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Abstract: This research provides a literature review on several topics as a foundation to comprehend porous materials, their
structure, and behavior to explore how they can be derived from clays and nanoclays. In this case, considering the several
minerals present in some Ecuadorian clays, which are a potential starting material for the synthesis of porous frameworks, they
constitute a solid source of metal atoms such as Silicon or Aluminum. This research presents the evaluation and characterization
via XRD and AAS of clay samples collected in the southeast of Ecuador in the provinces of Azuay, Morona Santiago and Zamora
Chinchipe, which present diversified soil mineralogy with many chemical and crystallographic features for suitable precursors

in nanomaterials design.
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|
Introduction

The greenhouse effect, global warming, and climate chan-
ge have come to a state where little to nothing can be done
or approached in a traditional way to mitigate or tackle their
effects. Scientists have a hard job developing innovative solu-
tions for this pollution problem. Yet, since the early 2000s, the-
re have been advances in gases capturing and removing them
from the atmosphere through chemical processes. However,
these efforts are not enough, and the approach has evolved
to merge these chemical processes to physical ones using na-
notechnology to achieve the adsorption of different kinds of
gases. The presence of acid gases in the atmosphere has had
a crucial impact on the quality of life of people everywhere.
Nowadays, targeting the concentration of such gases in the
atmosphere is one of the biggest goals of science. One of the
recent techniques is the adsorption process of such gases
through porous frameworks®.

Now, what can one understand how porous framework
materials are? To answer that, one can see at these materials'
nano or picoscopic scale that if the constituents are not den-
sely stacked but form voids, the material is defined as porous
material’. To exemplify this better, it is easy to picture a bee
panel where there are blocks formed, leaving voids to be filled
with honey. In materials science, those voids are to be filled
with substances such as acid gases that are chemically and
structurally compatible and trapped in the frameworks. There-
fore, one can say that porous frameworks materials are beco-
ming all those with voids and a structure with framework form.

Porous frameworks synthesis can imply a wide range
of processes. Materials with permanently porous structures
made either entirely from organic building blocks or a combi-
nation of arganic ligands and inorganic nodes have been at the
forefront of chemistry for two decades®.

Decades of painstaking observational and empirical syn-
thetic advances have made it possible to predict, with a relati-

vely high degree of confidence, which structures might result if
certain building blocks are joined together*. Porous framewor-
ks, whether they are organic or metal-organic frameworks or
zeolites, have emerged as advanced materials with a wide ran-
ge of applications such as chemical catalysis, gas adsorption,
ion exchange, and advanced nanotechnology applications, as
will be discussed later.

In the adsorption process, the molecules or ions are to
be adhered to a surface rather than penetrate the framework.
Particularly in nanostructured materials, the applications field
for porous frameworks become a powerful tool since they pre-
sent large surface areas, high stability, and small size®. For the
adsorption process, the most remarkable feature is the large
surface-volume ratio since it represents more binding sites.

In Chemistry, the applications of interest are generally
removing undesired compounds, molecules, and impurities
from different matrixes that may contain contaminants traces
or subproducts. Therefare, the porous frameworks may act as
sieves, binding layers, or regular adsorbents with an appropria-
te chemical reactivity, improving their efficiency when using
nanostructured materials®.

Nowadays, nanomaterials constitute a wide range variety
of materials. One of the emerging types is nanoclays, which
are naturally occurring or synthetic clays treated and scaled to
nanostructures’. Nanoclays, are of great interest since they re-
present an opportunity for industrial and technological appli-
cations. Nanostructures display enhanced functional features
that are not found in larger dimensions materials®.

Consequently, the field also thrives because it has a rela-
tively low barrier to entry: it does not generally require sophis-
ticated apparatus or complicated synthetic techniques. This
allows contributions from synthetic chemists and engineers,
spectroscopists, and physicists®. All of whom are spurred by
the increasing availability of these materials without necessa-
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rily relying on collaborators to supply samples.

The hydrothermal synthesis method of porous framewor-
ks has become of consistent and urgent interest for material
scientists due to its easy access when one refers to equip-
ment and reagents used in the laboratory as vital factors for
the manufacture of the monomers producing the framework
afterward. Performing a hydrothermal method for the syn-
thesis, there is a higher chance of successfully modifying the
framework. It is well known that clays display many exciting
components to produce multiple porous frameworks® since
they contain silicon, iron, and aluminum minerals.

|
Theoretical Background

Porous materials and frameworks

Porous material can be defined as every solid or primarily
solid material that presents pores in its structure, giving cer-
tain features relative to the system's porosity, pore size, and
the fraction of pore volume concerning the total volume of the
material®. Applications of porous materials occupy a varied as-
sortment; they are commonly used as insulators, transistors,
and conductors in the electronic industry as well as sieves for
the water filtration system, chemical catalysis, etc'®!, Yet re-
search in this area continues to take innovative and necessary
paths.

The efforts of researchers have been reflected in the syn-
thesis and production of materials that are being applied in
processes for the elimination of polluting substances, emplo-
ying the adsorption process of compounds whether they are
in the liquid or gaseous phase. These materials are known as
adsorbents, and these have high demand, but like any kind of
material, their applications may be limited because of the pre-
cursors, specifically to the use of contaminating substances
as templates, as well as due to the synthesis methods. So, the
zeolites are examples of excellence since their synthesis is a
greener approach.

Zeolites, silica gel, intercalated layered materials, etc., are
common minerals used in such applications due to their pore
dimensions®. These kinds of materials can be used in complex
conditions given their ilk. The particularity of zeolites is that
their structure is what gives such behaviors that can be utilized
in several industrial applications like catalysis, gas adsorption,
water purification, and treatment'?
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There is particular importance in the synthesis of the po-
rous materials because of the specifications that they must
present to be adequate and suitable for specific applications;
therefore, the pore size, the porosity, the surface area, etc.,
must be controlled. Even in a more intricate way when the ma-
terial is of nanometric scale. Engineering the design of porous
material in clays is intended to change porosity, surface area'”,
surface content of solids, as well as thermal stability*®.

Although the engineering process for the obtention of zeo-
lites from layered silica clays has reached a high interest in the
material sciences scenario, the research on three-dimensional
structures (3D) from these compounds has been limited. This
may be due to the limited application of pillared clay, so the
effort to increase the use of coated material through pore en-
gineering begins to transform the coating into a zeolite struc-
ture’®, Now, data shows over two hundred types of zeolites
based on a silica-alumina ratio*.

Clays

Clays are an extended collection of minerals, yet in chemis-
try, they are known as hydrous silicates'®. They are found in na-
ture from different natural sources and can be produced in their
synthetic form. Their natural origin is after geological processes;
whether they were physical or chemical processes, weather-de-
pending processes, decompositions, etc., it will determine both
the composition and properties of the clays. Even though they
can travel because of natural phenomena, they are generally
found near their origin site. Clay minerals may be divided into
four major groups, mainly in terms of the layered structure va-
riation, as shown in Table 1. These include the kaolinite group,
the smectite group, the illite group, and the chlorite group*®.

The arrangement in these crystals consists of silicate la-
yers that coordinate two tetrahedral atoms combined to ed-
ge-shared octahedral sheets?. Thus, generally, clay structu-
res are proposed in layers, and these layers are seen in sheets
both tetrahedral and octahedral. This indicates that the tetra-
hedral layer is composed of silica-oxygen molecules sharing
the corners to other tetrahedrons of the same type. Instead,
the octahedral layer is structured by aluminum or magnesium
in sixfold coordination, for instance, halloysite as seen in Figure
1'821 that displays this conformation in nature. The layers are
then arranged by interactions such as van der Waals forces,
hydrogen bonds, cationic or static forces, etc. Clay's ability for
surface modification is what allows the dispersion of layered
silicates into separate sheets?.

Figure 1. Formation of a zeolite, from the primary TO4 to secondary building units and further assemble to form extended

zeolite!,



Clay particles can absorb or lose water in response to
simple humidity content changes in the surrounding environ-
ment; when water is absorbed, it fills the spaces between the
stacked silicate layers?.

Ecuadorian Clays

With regards to the soil mineralogy of Ecuador, there is
barely any research done. Despite the large variety and exis-
tence of clays, there is still a significant lack of knowledge or
information about their conformation, structure, and chemical
formula.

Clays in Ecuador may have several compositions, yet they
all show approximate levels of silica 60%, alumina 15%, low
alkali and carbonates, and high levels of iron%. However, the
lack of information opens the door to new research being done.
There is a crescent interest in using clays for nanotechnology
purposes, and most Ecuadorian lands provide them. As men-
tioned before, the clays may be found to be of various types,
as shown in Table 1, even more than the few ones already dis-
covered. And therefore, it can be used for many applications,
including the development of nanomaterials and the improve-
ment of nano-polymers.

In the same way, there is a need to discuss strategies and
their implementation in nanoscale technology to take advan-
tage of the naturally occurring resources, such as the Ecuado-
rian clays that can bring new and emerging materials, tackling
ecological issues also industrial and economic concerns, etc.
The lack of information on Ecuadorian clays is an opportunity
to research them and discover and develop many other appli-
cations.

This review considered the data from the repositories of
Ecuadorian Clays by the INEDITA project at Yachay Tech Uni-
versity, Ecuador. Under the INEDITA project, the clays were co-
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llected from Azuay, Zamora Chinchipe, and Morona Santiago
provinces, located in the southeast of Ecuador, also known as
the austral region of Ecuador. The total area of these provinces
covers about 33000 km?, yet the samples were extracted from
specific points, as shown below in Figure 3.

They are labeled and enlisted in Table 2, considering the
numbers used for classifying and identifying the clay series of
the INEDITA-GIAMP project. The code corresponds to the ori-
gin site of the clay and the number of the sample in the set.
Bouyoucos' method was used to collect the clays. Clay mine-
rals were characterized via X-Ray Powder Diffraction. This te-
chnique is a non-destructive method that permits a collection
of data about the composition of the crystallographic structure
and, therefore, the physical behavior of materials?. The men-
tioned clays were previously used in nanocomposite research.

The physical appearance of each clay sample is shown
below in Figures 4 and 5, which allow seeing how they vary
in color. It could be related to the content of iron oxide or iron
salts, not being this the only reason for the color variance in
each of the samples, as can be observed. In Table 3 as well,
it is indicated the iron concentration present in them. Still, the
color of the samples will derive from other factors as the di-
fferent mineralogical composition, environmental factors, or-
ganic compounds, etc. It must be said that the texture of the
clays was very alike between all the samples. Between clays
301, 302, and 303 there is a notorious difference in color, while
there is a similarity between 303 and 306 which were collec-
ted in the same province. It could be said that 302 and 308 also
look alike, although 302 is more pinkish while 308 tends to a
yellowish tone.

Over 2950 phases matching the XRD data were obtained
and analyzed with the software SmartLab Studio Il (Rigaku
Corporation, Japan), on average for all the samples. It was ne-

Group Layer type Species

Smectite 2:1 Montmorillonite, nontronite
Nlite 2:1 Clay micas

Chlorite 2:1:1 Chamosite, nimite, sudoite

Kaolinite 1:1 Halloysite, dickite, nacrite

Table 1. Clay minerals classification19.
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Figure 2. Chemical structure of halloysite21.
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cessary to see what compounds were present in the analyzed
samples, from which it was observed that Quartz and other
forms of silicon oxides appeared in all the samples in different
compositions. As it is noticeable, the spectra show similarities
for data sets that correspond to the exact location of prove-
nience, and they also are alike in composition.

The most remarkable features obtained of the analyzed
samples are shown in Table 2.

Besides their mineralogical composition, the samples are
also composed mainly of inorganic complexes, oxides, and long
carbon chains. There is a high relative abundance of Quartz in
all samples except for the CAN-306 sample, composed mainly
of Kaolinite.

From the characterization of clays through Atomic Ab-
sorption Spectroscopy' AAS', during the INEDITA project ac-
tivities, the iron concentration data (in parts per million) was
obtained for each sample. This is shown in Table 3.

The similar iron percentage in the analyzed clay samples
indicates that almost all the clays share a similar element
concentration. Moreover, sample CZY-305 shows a doubled
concentration concerning the other clays, see Figure 6, which
suggests that this sample is the most suitable precursor for
porous framework synthesis designed for H,S capture.

Nanoclays

Nanomaterials, specifically nanoclays, permit and present
various chemical formulas because of their modifiable structu-
re’. For example, Kaolinite or Montmorillonite which chemical
formula varies depending on the environment since its structu-
re adapts to both water and soil'®. Besides, materials like clays
present characteristics such as the Cation Exchange Capacity

Figure 3. ap of the Ecuadorian pro-
vinces and sites where clays were
collected. This sampling was perfor-
med by GILAM.P (Research Group
Applied in Materials and Processes).

Clays code by province:

Azuay:
CAN-301

Zamora Chinchipe:
CZN-302
CZP-303
CZY-305
CZQ-306

Morona Santiago:
CcoL-307
CoL-308

(CEC), which allows the core of the material to create a char-
ge imbalance that leads to a change in chemical composition.
Additionally, it indicates the level of potential substitution in
the core of the material, depending on which cations are used
to fill the voids somewhat; thus, resulting in a promising new
electronic or polymeric application. Thus, the exact theoretical
formula is rarely presented in such a way in nature; rather, the
material will have a certain number of waters, etc.

Research on nanoclays has made significant progress in
the last years because of the urgent and rising interest in the
polymer market’. These nanomaterials show many advanta-
ges as additives, coatings, etc. In clays, it is essential to noti-
ce that they present isomorphous substitution, which is why
they tend to have a charge resulting from the exchange of Si**
with AL** leaving a negative charge to be balanced later. This
gives the matrix the space to accept positive charges, which
allow the clay sheet structure to undergo modification, provi-
ding them the possibility of exciting applications as precursor
material since it allows the obtention, synthesis, or manufac-
turing of additives for polymeric chains?’. Also, nanoclays are
layered mineral silicate with layered nanoparticles that form
a crystalline structure after stacking. After, those stacks can
be dispersed in a polymeric matrix to achieve a specific new
material or feature of a polymer*’.

Nanoclays heavily affect the performance and behavior of
nanocomposites, although research is still to be done. An ex-
tensive set of characteristics may determine the best and most
optimum usage of a specific type of nanoclays but is still litt-
le and unknown. The level of intercalation and exfoliation are
some of the prior mentioned features, and they could severely
change the output of the nanomaterials. Nowadays, research
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CZN- 302 CZP- 303

Figure 4. Samples corresponding to clays CAN-301, CZN-302 and CZP-303.
CZQ- 306 COL- 307

Figure 5. Samples corresponding to clays CZQ-306, COL-307 and COL-308.
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Sample Mineral Phases

CAN-301 Quartz (31.7%), Kaolinite (68.3%

CZN-302 Quartz (27.2%), Kaolinite (70.6%), Alunite (2.2%)

CZP-303 Quartz (33.5%), Kaolinite (48.5%), Birnessite (2.0%), Titanite (14.0%)
CZY-305 Quartz (20.0%), Kaolinite (22.0%), Antigorite (19.0%), Microcline (29.6%)
CZQ-306 Quartz (9.0%), Kaolinite (63.4%), Muscovite (10.3%), Nacrite (17.3%)
COL-307 Quartz (13.8%), Kaolinite (86.2%)

COL-308 Quartz (39.1%), Kaolinite (57.6%), Dickite (3.4%)

Table 2. Data corresponding to known mineral phases of each sample analyzed by XRD and treated via QUALX2.0, the values

in parenthesis correspond to relative abundance (%).

Concentration of Fe

Sample (ppm) %Fe (+/-)
CAN-301 84 26
CZN-302 125 37
CZP-303 98 26
CZY-305 170 44
CZQ-300 103 27
COL-307 73 22
COL-308 79 21

Table 3. Data corresponding to Iron (Fe) concentration and percentage present in each sample?.

has turned its eyes into attaining unique and functional com-
binations of polymer matrix and nanoclays. Some of these so
desired features go from an immiscible or intercalated struc-
ture to an exfoliated structure, or even all of them together®®.
Most of the research has been directing and investing its
resources in flame retardancy and thermal modification, and
the remaining efforts go to organophilic clays for mechanical
or barrier properties*®. Nonetheless, as mentioned before, ex-
tending the field of research on nanoclays features will lead to
the synthesis of new materials and could even expand techno-
logy as one knows it. For example, suppose one considers the
decomposition rate of certain polymers (already of commer-
cial use) when added a more organophilic and high exfoliating
nanoclay to its matrix or as a coating. In that case, it could
disintegrate much more easily*® resulting in a greener material
or a vector that adsorbs toxins from the environment, etc.
Still, there is an urgency to consider the environmental
impact and concerns, and the proper production of new nano-
clays, as every emerging material, must be examined against

its ecological cost. In this case, the extraction of clays and the
subsequent nanoclays for both nature as a whole and humans
are two main factors.

Although it can be a completely clean process, the extrac-
tion represents a depletion of resources and must be carefully
considered, primarily when they represent a non-renewable good,
which in the long term will leave a mark on its primary source.

On the other hand, it must be considered the size of the
particle and the chemical composition and its effect on both Li-
ving and inert beings. Will these nanoclays be safe? For exam-
ple, for living beings, if the nanomaterial has some aspects in
its structure, could it enter the blood circulation system and
harm it? Or could they accumulate and cause disease? And so
on, many questions must be considered.

Toxicity and ecological challenges

The studies and analysis of nanoparticle toxicology fo-
cus on the capacity of nanoparticles to damage or change the
function of cells, genetic code, and living environments caused
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Figure 6. Percentage of iron concentration in clay samples obtained by Atomic Absorption Spectroscopy.

by shaping factors such as the very high surface area of these
molecules. It aims to determine in what mechanism the da-
mage is caused, and more importantly, it attempts to find a
proper response or a bridge to change the hazardousness into
a non-destructive feature.

The different modifiers and their incorporation or combi-
nation in the layered silicates can result in nanoclays very mis-
cible in polymers but could also represent a highly dangerous
when inhaled or a general direct exposure®. In the same way,
the factors mentioned above can lead to toxicological profiles
after random scenarios as thermal degradation and chemical
composition affect the nanoclays properties and their size and
shape, which provokes a variation in toxicity that can be so-
mewhat hazardous.

It was previously discussed that the modification genera-
lly occurs via ion exchange, and this process will directly im-
pact the resulting nanocomposite?®. Despite the obtention of
a high-quality polymer, the usage or consumption of them will
certainly open the possibility of degradation and, therefore, the
release of the nanoclays from the matrix®, which can turn into
a pool of free nanocomposites and depending on the medium
or vicinity it can increase the risk of toxicity.

The obtention of naturally sourced clays for the posterior
manufacture of nanoclays composites represents another
ecological challenge. It is not a threatening challenge, yet it
is essential to consider these factors since clays are obtained
from limited resources that constitute not only the ecosystem
for living beings but also the inorganic portion of a wholesome
environment, and like everything in nature, it provides a ba-
lance that must be taken care of. In the obtention of clays, it
is fundamental to consider the alterations in the surroundings
rather than in the clays themselves.

Applications

In recent years, functionalization has been the main ob-
jective of research in nanomaterials, since it seems to be, for
now, the mechanism which has shown higher effectiveness for
targeting many problems, such as drug delivery, surface acti-
vity for medical and mechanical purposes, etc., and so many
others®,

Bioactive molecules are a new resource that has been un-
der the loupe for many applications since it opens the possibili-
ties of modifying both inner and outer surfaces and other types

Ty

/
¢ /

Figure 7. Adsorption of positively charged molecules on the
negatively charged surface of a nanoclay?.

of chemical modification®. For this reason, its applicability is
broad. Another essential feature is that these molecules can
give multifunctionality. In nanoscale chemistry, this means the
opportunity to synthesize a material, a coating, or a nanoparti-
cle formulation that can accomplish two or more objectives or
target two problems at a time. This is of particular interest for
material scientists who are constantly searching for new func-
tionalities that enable the material's mechanical properties in
the recipient and can adapt to the environment it is in.
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One of the approaches to solve the mentioned above is
supposedly the surfactant activity of the nanoparticles and, if
they lack such activity, to enhance their performance by ad-
ding or assisting them via bio-templates. However, this method
continues to present certain unwanted behaviors and proper-
ties, which, although not inevitable, represent a particular diffi-
culty and hinder the exploitation of its potentials, such as the
creation of micro-voids in the matrix or the existence of ag-
glomeration®. Despite, when compared to other surface treat-
ments, introducing a multi-scale synthesis via bio-templates
is a current and promising technique to be more investigated.

There are many chemical and physical procedures to
functionalize materials, as enumerated in Figure 8.

Clays and nanoclays had acquired particular interest for
the applicability; they present for functionalization because
of their large surface areas. Clays are characterized for their
mechanical polymeric properties and one of those features is
the large surface area; this remains after nano scaling them
and this behavior makes them a special nanocomposite which
more likely will present more necessary properties, such as
favarable kinetics in adsorption terms, the desired pore size,
and expected crystal arrangement, among others.

Nanoclays can provide the chance not only to be func-
tionalized inherently but also to accept, or interact with tem-
plates, resulting in the formation of a functionalized bilayer
nanomaterial. When the template comes from a naturally oc-
curring source, such as plants, it widens the sustainability in
the process of fabricating a new material, responsibly made,
which tackles several green chemistry principles, some of
them being:

. Prevent waste

Less hazardous synthesis
Design of benign chemicals
Use of renewable feedstocks
Reduce derivatives
. Design for degradation
From: The Twelve Green Chemistry Principles®.

There are several studies in recent years corresponding to
the research of functionalization of materials and their appli-
cations. This so-called functionalization takes advantage of a
wide range of available resources, whether they are naturally
occurring or synthetic. The branch of study they can apply is
an open window to futuristic materials, devices, and medicine.
An assorted list of articles is shown below om Table 4, which
shows the research that has been done between 2020 and
2021 with functionalized materials.

Gas adsorption membranes

Previously, it was mentioned that nanocomposites in be-
ing widely used to revert the damage caused by the past wave
of plastics mass production. Nowadays, there is a particular
interest in producing new materials that are more ecological
and a real option of biodegradable polymers but also in the
adsorption of gases causing a greenhouse effect®,

Porous frameworks can work for both liquid and gas sys-
tems since their design permit to catch of molecules depen-
ding on their size rather than any other characteristics. The
benefits of a functionalized nanoclay go beyond acting as a
sieve. For example, in this case, where they are placed as a
gas adsorption membrane, they would trap molecules and a
physisorption process. Another feature is chemical selectivity,
which means that these nanoclays and their chemical makeup
must also act as, in a certain way, a selector, which allows spe-
cific other molecules to pass or not®,

The synthesis of nano-porous materials faces several
challenges. Luckily, they are successfully overcome daily be-
cause of the increasing interest in this research field. Mao, et
al., designed a hierarchical membrane that can undergo vola-
tile organic adsorption and hydrogen gas storage®, demons-
trating the many advantages that nanomaterials have to offer.
The hierarchical nano-porous membranes in the mentioned
study were synthesized from wood cellulose nanocomposites
with graphene oxide and carbon spheres.

Industrial treatment for both aas separation and hvdro-

THIN FILM FORMATION

HYDROTHERMAL
SYNTHESIS

COPRECIPITATION

ELECTROSPINNING

FUNCTIONALIZATION E oy

OXIDATION
REDUCTION

SURFACE COATING

SOL-GEL

DISCHARGE METHODS

Figure 8. Common technigues used for synthesis and functionalization of nanomaterials®.
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Material functionalization Authors Year
Mesoporous materials for lanthanide J. Florek, S. Giret, E. Juére, D. Lari- 2020
and actinide extraction viere, F. Kleitz
Construction of C-N Bonds via Metal- 5. Z. Song, Y. N. Meng, Q. Li, WT Wei 2020
Free Radical C(sp3)-H functionaliza-
tion
Magnetic nanosized materials for effi- Wang, P Sudarsanam, Y Xu, H Zhang, 2020
cient biodiesel synthesis via acid- HLi
base/enzyvme catalysis
Surface-Functionalized Graphite as Xiaochui Gong, Y. Zheng, Jiang Zheng, 2020
Long Cycle Life Anode Materials for S. Cao, Dr. Hui, B. Lin, Y. Sun
Li-ion batteries
Mesoporous silica materials with Houmei Liv, Hui Y, Pian Jin, Mi 2020
amino ligands for adsorption on aro- Jiang, G. Zhu, Yu Duan, Z. Yang, H.
matic acids Qiu
Rheological and antioxidant properties | M. R. V. Bertolo, V. C. A, Martins, M. 2020
of chitosan/gelatin-based materials M. Horn, L. B. Brenelli, Ana M. G. Pre-
functionalized pis
Proteins for engineered living materi- | L. Xuw, X Wang, F Sun, ¥ Cao, C Zhong 2021
als
Adsorption of chromium by function- X Xiao, Y Deng, ] Xue, Y Gao 2021

alized metal-organic frameworks from
aq. Solutions

Table 4. Assorted list of the recent studies on functionalized materials, corresponding to years 2020 & 2021.

gen storage have a long and robust relationship with zeolites
and porous materials for the removal of volatile organic com-
pounds®®¥, Still, in this era, nanotechnology offers the chance
to turn those conventional techniques into brand new inno-
vative paths to solve the same problems with a sustainable
approach. Nanoclays offer large surface areas, which is of con-
sideration when scaling membranes to industrial use. Another
remarkable feature is that they are lightweight materials that
improve transport, installation, replacement, etc., procedures
of high cost in the industry.

Moreover, reducing the negative impact that fossil fuel
footprint from the environment is always a massive triumph
for green chemistry, material science, the planet, and humans.
Individuals have been suffering the consequences of high con-
centrations of carbon dioxide in the air. By August 4, 2021,
there was a 415.16 ppm presence of atmospheric CO2 on the
planet, showing a 0.31% increase concerning the same date in
2020, when the concentration was 413,88 ppm, according to
co2.earth, a web page dedicated to recording daily the levels
of carbon dioxide reached.

Under this perspective, it is easy to interpret that separa-
tion of carbon dioxide is a strategic and practical factor when it
comes to energy storage and a wholesome ecological develo-
pment®. New nanomaterials, especially those functionalized,
hope to ease environmental problems.

Polymeric research aims to synthesize membranes that
have high flux and selectivity; however, there are many signi-
ficant obstacles, such as an increased permeability when se-
lectivity decreases or the contrary. Also, the elasticity of the

desired material may vary depending on the pore size and the
permeability it presents, etc.

Development of membranes with high flux and selectivity
is desirable, but one of the major problems of polymeric mem-
branes is that as their permeability increases, their selectivity
decreases significantly or vice versa. Various methods have
been investigated to overcome this problem thus far; these
include the synthesis of new polymers, mixing common poly-
mers with organic and inorganic nanoparticles, etc.®®, which
allow the formation of a membrane with high permeability,
and the nanoclays should also allow a high selectivity.

Hydrogen Sulfide (H,S) capture by porous frameworks
obtained from nanoczlays containing iron (Fe)

Hydrogen sulfide H,S can represent a harmful environ-
mental factor even at low concentration levels®. It is generally
the byproduct of industrial processes as it is formed after the
fermentation of several organic residues. This gas is toxic and
highly corrosive and deactivates catalysts, making it extremely
necessary to remove it before any biogas treatment“,

The current and most common methods for H,S capture
are wet desulfurization and dry desulfurization®. The research
aims to develop new innovative and sustainable processes for
the removal of H,S increase day by day, especially considering
the challenge it means to remove it while having a good sulfur
recovery“?,

The structures that are achievable with porous materials
and nanaclays, provide another solution for the adsorption of
toxic particles, such as H,S. The pore size acts as a molecular
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sieve at a nanometric scale, and the high surface area of the-
se frameworks can adsorb these molecules, depending on the
design of the material, such as metal-exchange zeolites and
other porous materials metal-organic frameworks which are
highly effective adsorbents®.

Many materials scientists have already proved that there
is an increased efficiency when the iron is present in zeolites,
silicates, etc. Lee et al. showed that the H,S adsorption capaci-
ty of zeolites is directly proportional to the iron concentration,
under a very important condition as it is room temperature®.
Bentonite loaded with iron oxide was prepared via the hydro-
thermal method by Long and Loc, which showed to decrease
the H,S concentration after the removal processes in a fixed
bed column*4,

Therefore, if clays contain iron, then they can be used as
a source for the synthesis of nanoclays. This will help and en-
hance hydrogen sulfide removal by any porous framework de-
rived from such starting reagents, such as the clays samples
discussed previously (refer to Table 3, 4, and Figure 6).

Water Treatment

Potabilization of water

The introduction of clays for sustainable water treatment
has been long researched and implemented worldwide. Com-
monly, most water filtration systems include at least one cera-
mic piece mainly composed out of clays in their structural de-
sign. Typically, ceramic filters are made with a high percentage
of clays (up to 80-85%) and combustible material, which form
a homogeneous mixture after a fine sieving process*.

It is reported that polymeric Fe & Al modified clays are
highly effective in heavy metals adsorption since it takes the
clays' adsorbent properties and their ion exchange capacity.
Clays, such as Montmorillonite and Kaolinite, had been provi-
ded suitable features for such processes because of the large
surface area, which was previously discussed. It is demonstra-
ted that these Al/Fe polymeric species are most efficient for
coagulation/adsorption purposes like chemicals removal or
emulsion for clean water treatment. Both natural and modified
clays exhibit the potential to produce new sorbent materials®.
The combination of both organic and crystalline materials de-
rived from clays might result in an optimum sorbent material
of such properties.

In the past, an approach for achieving this has been the
use of carbon in the form of charcoal™. Yet, granular-activated
carbon, a microporous structure, fails to remove large mole-
cules46 or waste-water residues, which are generally oil and
grease already emulsified. This lack of efficiency from char-
coal. Large molecules plug the exposed macro-porous layer;
hence the inner microporous layer becomes ineffective.

Dyes removal from water residues

It has been long studied that clays are an effective method
for removing organic dyes from water residues, yet in nano di-
mensions, the effectiveness of these clays is still under the
scientific eye*. The applicability of these processes is of high
potential. The removal of these dyes from aqueous solutions,
considering three crucial conditions: temperature, pH, and io-
nic strength™.

Nanoclays are a very innovative approach to remove some
sort of residues from water samples or aqueous solutions sin-
ce their large surface area provides the space to accept a lar-
ger guantity of molecules. When these nanoclays have been
functionalized for improvement, they can be provoked the

process of dye removal®’. Several conditions must be studied
to determine the efficacy of specific clays for these kinds of
processes. One, for instance, is the pH measurements before
and after, these giving the chance to track the changes in the
solution while the dye is being adsorbed. Another method for
determining the amount of dye is measuring the difference in
dye concentrations at certain points during the experiment!. A
mass-balance equation must be used to obtain accurate and
precise data for these. It is given below,

% Adsorption = %XIUO,
o

with C, as the initial concentration and C, as the concen-
tration different from the initial. Any C, can be considered, yet
is highly recommended to consider the final time to have a wi-
der window of a full adsorption process. Under the same con-
siderations, the above equation can also be used to study gas
adsorption; however, many factors would change because gas

molecules' behavior is much different from liquids.

Handling and treatment of nanoclays: suggestions on
their toxicity

The nanoscale size of nanoclays allows them to play an
innovative role in new biological and environmental functions.
Yet, they can also become a significant problem since they also
can interfere with cellular processes®. The complexity of na-
noclays effects and behavior requires putting up very detailed
and systematic handling and precautions to reduce the risks
of exposure.

Despite the several useful biological and environmental
applications of nanoclays, their nanoscale size enables them
to penetrate the cell membranes and interfere with cellular
processes. Given the complex and uncertain effects of na-
noclays on biological environments, systemic management,
analysis, and precautions are required to assess and minimize
the exposures during their use, handling, and discarding.

More research advances in this specific topic are requi-
red to comprehend the dynamics and behavior of nanoclays
in living environments and assess the possible damages and
side effects caused by the toxicity of the mentioned molecu-
les. It is of primary importance to achieve a safe production
of nanocomposites and nanomaterials as they represent and
play a fundamental role in the next significant generation of
polymers and their application.

Nowadays, there is no clear nor solid explanation of the
exact mechanism of how these molecules can be prevented to
cause adverse effects on cells, yet the most researched mo-
tive seems to be its large and augmented surface area, which
also is what gives such excellent properties they present also
allowing the surface functionalization, becoming a double
edge sword.

|
Conclusions

Porous frameworks are a suitable approach to tackle
contamination in many forms. Therefore, they provide the
door to chemical modification and the opportunity to create
novel materials from a wide range of precursors, as clays sin-
ce they constitute a primary and naturally occurring source of
starting materials such as Silicon or Aluminum. The soil mi-
neralogy of Ecuador allows the obtention of such nanoclays,
that can lead to the synthesis of nano-porous materials. This
idea derived the characterization of Ecuadorian clays from the



INEDITA project as a plus contribution to a repository and re-
search compendium of the soils they came from. This review
also displays the usefulness and possible applications such as
adsorption of the greenhouse effect, water cleaning, and pu-
rification, dyes removal, etc., as a starting point of what can
be achieved with nanoclays and porous frameworks resulting
from the proposed synthesis while considering late and new
research on the topic.
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