide only limited resources.

Gabriela Petcu et al. in Contribution 5 analyze in situ morphology, structure, and
fractal dimension during the zeolitization of Zeolite Y and Ti-containing zeolite Y. Fractal
dimensions were computed from small-angle X-ray scattering (SAXS): transition from small
particles with a smooth surface to compact structures of zeolite crystallites with rough
surfaces was depicted from fractal dimension variation. Titanium incorporation in low
concentration into the zeolite Y leads to smooth surfaces and compact structures with lower
fractal dimensions; meanwhile, higher Ti concentration leads to higher fractal dimensions
and higher self-similarity properties. These observations lead to a mechanism to describe
the zeolite synthesis.

In Contribution 6, authors Cheng Li et al., a fractal pore-scale model is used to study
the fluid flow, heat conduction, and gas diffusion through porous media. They also
calculate the conductivity properties, such as effective permeability, thermal conductivity,
and diffusion coefficient. Results depicted the correlations between conductivity and the
pore structure. Experimental results and 2D numerical simulations were compared with
the theoretical findings, providing new insights for understanding the transport processes
through porous materials. Results could solve problems such as energy storage, carbon
dioxide sequestration, fuel cells, etc.

The authors F.M. Mwema et al. in Contribution 7 bring an interesting approach to
the growing trend in research on the applications of fractal theory in thin film technology.
The bibliometric study also discussed the factors that influenced this behavior. Authors
identified four application domains: (1) fractal theory as a tool for the creation of superior
devices, (2) using fractal theory for characterization of roughness and structure evolution,
(3) using fractal theory for prediction of structure evolution during thin film depositions
and (4) fractal theory as an optimization tool for thin film design.

In conclusion, this Special Issue, “Fractal Analysis and Fractal Dimension in Mate-
rials Chemistry”, is a collection of papers dedicated to studying the fractal properties
of materials in their preparation and characterization phases. From this point of view,
this issue is a useful tool for researchers interested in fractal dimension determination by
micrograph image analysis (SEM) or SAXS, adsorption isotherms and characterization
of surface energetic inhomogeneities, materials and high-precision machine tools design,
porous materials, and finally, thin films.

Conflicts of Interest: The authors declare no conflict of interest.
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