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Preface

The Faculty of Engineering arfrchitecture of the Universidad Autonoma del Carmen (UNACAR),
through the Master's Program in Materials and Energy Engineering, organized Godabjuium of
Research in Materials and Energy Engineering, held on Octokzs,2824, to precede the 5 previous
editions of the Master's Student Colloquium. The main purpose of this first colloquium is to open a space
for the dissemination and diffusiofiresearch topics developed by students, academics and technologists

of the different undergraduate, master's and doctoral programs in the area of science and engineering of
UNACAR and other graduate programs in the region, the country and abroad.ic8ecithe
colloquium seeks to promote discussion, debate and feedback on research advances in the areas o
materials, energy systems, environmental sciences, hydrogen technologies, electrochemistry, corrosion,
control and instrumentation, modeling andnasical simulation, among others. The organizers and most

of the participants of this first colloquium, who belong to research groups of different Academic Bodies
and form the AThematic Network of Material s al
national and international institutions, presented the progress of their research through oral presentations,
posters, lectures and virtual conferences, workshops, as well as the exhibition of some technological
prototypes designed and manufactured byesitsd

This Handbook ASustainabl e Materials Engi nee
presented at the 1st Colloquium on Materials and Energy Engineering Research, which consists of 10
refereed chapters that constitute the most representativs thilressed in this first colloquium. Each
of these chapters, which propose to reduce the ecolegnealonmental impact and improve the use of
natural resources, were inspected through the feedback of a Reviewing Committee that contributed to the
improvement of the papers published here, which are oriented in the area of materials and energy
engineering.

Coordinators:

MartinezVargas, Sergio
SierraGrajeda, Juan Manuel
PérezMontejo, Salatiel
MandujaneRamirez, Humberto Julian
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Spectroscopic and phytochemical characterization of green corrosion inhibitors
from leaves of theMorinda citrifolia plant based on acetone and ethyl acetate

Caracterizacion espectroscopica y fitoquimica de inhibidores verdes de corrosion
provenientes de hojas de la plantdlorinda citrifolia a base de acetona y acetato de
etilo

SancheaMartinez,Victor Albertd, FigueroaRamirez, Sandra JazmiBenavides, OleriaandSierra
Grajeda, Juan Mantiel

aRoR Universidad Auténoma del Carméi® LSL-31162024A® 0000:00030487-8323A& 1088487
b RoR Universidad Auténoma del Carmé&® AIB-14292022A%® 0000:000313681741A& 164797
¢ RoR Universidad Auténoma del Carméi® Q-377J:2019A 0000:000281240326 A& 339830
dRoR Universidad Auténoma del Carmé® LSK-85882024A% 0000000205656450A% 219284

CONAHCYT classification DOI: https://doi.orgl0.35429/H.20244.1.8

Area:Engineering

Field: Engineering

Discipline: Chemical engineering
Subdiscipline: Organic chemisgtr

Key Handbooks

In this work we present the obtaining and characterization of acetone and ethyl acetate extracts from thé/legarnda
citrifolia, we study these extracts to know their potential as a candidate corrosion inhibitor, we obtained their sp
phytochemical tests. To understand this work it is necessary to study the FTIR avid Epéctra, to find the functionz
groups and compouls of the extracts and to check with the phytochemical tests. It is important to mention thg
extracts will be further evaluated as green corrosion inhibitors, in order to have an effective, econom
environmentally friendly method to inhibhé corrosion of metals. The organic compounds of the plant are respons
reducing the corrosion rate of metals, so their identification is crucial for further evaluation. The authors in orde
book chapter have the following number of citaidh 4, 3 and 0. The author SanciMeartinez has a CONAHCY
scholarship, and the rest of the authors have a PRODEP desirable profile and belong to the National System of R
(SNI). All authors are from the Universidad Autbnoma del Carmen (Statie hiitution). The keywords most frequent
used are: spectroscopy, phytochemical testdvorthda citrifolia .
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Abstract

Metals suffer corrosion due to the presence of different corrosive media. One way to prevent corrosion is to develop and use
corrosion inhibitors that are effective and environmentally friendly. Plant extracts are good candidates because they do not
contan toxic substances. In the present work, extrackdarsfnda citrifolia leaves were obtained and characterized in acetone

and ethyl acetate. The extracts were obtained by maceration for 72 hours. Subsequently, they were characterized by
spectroscopic anchytochemical techniques. The spectroscopic techniques showed the presence of anthocyanins and phenolic
compounds and aromatic compounds. The phytochemical tests showed flavones, saponins and tannins. Studies showed tha
acetone and ethyl acetate extradtdlorinda Citrifolia leaves contain a mixture of organic compounds and their extraction
depends on the solvent used.

Spectroscopic and Phytochemical Characterization of extracts from
the leaves of theviorinda Citrifolia plant

Objetive | Methodology

Contribution

Identification Characterization 8
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Spectroscopy, Phytochemical TesMorinda citrifolia

Resumen

Los metales sufren corrosion debido a la presencia de diferentes medios corrosivos. Una forma de prevenirla es desarrollando
y empleando inhibidores de corrosién que sean eficaces y amigables con el mediante ambiente. Los extractos de plantas sor
buenos cadidatos debido a que no contiene sustancias téxicas. En presente trabajo se obtienen y caracterizan extractos de
hojas de IaMorinda citrifolia en acetona y acetato de etilo. La obtencién de los extractos se realiz6 mediante el proceso de
maceracion durda 72 horas. Posteriormente, se caracterizaron mediante técnicas espectroscépicas y fitoquimicas. Las
técnicas espectrosclpicas mostraron la presencia de antocianinas y compuestos fenélicos y compuestos aromaticos. La:
pruebas fitoquimicas flavonas, sapms y taninos. Los estudios realizados mostraron que los extractos de acetona y acetato
de etilo de las hojas ddorinda citrifolia contienen una mezcla de compuestos organicos y su extraccion depende de
disolvente empleado.

Caracterizacion Espectroscopica y Fitoquimica de extractos de las
hojas de la plantaMorinda citrifolia
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Introduction

Corrosion is one of the main problems affecting various industries, due to the use of metallic materials
and alloys exposed to different aggressive media such as: agig}, pasic CaCQ, NaOH, NaHCQ),

gases H4, H2S, CHO), salts (NaCl) and chemicals. To mitigate this phenomenon, different methods
have been developed, including protective coatings, cathodic and anodic protection, as well as corrosion
inhibitors. The latter are a key alternative, as they can act throufgnedif mechanisms such as
passivation, film formation and adsorption. However, the main problem with these inhibitors is that they
have a high content of heavy metals and are therefore polluting and hezarterefore, plants (leaf,

stem, root, fruit) with high phytochemical content have started to be studied, which makes them
promising candidates for the development of green corrosion inhibitors.

In southeastern Mexico, there is a great diversity of flora. In particuldvldhiadacitrifolia tree
, commonly known as Noni, belongs to Rabiaceadamily. This tree can reach a height of 5 m and its
leaves are over 30 cm long, elliptical, large and shiny. In addition, it contains various organic compounds
such as iridoids, terpenes, triterpenes, sterols, flavonoids, lignans, steroids, fattyeasidigstsugar,
vitamins and minerals. The authors Franco and Ulloa have reported the use of this thiamedical
area. In addition, the fruit is consumed in the form of juice, the leaves are used in the form of tea for
different ailments. Considering thiskorinda citrifolia has antioxidant properties, it is a good candidate
to be studied as a green corrosion inhibitor. For this reason, it is of interest to obtain and characterise the
organic compounds present in the extracts of its leaves, using solvents such as acetibiyt aoetate
in the extraction process.

Methodology

Preparation and obtaining the extracts

The leaves oMorinda citrifolia were collected at the main campus of the Universidad Auténoma del
Carmen (se€igure 1). They were then rinsed with tap water, distilled water and drained for 1 hour. The

leaves were then dried in a Hamilton Beach dehydrator at 60°C for 12 hr. At the end of this time, they
were crushed in a Y series mill and sieved with an ELE Internatdma60 sieve.

Figure 1

Morinda citrifolia tree located on the main campus of the Universidad Auténoma del Carmen
Source:Own elaboration

Morinda citrifolia leaf extract was obtained by the maceration process. Acetone and ethyl acetate
were used as solvent. Twefftye g of leaf powder was used in 250 mL of solvent and the solution was
left to stir for 72 hours. Subsequently, the extract was filtered and takke rotary evaporator at 60°C
and 40 RPM. The concentrate obtained was placed in a convection oven at 60°C for 72 hours and finally
the standard solution was prepared in 250 mL Ksgere 2).
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Figure 2
Obtaining and prepariniglorinda citrifolia leaf extract

Source:Own elaboration
Characterisation of plant leaf extracts

The following techniques were used to identify the compounds containedMotirala citrifolia leaf
extracts:

- Spectroscopic Techniques: The extracts were diluted in 10% water for subsequent measurement in
UV-Vis spectrophotometer (HACH brand, model DR500). Measurements were made in the range

of 200 to 800 nm. The samples were also measured in the FTIR spectrogteotTensor Il,
Bruker brand) at a resolution of@!, 32 scans in the range 4000 to 500 using a diamond
tipped ATR.

- Phytochemical tests: The methodologies proposed by the authors were used to identify flavonoids,
saponins and tannins present in the extract. The phytochemical tests used were: Shinoda reaction

and reaction with 10% NaOf#flavonoids), reaction with ferric chloride, reaction with grenetin and

lead acetate reaction (tannins) and the foam test (saponins). Figure 3 shows some images obtainec

from the phytochemical tests performed on the extracts.

Figure 3
Images of phytochemical tests

Source:Own elaboration

Results
In order to know the extraction percentage of the organic compounds contained in the leaves of the

Morinda citrifolia plant, the yield (% R) of the extract with acetone and ethyl acetate was calculated
using the following equation:

[1]

Where0i s the wei ghMoof ndaylceeakvreish ofgi)afand i s
|l eaves (g).

t h
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Tablseholws the yields obtained with the two e
hi ghest yield. This means that the acetone extr
the | eMowvesandaf Citrifolia citrifolia
Box 4
Table 1
Percentage yield values ®forinda citrifolia leaf extracts obtained with different solvents
Solvents Dry extract () % Performance
Acetone 3.60 14.4
Ethyl acetate 1.56 6.24

Source: own elaboratio

Figure 4 shows the UWIS spectra obtained from the extract with acetone and ethyl acetate in
the range from 200 to 800 nm. The spectrum corresponding to the extract with acetone presents two
maximum peaks, the first at 236 nm which corresponds to flavonoids, since in this absorbance range
the aromatic compounds are present and flavonoids beldhig tgroup of chemical compounds. The
peak at 420 nm and 674 nm is associated with anthocyanins, which belong to the group of flavonoids
and provide the pigment (chloroyll) to the leaves, flowers or fruits of plants. On the other hand, the
response of the extract with ethyl acetate does not show the formation of a maximum peak. As can be
seen, the solvent used in the extraction process has an effect on obtainingpbeerdsifrom the
plant leaves

Box 5
40 4.0 b
3.54 a 3.5
3.0 3.0
N 238 1
o 25 o 2.5
Q ] [*] 4
§ 5
8 2.04 = 2.0
= B
[=] 1 [=] 1
2 15 2 154
< <
1.0 1.0
1 420 1
0.5 674 0.5
] o |
DO T T T T T T T T 00 T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
A (nm) A (nm)
Figure 4

UV-Vis spectra obtained from (a) acetone and (b) ethyl acetate extidotiofla citrifolia leaves

Source:Own elaboration

To identify the presence of organic compounds (secondary metabolites) in the extracts, the FTIR
spectroscopy technique was usEmjure 4 shows the FTIR spectra obtained fravhorinda Citrifolia
leaf extracts with different solvents in the range of 4000 to°880In both cases, different adsorption
peaks are observed. An adsorption peak is observed at332D5™! and 1638°™!, which can be
associated with the-® and GH bond of the phenolic group. The stretching vibration of the C=0 bond
is also observed at 16¥8?. In addition, the stretching peak at 104219°™! associated with the-O
bond is described
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0.00 -
0.00-
0.05 -
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0.20 -
0.124 b
O-H CH c=0 -C-0 a
T T T T T T 025 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™) Wavenumbers (cm™)
Figure 4

FTIR spectra obtained from (a) acetone and (b) ethyl acetate extMotiofla citrifolia leaves

Table 2shows the results obtained from the phytochemical tests used for the two extracts. It

Source:Own elaboration

can be observed in both extracts the presence of tannins, saponins and flavonas.

Table 2

Results of phytochemical tests obtained with extracMarfnda citrifolia leaves with different solvents

Phytochemicals/solvents Colouring Acetone Ethyl acetate
Flavonoids Yellow precipitate - -
Tannins Light yellow + +
Saponins N/A + +
Flavones Light green + +
Tannins Catechol Dark green - -

Source: own elaboratior

Conclusions

Acetone is widely recognised as an effective solvent for extracting phytochemicalddrdmaterials,

and offers several advantages as well as certain disadvantages. Its ability to produce high concentrations
of bioactive compounds makes it a popular choice in phytochemical research. The acetonitrile extract is
a better candidate for uss a corrosion inhibitor, because a greater variety of phytochemicals were
identified compared to the other extracts. The absorbance of these extracts is higher because it contains
more compounds absorbing in the WAS spectrum (420 nm and 674 nm), althbulge phytochemical

tests showed the same results compared to the ethyl acetate inhibitorMts §péctrum showed more

peaks.
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Abstract

Fullerenes are symmetrical carbon nanostructures zero dimensional with hybrid&ibondpnd

carbon atoms (with four valence electrons) arranged in pentagonal and hexagonal rings that form a
hollow closedcage structure. Fullerenesdds not symmetrical, specifically has 12 pentagonal and 5
hexagonal rings that form a barfidle shape where the 5 hexagons form the body of the barrel, and the
12 pentagons are located in the bases of the barrel. Doped fullerenes were built by la@ngasom

(as a boron or a nitrogen atom, with three or five valence electrons, respectively) at different doping sites.
Doped fullerenes were optimized in presence of @hg density functional theory (DFT) through PBE
functional and 631G(d,p) basiset. The CQ adsorption energy on doped fullerenes were determined.

)

ORCA DET

OPTIMIZE STRUCTURES IN THE
PRESENCE OF CO2BY APPLYNG DFT /

DESIGN AND BUILD THE DIFFERENT
STRUCTURES OF THE FULLERENE

— — ——
Ead - E.\'.\'.\'lem (E adsorbent T E adsorbate ) +

BSSE(bam set superposition mol) FULLEREN 6‘30 - COZ

ANALYZE CO2 OPTIMIZED
STRUCTURES

Fullerene doped,Carbon nanostructure, Absorption energy
Resumen

Los fullerenos son nanoestructurascdebono simétricas de dimension cero con atomos de carbono de
enlace sp2 de hibridacion (con cuatro electrones de valencia) dispuestos en anillos pentagonales y
hexagonales que forman una estructura hueca de jaula cerrada. El fullgrence€ especificamente
simétrico tiene 12 anillos pentagonales y 5 hexagonales que forman una forma parecida a un barril donde
los 5 hexagonos son el cuerpo del barril y los 12 pentagonos estan situados en las bases del barril. Los
fullerenos dopados se mstruyeron colocando un heteroatomo (como un atomo de boro o de nitrdgeno,
con tres o cinco electrones de valencia, respectivamente) en diferentes sitios de dopaje. Los fullerenos
dopados se optimizaron en presencia de@iizando la teoria funcional de densidad (DFT) mediante

el funcional PBE y el conjunto de base385(d,p). Se determiné la energia de adsorcion dee@@s

fullerenos dopados.
T

ORCA DET

OPTIMIZAR LAS ESTRUCTURAS EN
PRESENCIADEL CO2 APLICANDOLA /

DISENAR Y CONSTRUIR LAS DIFERENTES
ESTRUCTURAS DEL FULLERENO

Ead = Esisrema_ (E adsorbente +E adsorbate ) +

BSSE (en‘or de superposicion del conjunto de bases ) FULLERENO CSO CON COZ

ANALIZAR LAS ESTRUCTURAS
OPTMIZADAS CON CO2

Fullereno dopado,Nanoestructura de carbonoEnergia de adsorcion
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Introduction

One of the materials that is of considerable interest at present is buckminsterfuller or better known as
full erene. C (fullerene) is a mainstay of re
most studied fullerene. These characteristics make it particularly suitable for exploration in the fields of
materials science and engineering.

In fullerenes there atebonds, formed by overlapping, where the electron density is concentrated
between the nuclei of the atoms, d&ndonds, resulting from the lateral overlapping of the orbitals, with
the electron density distributed above and below the plane of the nuclei linked at the front of the orbitals.
For this reason, fullerenes have a spherical shape called Bucky sphednek David, 2004 There is
a greater diversity of fullerene structures, but not all of them have a spherical structure csgievhash
is smaller in sizeTlomanek David, 204 (ver fig. 1)

Box 1

Figure 1

Model ling of the structure of C30 fullerene which
SourOawen: el at

Small er fullerenes currently have more i mpac
in the dewedbvVapmedt applications in key areas of
and are an area of interest for the study of ¢t}

On the odomarsohgtudgrerenes is a very importe
Previously, adsorption of toxic gases has been
et c.

Most of the work reported in the s cdiuenrcttiifoinc |
ThedDyT) . DFT is a theory widely wused to stud
surfaces by solving approxi mate versions of the
by Hohenberg and Kohn in 19&GdhomogéemgcsiscaEl Kketv

met hodol ogy is wused in a variety of fields and
groundeisng@tend of tlhre tmvis&a deswomkopotei@aongXo  X= B, N
full erenes at different doping sEabiesciwadi sg utdih e
set error correction (BSSE).

Met hodol ogy
Design and construction of the different mol ectl
The fullerene structures were designed by consi

and double bonds. Unl i ke a commocad $ utbmpened wl
pentagons and 5 hexagons.
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The design has beefny ulaldeer ebnye fsotrrnuicntgu rtehse, t he
at differe(ngeaofpiitgng Boiroems and &Bt acal et it wcecthaom an.
mol ecul e was also constructed and each of- then
31G(d, p) basis set.

Figure 2

Doping sites. Element X is: (a) surrounded by 2 hexagonal rings and a pentagonal ring (PHH), (b) surroundec
pentagonal rings (PPP) and (c) surrounded pgrtagonal rings and a hexagonal ring (PPH)
Source:Own elaboration

Optimisation of the structures in the presence of CO2 by applying DFT.

The calculations were performed using ORCA 4.Rlégse, F. 20292as a first step the optimisation of
the designed structures @b andc29X (X= B, N) was performed to determine the minimum energy of
the most stable geometries, then the minimum energy of the interaction of the fullerereswath
calculated, finally the adsorption energy was calculated. Fysh®ws the optimised structure and the
optimised structure with

CQu.

(b)
(a)

Figure 3
Optimised structure of boredioped Go fullerene (a)
Optimised structure of C&doped GyB (b)

Source:Own elaboration

The adsorption energies are calculated with the following equéitiomh n, A h mad), et

=% Fvovemo i m v spu- Rl v s gt 411 F -
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WherCe () isyshem energy of the system corres
interact izo@n®o f( Xt=lBg @®) WOth the GCbhe adsorbent
corresponds to the basalszosb@teXa8N®r dy ofs tthhee -
mi ni mum energy of 2the molecule of the CO

The term BSSE is the basis set superpositi
i nteractions. The calcul ation of the BSSE S
interaction there are variatibobimse s unpeéerhgo seinteirary
functions ofBewxsh& mBeeoaitWe ,(usledd7 0t he BSSE cal c
i mpl emented in the ORCA softwarse 2Ko( XaBcubNpt ani
which i s obt aigneedgubayt itone f ol | owi n

FE

F FF [ 2]

4 rr ™ P e Ferf FFEE Fe " FOFF  Fetf

Wh e Oe , 0 is the ener pytafi ntelde fCom the geomn
the sy&tQeml|l Cul at ed g0 t he Oblaiss st md &n e,r gobtodi nd
from the geometrical 0 po€C O,nd sslact u loant eadf omhget hey s
(0] 0 00U is the enexoghyt acfnedhd ré@ t he geometr
Sy s t@nQy0 0 OUiIis the enecgycafatbd £Oom the
the sywpeliComt@i ned fromC@heSibhasderofy, Cthe Dbasis
(BSSE) i s cCc@@O2t exaNCIQCr C

Finally, the band gap energy is <calcul ated
orbiH@M®nd the energy of the | owelsMO)unoccupi ed

Resul ts
Mi ni mum edeges¥gi(exs=Bo,f N) i@ eracting with
Tabls@ows the mini mum epneX gi sB,0of N)easthr wddost rhees i

di fferent doping sites. Observing that the min
structure

Table 1
Doping sites and mini mumsgen@r@gXx=Bf NMlach of the sys

DOPING SITES C20X-CO2 SYSTEM ENERGY (eV)
Cs0-CO2 -1329.6900¢
PHH CoB-COp -1316.562063
CooN-CO -1346.40765]
C30-CO2 -1329.69081¢
PPH C29B-CO, -1316.584387
CooN-COp -1346.42707¢
C30-CO2 -1329.68982]
PPP CoB-COp -1316.584387
CooN-CO, -1346.43264¢

Source: Own elaboratior

SystanQ C

The energgCO€D0 thgsCem was cal cul adtsehb wesf tidrs aptsi
energy at the doping sites from | owest (tPoP,H)i gh
t wo hexagonal ring¢Paiit omee pepa(tRaPaRpD@BBédEr vinggst h
adsorption energy becomes d@oemoel ercaud @&t ibveeclchmedse s

behaviour has an impact on the doping site
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Figure 4
System Go-CO,: Adsorption energya), Ratio of adsorption energy to distance (b)

Source:Own elaboration

Tabl e 2 presents giphe tahdes oBrSSIE osnu peenreprogsyi t(i o n
the LUMO energy dmd bti dad esp.doraghyd fE t he
Table 2

system vsaGQ abl es C

HOMO [LUMO

DOPING SITES ’C29X-C02(eV) Eas TOTAL (eV) ‘BSSE (eV) ‘

(eV) (eV)
PPH C30CO2 -0.003159 0.002494 -4.669 -4.236 0.433
PHH C30CO, -0.002664 0.002234 -4.673 -4.244 0.429
PPP C:0CO, -0.0025384 0.002121 -4686 -4.244 0.442

Source: Own elaboration

In the fullerene C , Carbon atoms have sp
molecular orbitals that are distributed throughout the strucéoeording to band theory, the electrons
in these orbitals move freely within bands formed by the overlap of these orbitals. The bonding molecular
orbitals contribute to the formation of the conduction band. In materials such as metals, the valence band
and conduction band can overlap, facilitating electrical conduction. In other materials, the separation
between these bands is marked by a band gap, which limits electrical conductivity.

Figure 5shows the optimised HOMO and LUMO boundary orbitals foxtheoz system, which
is related to Fukui's theory, plays a fundamental role in determining the chemical reactivity of a molecule
in interaction with other molecules. The energy difference between the HOMO and LUMO, known as
the HOMGLUMO gap, corresponds to tHewest excitation energy. In the boundary orbitals, two
regions with opposite signs are displayed in the wave function: a positive phase (shown in blue) and a
negative phase (shown in red). These phases correspond to the electron density dismilibgo
molecules, where the colours indicate the alternating signs of the wave function.
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Box 7
DOPED SITES OPTIMIZED SYSTEM HOMO LUMO
e P P
PHH
PPP
Figure 5

HOMO and LUMO boundary orbitals of the G8BID, system at different doping sites
Source:Own elaboration

System €B-COzand GoN-CO;

The system was calculatethB-CO; and C2oN-CO2 after optimisation. In figure 3.3, it shows the
adsorption energy @bosanctoy, reflecting a lower to higher adsorption energy with respect to the doping
sites; double pentagon ring and a hexagon (fRH), triple pentagon ringPPP), double hexagon ring
and a pentagonal ringPHH). The relationship between distance and adsorption energy efshe).
system. A carbon bond of @& qdopedfullerene structure is observed at the PPH doping site.

0.002 o 3.3
(a) (b) 3085 3175
3.0+ 3.0
-0.004 4 ‘ ®
254 425
0.006 -~ =6
= Yy
} s
P S
~ -0.008 : 1.61697 ” A =
5 o0 Z . o —ts o
3 z
& 0,010 ) P
1.04 K E 410
9%
-0.012 4
’ 0.5 "\A 405
0,014 -0.01342 -0.00486 -0.00306
0.0 - - 400
T T T . T T
PPH PPP PHH PPH PPP PHH
C,B-CO, DOPED SITES m E,, i DOPED SITES
T T DISTANCE|
35
3221
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w0008 () w0l @ L . S 3o
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2 o o ] 2
~ Z 154 % 15
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w P Ay
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-
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-0.010 T - 0.0 4 - L L] <00
PPP PPH PHH r T r
= C,N-CO, DOPED SITES " E, rep Pei PHH
e DISTANCE DOPED SITES
Figure 6

Systemcaoecoz Adsorption energya), Adsorption energy and distance rati.
Systemcaoncoz Adsorption energyc), Adsorption energy and distance rg(ii.
Source: Own elaboratior
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In the c2N-CO, system, the interaction @hdN andtozisshown, reflecting a lower to higher
adsorption energy with respect to the doping sites; triple pentagafiPRit), triple pentago ringPPP),
double hexagonal ring and a pentagonal (iPgH). (see figured). The relationship between distance
interaction and adsorption energy of the C N
compared to thezgeco2 System in figure 3.8see figured). Table3 presents the results obtained for the
C29B-CO2 and C29NCO2 systems: Adsorption Energy, HOMO, LUMO and EGap (energy gap
between HOMO and LUMO). These variables have been calculated for the optimised systems at their
different doping sites.

Table 3.3
System variables gB-CO. y CoN-CO;

DOPING SITES | C20X-CO» |Ead TOTAL (6V) |BSSE (eV) | HOMO (eV) LUMO (eV) | Egap (ev)
PHH Ca9B-CO» -0.00306084¢  0.002283154 -0.584 -0.083 0.501
CaN-COz -0.004128 0.002689 -0.594 -0.112 0.482
PPH C2B-CO2 -0.013416 0.007284 -1.374 -0.887 0.487
CaN-COz -0.004601] 0.003458 -0.626 -0.081 0.545
PPP C2B-CO2 -0.004862 0.003166 -0.593 -0.096 0.497
CaN-COz -0.009413 0.003001] -0.568 -0.109 0.459

Source:Own elaboration

Figure7 shows the optimised geometry of each of the systems, showing the distributions of the
HOMO and LUMO orbitals corresponding to each doped structure.

Box 10

DU"“’ OPTIMIZED SYSTEM HOMO LUMO

g4
£
$

o,

&
4
# o8

{

&

@
B &
G %

§

(2)

Figure 7
HOMO and LUMO boundary orbitals of the C29BD2 system adifferent doping sites (1)
HOMO and LUMO boundary orbitals of the C29BD2 system at different doping sites (2)

Sour@: Own elaboration

Conclusions

The results obtainedcs:famgb¥t QX=8Bdsodl) pi re:0hnRhc@Tg ¥
the doping site with some el ement has an i mpact
that depending on the family group to which t he
not always be in thkeen.sdmeser der fdoar all thfe tl e
orbital properties of the el ements, which affe
thus modcoBhyYysopngpthen capacity in the molecul ar
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Abstract

A microstructural analysis was conducted to investigate the formation mechanism of carbon
nanostructures produced through mechanical milling crystalline and amorphous graphite, followed by
thermal treatments at various temperatufesunidirectional ball mill operating at 1700 rpm was
employed for the synthesBifferent milling times (3, 6, and f2ours) and heat treatments were used at
200 °C, 300 °C, and 450 °®Results obtained by -Xay diffraction, Raman spectroscopy, and high
resolution transmissiorelectron microscopy revealed the formation of curved concentric nuclei
composed of carbon layers for milling times of 6 and 12 hours. The thermal treatment at 450°C promoted
the growth and definition of carbon naanions.

Analysis of the mechanism of formation and growth of carbon nanostructures
produced through the mechanical milling of graphite
Objectives Methodology Contribution
—L'ﬁ Alg:CuiFer

Crystalline graphite with quasicrystals
and amorphous graphite are subjected to

: e The quasicrystal acts as an accelerator in
© Mo Meese Gl different milling times and temperatures.

the creation of nanostructures.

Study the growth of carbon nanostructures
through thermal processing. : ‘ !
XRD, Raman, and HRTEM Applying TT between 200°C and 450°C
characterization. helps to better define the nanostructures.

Microstructural, nanostructures, synthesis
Resumen

Se realizé el analisis microestructural del mecanismo de formacién de nanoestructuras de carbono
obtenidas por molienda mecénica de grafito cristalino y amorfo, las cuales fueron crecidas por
tratamiento térmico diferentes temperaturas. Para la sintesis de nanoestructuras de carbono se empleé
un molino mecanico unidireccional que oscila a 1700 rpm. Las variables de experimentacién fueron los
diferentes tiempos de molienda (3, 6 y 12 h) y los tratamientos térank@® °C, 300 °C y 450 °C. Las
técnicas de caracterizacion de difraccion de rayos X, espectroscopia Raman y la microscopia electrénica
de transmision de alta resolucion indican la formacion de ndcleos concéntricos curveados de laminas de
carbono para tiengs de molienda de 6 y 12 h. Con el tratamiento térmico a 450 o C se aprecié un
crecimiento y definicién de naranions de carbono (nanocebollas).

Analisis del mecanismo de formacion y crecimiento de nanoestructuras de carbono
obtenidas por molienda mecanica de grafito

Objetivos Metodologia Contribucion
= Ef A154C1124F€12
@ & <55 Se someten grafito cristalino con El cuasicristal actia como un acelerador
B Lmeciiee Gt fome cuasicristales y grafito amorfo a distintos en la creacion de las nanoestructuras
Determinar €l crecimiento de tiempos de molienda y temperaturas.
nanoestructuras de carbono al aplicar ti ‘
tratamiento térmico. L \ ke
Caracterizacion con DRX. Raman y Aplicg‘ TTa200°Ca450 °C logra
HRTEM. definir mejor las nanoestructuras

Microestructural, nanoestructuras, sintesis
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Introduction

Since the discoveries @illerenes, carbon nanotubes, graphene and other allotropic forms of carbon, the
search for an increasingly simple and economically viable process has been a challenge for science today.
The synthesis of carbon nanostructures by mechanical methods hastekim recent years because

of its versatility and ease of designing mechanical mills at different spdegtsenergy ball milling

(spex milling) of graphite in an air atmosphere leads to forming-diependent carbon nanostructures
through mechanical deformatigRatiio et al. 2020 Mechanical crushing facilitates the synthesis of
carbon nanostructures and inducing high temperatures with controlled atmospheres engiblasegas
reactions that produce unique shapes such as carbon nanotubes and carbon n§8ebeddst al.

2011).

Heat treatment significantly influences the properties and performance of carbon nanostructures,
improving their properties. Several studies show that heat treatment can improve the structural uniformity
and overall performance of carbon nanomateri@ksrifeiro and Simdes, 2021; Villacorta et al. 2013;
Srikanth et al. 2016

Therefore, in this research the formation of carbon nanostructures from the mechanical milling of
crystalline and amorphous graphite is exposgdploying a unidirectional mill where, subsequently,
from this process, a heat treatment is applied.

Methodology

Hexagonal and amorphous graphite powders were subjected to mechanical deformation by high energy
mechanical millingThe mill comprises a oreay oscillating mechanical system connected to a Siemens
electric motor (1750 rpm at a speed of 5 mI$)e operation varies according to the time and ratio
between the balls and the sample's weights, as shown in table 1.

Table 1
Ratio of media weight to sample weight, varying the grinding time

Graph
Crystalline | Amorphous
Ratio 20:1 8:1] 16:1
Milling hours 3 3 3
6 6 6

12 12

Source:Own elaboration

Martinez GonzalezZ2018 employed a hexagonajraphite together with quasicrystalline
icosahedral AICu-Fe particles for their synthesis by milling at a weight ratio of 20:1 for the milling times
of 3, 6 and 12 hours. Whilalladares Gome@2018, an amorphous graphite with ratios of 8:1 for 3, 6
and 12 hours of milling; and another ratio of 16:1, for 3 and 6 hours of miTling.heat treatment
included placing the previously ground powders in hardened steel crug@ib&swere then placed in a
muffle-type electric furnace in an aatmosphere daemperatures, as shown in table 2, with an exposure
time of 56 hours, after which they were allowed to cool to room temperature.

Table 2
Heat treatment temperatures of the samples in an air atmosphere

Graph Temperatures (° C)
Crystalline 6 hof HT) | 200| 350| 450
Amorphous (5 h of TT| 250] 300 450

Source:Own elaboration
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To determine the main characteristics of the formation and growth of carbon nanostructures in
each process, the samples were charactensiad Xray diffraction (XRD), Raman spectroscopy, and
transmission electron microscopy (TEM).

Results

Figure 1a shows the-Kay diffraction patterns of the samples subjected to 0, 3 and 6 h of mechanical
milling of crystalline graphite (C) with the quasicrystalline phadé-Cu-Fe (both i+C phases) at a 20:1

ball to sample weight ratio. Pattern 1a) shdie mixing of the powders (0 hours) where the typical
guasicrystalline-phase with the hexagonal graphite (C) phase can be seen. A very intense peak located
around2f8 26.55A is observed, which correspoonals t o
graphite, a weaker peak is also observedcdf2 54. 6 8 A corresponding to
diffractograms corresponding to (b) and (c) with milling times8 6 hours, respectively, a decreiase
intensity and broadening of the main graphite peak (002) can be seen, thus indicating a significant
decrease in crystal sizEtom this result, it cabe deduced that the graphite is being crushed to smaller
and smaller crystal dimensions as a function of milling time. Figure 1b) shodusaghification of the

main peak (002) to observe a shift to the left as a function of milling time. This result shows a growth in
the interplanar distance of the graphite, so it is deduced that the material tends to have a distortion of the
structuralconforms to it. Thus, these results of decreasing crystal size and distortion of the graphitic
planes suggest the formation of new distorted carbon structures. On the other hand, the quasicrystal i
remains stable, indicating that it functions as a cuttieglium

a) i1 20:1 b) C
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Figure 1
XRD patterns of crystalline graphite C samples wigthase subjected to different mechanical milling times, a) with ¢
20: 1 ratio, b) enlargement of the 2d region from 2

Source:Own elaboration

Figure 2 shows the XRD patterns of amorphous graphite samples subjected to different grinding
times with a ball to sample weight ratio of 16:1 and 8:1. For both ball to sample weight ratios, the position
of2dd 24U of the main peak of the hexagonal grap
can be seeitit is important to mention that graphite has a tiny particle size and a distortion of its structure,
as explained abové&or the 3 and 6 hours milled samples with a 16:1 ratio, a thinning of the peaks can
be observed (002), thus inferring that the mechanical milling promotes the formation or growth of the
graphitic planes. However, for the 8:1 ratio, a widening optaks occurs, indicating a more significant
decrease in crystal size and a shift of the pealtsetaght, indicating a slight decrease in the interplanar
distance. From these results it can be deduced that mechanical grinding promotes the formation and
growth of distorted graphitic planes.
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Figure 2

XRD patterns of amorphous graphite samples subjected to different mechanical grinding times with a) 16:1 and
ball to sample weight ratio

Source:Own elaboration

The D and G bands are characteristic in graphite and carbon nanostructures for Raman
spectroscopy. The D band arises due to defects and disorder in sp2 carbon hybridization and-breathing
type vibrational modes of aromatic ring structures. It is locatéioeimange of 1250 cih to 1450 crl.

G originates from the stretching vibrations of th&Conds corresponding to the sp2 hybridization
typical of hexagonal graphite, located between 150l@nd 1600 cri. Figure 3 shows the Raman
spectra of the samplssabjected to mechanical milling, which correspond to a) crystalline graphite milled

at a ratio of 20:1, b) amorphous graphite milled at a ratio of 16:1 and c) amorphous graphite milled at a
ratio of 8:1. In the spectra a) it can be seen the growth insityeof the Dband as a function of the
milling time, associated with a distortion of the graphitic planes according to tthg diffraction results

(fig. 1). For the amorphous graphite milling shown in spectra b) and c), a weak growth in intengty of th
D-band can be appreciated, however, for the 16:1 milled samples its growth is higher concerning the 8:1.
In these results it can be deduced that the quasicrystals together with the balls acted as crushers of the
crystalline graphite promoting distortiafithe D band, while for the grinding of the amorphous graphite
changes are slightly not so noticeable with this technique

T T T T T T T T T T T T T T T
a D b D ¢ c b G
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Figure 3
Raman spectra of graphites at different mechanical milling times: a) crystalline + quasicrystalline graphite witl
ratio, b) amorphous graphite with a 16:1 ratio, and c) amorphous graphite with an 8:1 ratio

Source:Own elaboration

Different thermal treatments were carried out to analyse the growth of these nanostructures, using
the sample ground for 3 hours of crystalline graphite (20:1 ratio) and amorphous graphite (8:1 ratio).
Figure 4 shows the results of each of the spectra and shows an increase in the intensities and a broadenin
of the D and G bands in the first treated samples. However, when reaching the annealing temperatures
of 450 °C, the intensities of the Raman prafilend to decrease for crystalline graphite since an annealing
time of 6 hours has been used while that of amorphous graphite was used for 5 hours.
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In both spectra, the growth of theldand can be significantly noticed, indicating the growth and
definition of the carbon nanostructures promoted by the mechanical milling.

Box 6
T i) T G T T T T T T T
D
a b €
S 5
< < W
% TT,=350°C %
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) momE W
\ TT, =3h
e |
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Raman Shift (cm™) Raman Shift (cm™)
Figure 4

Raman spectra of graphite samples at 3 hours of mechanical milling subjected to different heat treatment tempe
crystalline graphite +phase with a 20:1 ratio, b) amorphous graphite with an 8:1 ratio
Source:Own elaboration

Table 1 shows the calculated crystal size measurements using the Debye Scherrer formula and
the experimental parameters of the XRD profiles. A drastic decrease in the crystal size of the mechanical
milling of crystalline graphite can be noticed, thus infey once again that the milling with the
guasicrystalline -phase has the function of a milling medium. Also, in this table, it is possible to
appreciate the effect of the thermal treatment for the milled samples of amorphous and heat treated
graphite, where it is possible to find that the thermal treatment temperature of 300 °C has the highest

growth percentages and that the samples milled for six h (8:1) and three h (16.1) heat treated at 300 °C
achieve 29 and 24 % growth respectively

Box 7

Table 3
Crystal size according to thligebyeScherrer formula

Crystalline graphite Amorphous graphite
Samples | Crystal sizes| Samples| Crystal sizes | Crystal sizes| % growth | Crystal sizes| % growth
(nm) a MM (nm) a MM (nm) aHT (nm) aHT
300°C 400°C
Oh 40.84 Oh 0.892 NA NA NA NA
3h, 20:1 11.84| 3h,8:1 1.039 1.21187 16 1.21648 17
6h, 20:1 11.03] 6h,8:1 0.9806 1.26601 29 1.14433 16
NA NA| 12h,8:1 1.0531 1.2111 15 1.17832 11
NA NA| 3h,16:1 0.9838 1.22927 24 1.13429 15
NA NA| 6 h,16:1 1.275 1.20558 3 1.20924 3

Source:Own elaboratian

High-resolution transmission electron microscopy has been used to analyse the dimensions and
shapes of these nanostructures (figure 5). In these images, it is possible to observe the initial formation
of curved nanostructures with a certain degree of istgp shown in figure 5a), which corresponds to
the amorphous graphite sample with an 8:1 ratio and 12 hours of milling. Figure 5b) shows the sample
heattreated at 450 °C, where the formation of wadfined nandblades with sizes around 20 nm can be
obsrved. In the same way, the crystalline graphite samples withpghase milled for 3 hours are
presented, where distorted and curved graphitic planes are formed. However, with the heat treatment at
200 °C, the growth of elongated nanostructures in tive @ rollers is observed



Figure 5

HRTEM of: (a) 12 hours grinding at an 8:1 ratio, (b) 12 hours grinding at an 8:1 ratio and heat treatment at 450 ©
hours grinding at a 20:1 ratio, and (d) 3 hours grinding at a 20:1 ratio and heat treatment at 200 °C
Source:Own elaboration

Conclusions

Carbon nanostructures have been formed using a mechanical mill that oscillates in one direction,
achieving the formation of carbon nanostructures from crystalline and amorphous graphite.

Mechanical milling under these conditions for crystalline graphite tends to reduce its particle size
to nanometricorders, and mechanical milling of amorphous graphite promotes the formation of small
curved shapes, givingse to nanoballs smaller than 10 nm.

The grinding time and the ball weight ratio to sample weight are determining factors in forming
carbon nanostructureshis is because, as the duration of the process increases, more nanostructures are
generated and tend to adopt a single morphology.

The quasicrystal remained stable and acted as a further milling medium, accelerating crystalline
graphite's crystal size reduction process.

The heat treatments could define the nanostructures better, and the optimum temperatures ranged
around 300 °C under an air atmosphere.
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Abstract

Micro-Raman spectroscopy is an innovative technique for the characterization of hydrocarbon source
rocks, specifically in the analysis of core samples in thin sections. This methodology employs an infrared
laser that interacts with the molecules of mireeald organic matter, allowing for simultaneous optical
imaging with the petrographic microscope and Raman spectruthis work, preliminary results of

Raman spectra recorded along a line drawn on a thin sheet of a channel sample are presented, using .
QE650060c ean Optics spectrometer with a spectral
excitation source. To prepare the thin section, the sample is immersed in epoxy resin, cured, and polished
in a specialized laboratory until a thickness of 30 ig reached, where the Raman spectra of the G, D
bands, and a carbon double bond, which is related to the organic matter and the resin of the thin section,
were analyzed.

Identify areas with Microscope assembly Raman image
hydrocarbon for spectral acquisition construction.
impregnation. in a traverse line.

Raman SpectroscopyPetrographic microscope, Thin section
Resumen

La espectroscopia mici®aman es una técnica innovadora para la caracterizacion de rocas generadoras
de hidrocarburos, especificamente en el analisis de muestras de canal en ldminas delgadas. Est:
metodologiampleaun laser infrarrojaue interaaiacon las moléculas de minerales y materia organica,
permitiendoobtener imagen Optica con el microscopio petrografico y espectro Raman de manera
simultdneaEn este trabajo se presentan resultados preliminares de espectros Raman registrados a lo
largo de una linea trazada sobre una lamina delgada de una muestra de canal, utilizando un espectrometr
QE650060c ean Optics con una r eun tAseude 785 nm omopfeeatd de a |
excitacion. Para preparar lantina delgada, la muestes inmersa emesinaepoxica, fraguada vy
desbastada en un laboratorio especializado hasta alcanzar un espesor derB@qmde se analizaron

los espectros Raman de las bandas G, D y un doble é&d&tel cual esta relaciona con la materia
organica y la resina de la lamina delgada.

Identificar zonas con Ensamble de Construccién de imagen
impregnacion de microscopio para toma Raman.
hidrocarburos de espectros enun
recorrido lineal.

Espectroscopia Raman, Microscopio Petrografico, Lamina delgada
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Introduction

The characterisation of hydrocarbbearing rocks requires advanced techniques to study their
composition andstructure at micrometric scales. In this context, the use of thin films in petrographic
microscopy is a traditional technique used in the oil industry to identify the type of lithology and to
analyse the chronostratigraphic age through microfossils. Rapectroscopy instead provides an
alternative to obtain detailed information on the mineral components and organic matter present in these
rocks. Channel samples, especially prepared in thin films, allow the textures and mineralogical phases of
the rocks tdoe observed under a petrographic microscope, which is crucial for identifying petrographic
features that influence their hydrocarbon generation and retention capaaty, (M., & Steele, A.,

2010.

Raman spectroscopy complements ttlisracterisation by providing accurate chemical and
structural analysis at the micrometre level. Using a laser that interacts with the molecules of the materials
present, this technique detects specific vibrations that reveal the composition and imggmishtion
of minerals and organic matter (Ferrari & Robertson, 2000). Raman spectroscopy is a useful tool for the
identification of minerals and the study of carbonaceous material, which is difficult to characterise with
optical microscopy and electroredm techniques. For example, it allows differentiation between
carbonaceous matter present in primary fluid inclusions, which formed when a rock first cooled from its
parent material, and other carbonaceous matter located-phlase alteration veins it the same rock

(Figure 1).
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Figure 1
Simplified diagram showing the general positions of prominent Raman peaks for a variety of commfomnaak

minerals and compounds

Source [Fries, M., & Steele, A., 20]C

In this study, botimicroscopic techniques are combined to analyse channel samples prepared in
thin films, assessing both their petrographic characteristics using a petrographic microscope and their
molecular composition using a laser Raman microscopy system design. Tigiatedeapproach
facilitates the analysis of hydrocarbon source rocks, providing essential information for understanding
their reservoir potential and key geological properties (Marshall et al., 2007). The results obtained will
contribute to a better undéasding of the composition and structure of these complex geological
systems, enhancing their analysis and evaluation in the context of hydrocarbon exploration and

production.
Thin films

Thin sections or thin sections are rock samples used in petrography to study the optical properties of
minerals. They are made in such a way that they are polished on both sides to allow light to pass through
to observe the optical characteristics of theerals. The film is fixed to a glass slide. Accordingtes,

M., & Steele, A., 2010surface irregularities on thin sections and contamination, such as polymer
mounting particles, can interfere with Raman analyses.
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Surface imperfections, caused by minerals such as pyroxenes or clays, can scatter the laser
excitation beam, and the materials used to create the slices can be confused with materials in the rock or
sediment. To avoid this, it is recommended to examine the thin section in reflected light prior to analysis.
In addition, the mounting polymer, espaly in brittle materials, can be trapped in the cracks, which can
make it difficult to interpret the spectra, although it can be differentiated by its spectral signature in the
C-H stretching region.

Raman spectroscopy

Raman spectroscopy is a ndestructive analytical technique that provides information about the
molecular structure and internal vibrations of the bonds of a material, whether liquid, solid or gas, by
inelastic light scatteringgmith & Dent, 200 When monochromatic radiation of minimum frequency
passes through a transparent medium, most of it is transmitted, a fraction is absorbed and a small amount

is scattered (lessthan-10 of the intensity of the etmantdns ng s
the same frequency as the incident radiation (known as elastic or Rayleigh scattering), while a very small
amount (on the order of 100 10 of the Rayleigh intensity) 1is ¢

or lower than the incident radiatiohhis inelastic scattering is called Raman scatteciagyfari, 2012
Optical imaging with microscopy and Raman spectra

Mineralogy and petrography techniques have traditionally relied orski@at optical microscopy to
identify minerals and study their arrangement, which allows interpretation of the formation and alteration
of these minerals and the source rock. This higlpsderstand the evolution of geological formations

and their relationship to larger units, even inferring events such as the movement of continents. Raman
spectroscopy is a useful tool in these analyses, especially for identifying minerals and studying
carbonaceous matter, which is difficult to characterise with optical microscopy and electron beam
techniques with SEM or EDX(ies, M., & Steele, A., 2030

Methodology

The methodology is presented in two parts, the first part covers the creation of the thin film at the Centro
Regional de Estudios de Laboratorio Cd del Carmen of Pemex Exploracion y Produccion KM 4+500.
And the second part is the analysis by Raman speojgscoupled to a Best Scope B870TTR
petrographic microscope adapting the Raman probe to measure the thin film of the channel sample.

Thin film of source rock

The channel sample or drill cuttings are subjected to a cleaning process in the laboratory, as they may
contain water, drilling mud and/or plugs. A sample is selected at a stratigraphic level from an exploration
well. For channel samples, the followingpseare performed (Figure 2):

1. A representative sample bfydrocarborbearing rock is selected, washed until any drilling mud
and pluggers it may contain are removed, oven dried at a temperature of less than 80°C.

2. ltis then sieved with a 40 and 10 mesh to obtain a homogeneous granulometry.

3. It is agglutinated in an epoxy resin to facilitate its handling. The mixing ratio of the resin and
catalyst must comply with the standards to guarantee the preservation of the characteristics of the
sample (3:1 ratio), it is left to set until the followidgy.

4. Once the resin has set, the sample is cut into a rectangular shape with a diamond saw to obtain a
preliminary sheet, ensuring that the surface is flat and suitable for polishing.

5. The roughened sample is adhered to a glass slide using an adhesive that reacts with UV light. This
ensures that it is firmly adhere8dlis Correa, 20293

6. To reduce the thickness of the sample and approach the final thickness (30 pum), different grains of
silicon carbide paper, usually 120, 220 and 400, are used, wetting the surface to avoid excessive
heat and maintain the integrity of the samglagique et al., 20)8
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7.  For final polishing, a 600 grit aluminium oxide or silicon carbide powder is used to obtain a
thickness of 30um, ensuring optimal light transmission through the thin film during petrographic
observation.

8. Finally, the thickness of the foil is checked with the BestScope3B30TTR petrographic
microscope to ensure that it meets the 30 um standard required for petrographic ababysise(
et al., 2018

Box 2

Thin section
30 pm thick

Sample
roughing with
SiC-Paper

e~

drill cuttings.

washing

<80°C

Mounting

- —
- Oven drying
L

Sieve size
on microscope |

S’ slides
L —4 ‘
No. 10 H 1 Epoxy resin

bonding

Figure 2

Methodology for the creation of a 30utmick, thinfilm: Washing and drying of the sample. Sieved and impregnate
epoxy resin. Cut and mounted on slides. Deburring with SiC (Silicon Carbide) paper 120, 220 and 400 grit; final |
with 600 grit Silicon Carbide powder

Source [Own elaboratior]

Design of the laser Raman microscopy system

The Raman equipment was mounted on the BestScope BS petrographic microscope of the UNACAR
Optics Laboratory, as shown in Figure 3. The optical systamists of a 785 nm infrared laser module,
connected to a bifurcated optical fibre, coupled to the laser and the spectrograph.

A path was delimited on the Y axis of the sample surface and the Raman spectrum was measured
every 1 mm, obtaining a total of 43 spectra, the purpose of adapting the HD camera is to observe that the
laser does not hit the epoxy resin. The signal is capiuith the Ocean Optics QE 65000 spectrometer.

The data is captured with SpectraSuite software for Windows operating systems, then the data is saved
in .txt format for graphing in Matlab.

The processing was done by trimming the spectral band selection from 400 t&20fa0 all
the spectra obtained. A surface plot was made in Matlab to evaluate the maximum peaks using a colour

scale.



QE65000
SPECTROGRAPH
OCEAN OPTICS

785NM INFRARED

LASER MODULE HD CAMERA

Figure 3

Adaptation of the QE65000 spectrograph to the Best Scof#BST TR petrographic microscope, using a 785 nm infri

laser module with 20x objective as excitation source, and an HD camera with 4x objectviéytthe laser path
Source: Pwn elaboratioih

Results
Raman spectra of a thiiilm scan of the sample

The optical Raman microscopy system was developed for the simultaneous acquisition of images with
the petrographic microscope and the Ramanioe, which allows the reading of the data where there is

no presence of epoxy resin. The data presented are from a single run of the sample, since, having a
heterogeneous sample, the data are shown with high fluorescence. It is known that when dmalysing
concentration materials (below 1%) and materials that fluoresce or samples with fluorescent impurities,
they raise the fluorescence background and interfere considerably with the Ramard sigmeali (20 1P

This phenomenon commonly occursoiganic materials and certain compounds.

The Raman bands identified were as follows:
Quartz: ~450452¢™1(Rutt, H. N., & Nicola, J. H., 1974)Ostroumov et al., 2002
Carbonate14131437cml (Band C) Hernando Alonso et al., 1987

Carbon: ~1350(Band D) and ~1680! (Band G) {yers, G. A., Kehoe, K. K., & Hackley, P., 2017
(Lambrecht et al. 2031

Silicon: 520.4™ (S-band) Myers, G. A., Kehoe, K. K., & Hackley, P., 2017

Carboncarbon double bond$®°™ 1500¢™! (La RosaToro Goémez, A., & D'Arrigo, D. V., 2092
(Fries, M., & Steele, A., 2030

It is important to mention that carbon is a relevant material in the area of materials and energy
engineering, for example graphene is also characterised by its D and G bands, since due 4o its two
dimensional structure and its high thermal and electricatiactivity, they are key in technological
innovation (Madrigal Rodriguez, 2024), (Vargas Henao, 2024).
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Surface map of Raman spectra

A graph is presented in figure 5, as a start for the creation of a Rarage for a channel sample. For a
gualitative analysis it is important to identify the bands of higher intensity (warm colours) with a colour
map that allows to delimit the regions with presence of organic matter, or with presence of carbon double
bonds.

0
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Figure 5

Surface map of 43 spectra on @xis path of a thin sheet of channel sample. The warmer colours are seen fi
intensities and cooler colours for low intensities

Source: Pwn elaboratioih
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Conclusion

In conclusion, the simultaneous use of petrographic microscopy and Raman spectroscopy allowed us to
obtain detailed spectra of the channel sample. The spectra obtained from the tbhafilml sample

show the presence of minerals such as quartz, carbon and silicon, among others that are yet to be
identified; in addition to other bands such as those associated with polymers with the carbon double bond.
The bands D 1360 cth and G 1600 cAl of carbon structures were identified, as well as the band
associated with carbonate 1450-&nThe analysis revealed a high fluorescence in the spectra, due to the
heterogeneity of the sample and the presence of organic matter associated with roéghaaiayh

content.
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Abstract

Populationgrowth andthe demandor habitablespacesaveturnedconstructioninto a critical challenge for environmental
sustainability. This industry, characterized by its high dependence on raw materials, not only depletes natural resources but
also leads to ecosystem degradation and pollutant emissions. Therefore, it is essential to reseaatdriats that not only

comply with industry regulations but also reduce environmental impact and promote more sustainable practices. Currently,
ecoblocks are emerging as a viable alternative with significant environmental benefits. This work estathieshe
methodology for manufacturing an ecological block using natural fitmrsideredas wastes aggregate ardktermines its
mechanicabroperties. Additionally, thecompressivestrength obtained is compared with other materials available on the
market and those reported in the literature to assess its potential.
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Introduction

The environmental impact of the construction industry is alarming, as it originates mainly from the
massive extraction of natural materials, greenhouse gas emissions, excessive primary energy
consumption and the production of unmanaged wasteiien et al., 201P This sector is a major

source of greenhouse gas emissions, mainly due to the industrial processes required for the production
of cement and other building materials. These processes, which include extraction, transportation and
manufacturing, generate a significant amount of emissions, and, perhaps most critically, waste generation
(L6pez Ruiz et al., 2090

Cement is used to make concrete and mortar, and is the second most consumed compound on the
planet Gcrivener et al., 20)8Concrete is used to build homes, schools, hospitals, workplaces and
infrastructure for human development. The raw materials used in the manufacture of cement are obtained
mainly through quarrying for the extraction of hard rocks such as limestonearstbtertain shales. In
some cases, the deposits are exploited by underground methi@dsational Energy Agency, 2018;
Scrivener etl., 2018.

The process of making cement is well established and has hardly changed since it was first
developed almost 200 years agitat, 2023. The process is shown in Figure 1 and consists of three
stages: the first is extraction of raw materials and their preparation, the second stage can be defined as
hot cycle or Clinker production and finally cold cycle, where Clinker is mixed with otrapanents
such as gypsum for cement productibiaut, 2023. Clinker is normally a mixture of limestone (calcium
carbonatepnd siliceous materials (clays) which are heated in a kiln to temperatures of around 1450 °C,
this phase releases direst emissions. Between 30% and 40% of emissions are produced by burning
fuels and 6070% come from chemical reactiorfsafomi et al., 2019

Box
STAGE 1 EXTRACTION STAGE 2 HOT CYCLE STAGE 3 COLD CYCLE
OF RAW MATERIALS | |
Quanry of limestone, I—\
clay and other i
material s Clinker Cement
i o= : C )/ %T‘é
P ¥um e S L -
A = | 0
‘ ' Kiln Cooler  Storage Grinder Storage silos
{CHEMICAL REACTION IN KILN Temperature 1450 °C g 4 4 a 4 ,g*_
{RAW MATERIAL %
- ('; 6; ‘p CaC0; —~ca+ CO,
;Limeatoues and clays D D |:|
Figure 1

Cement production process and chemical reaction
Source:Own elaboration

The cement sector is the third largest energy consumer in the industry, more than 90% of the
energy required for cement manufacturing is obtained from fossil fuels, while the remaining 10% is
obtained from electricityAghimien et al., 2010 The industry’'s energy consumption is accounting for
7% of global energy consumption, equivalent to 10.7 exajoules {¥£J¥% The concern for energy
alternatives and more efficient production processes stems from the fact that 30% to 40% of total
emissions come from fuebmbustion Ifpternational Energy Agency, 201L8'he most commonly used
fuels in the cement industry were coal, coke or heavy Idilglér et al., 2003

Global population growth and urbanisation patterns, together with increasing demand for
infrastructure, will drive an increase in demand for cement and concrete. Currently, the production of
one tonne of cement generates between 0.65 and 0.95 tospgslepending on the efficiency of the
process Niuller et al., 2008 By 2050, global cement production is estimated to increase {23%?
from the current levelliiternational Energy Agency, 2018
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The global cement industry faces the challenge of ensuring its commercial viability while
reducing its carbon intensity. This requiteensformations in production processes, optimising fuel use
and developing new materials that minimise environmental impact.

Actions taken in the building industry can have an immediate impact on global climate change,
as well as on energy consumption and economic and social consequéeraes(@l., 2024; Oberle et
al., 2019. While these strategies can help the building sector move towards sustainability by promoting
innovative solutions that integrate environmental awareness, such as smart concrete, it is critical to
recognise that emissions are linked to the productiooegso(ian et al., 2024 Advances in materials
can & integrated with innovative production methods and technologies as well as old construction
methods that often offer environmental benefits.

The incorporation of sustainable building materials in projects worldwide aims not only to combat
climate change, but also to promote awareness in construction. It can also generate significant economic
savings by improving the methodology and applicatibtife cycle costing (LCC), particularly in the
construction, maintenance and operation sectioiset al., 202.

Until the mid19th century, buildings were mainly constructed with natural materials such as
wood, adobe, earth and local fibres. Subsoil construction is one of the oldest techniques, being the basis
of early dwellings and cities, which used raw earth reate simple shelters from easily accessible
materials Touré et al., 201)7 Even today, in many parts of the world, earthen buildings can still be
found, often combining this material with other materials to imptbed resistanceJésudass et al.,
202Q Pachecerorgal & Jalali, 2012 Natural fibres, in particular, offer great potential in the field of
civil construction, as they can contribute to more sustainable architecture in theBatas2ipramanian
et al., 202 This would not only allow for a greater diversity of building materials, but also encourage
design innovation and the improvement of conventional matefatsténs et al., 20)7Fibres act as
mechanical reinforcement, especially in terms of tensile and flexural strength in coderetel@ et al.,
2023.

Methodology
In Figure 2, the three stages that make up the research methodology applied in this study are illustrated

in detail. Each stage reflects a key step in the fabrication, characterisation, analysis and interpretation of
data, ensuring that the results obtdiaee relevant and reliable for the context of the study.

Box 2
STAGE 1 SELECTION OF MATERIALS STAGE 2 SAMPLE FABRICAT
e =
@ ) / < % ‘ 2
\—-=\
SoIL ( ""ﬁn’xtu g MOLDING L PRESENCEE- DRYING

STAGE 3 MECHANIC AL TEST

< S = =

MEASUREMENT WEIGHING OBTENTION OF DAT, ANALYSIS OF SAMPL

Figure 2
Methodology applied

Source:Own elaboratiol
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Stage 1 Selection of materials
Choice of soll

Sahcab or saskab was used as a base material, which is considered an abundant limestone soil in the
Yucatan peninsula, and is one of the most widely used mater@sstruction. This soil can be in the

form of gravel or silty sand, it is of sedimentary origin and its chemical composition consists mainly of
calcium carbonate?(onzo et al., 2006 The material was sieved on a #14 stainless steel mesh with an
aperture of 1.40mm (0.0555").

Choice of aggregate

Parmentiera aculeata, also known as cuajilote or tree cucumber, was used as an aggregate for the
ecological block. This species is widely distributed in southern Mexico and is found in Chiapas, Tabasco
and Campeche. The 06cuajanb00 frugsan atsingiegedtdnmuth, 202% d u c e
The cuajilote produces fibrous fruits with a high content of lignocellulosic compounds, based on the

6Study of the <cellular architecture and micronm
mcroscopy techniquesod, where the micromechanice
that the orientation of the fibrils can help to improve mechanical properties for future applications
(Vicenteetal.,2021. Previously dried and separated into

Stage 2. Sample fabrication

The design of the block was stipulated under the standa@iMiN-2-01-001/02, which defines the
standardised parameters for working the sample. Jthisdard contains the quality requirements for
bricks and ceramic blocks that are used in ceramic bricks and blocks used in masonry structural elements.
Table 1 presents the specifications applicable in this research.

Table1
Applicableblock specifications under-8MT-2-01-001/02 Standard NCMT-2-01-001/02 Standard NCMT-2-01-001/02
Standard NCMT-2-01-001/02

Manufacturing by hand
;Em Subtypes Massifs: Usually do not develop ceramic bo
= and are only massive..
o Quality grades E
c Length 28-18
£ £ Width 13.5-18.5
sl Perch height 6-85
Structural  requirements | Suitable for simple or reinforced n@upporting
[1]. masonry with low axial compressive loads.
Climatological Suitable only for mild climates with low rainfz
requirements
o Functional requirements [ Not acceptable for externally visible wa
=) without cladding.
9 Simple compressive
= strength; MPa, minimum_ |2
= 3 Adhesion; MPa, minimum
o8 0.15
E‘_‘E Water  absorption %, 24
a o maximum

For the execution of the mixture it will be manually weighed, with a proportion in percentage of
2.5% of fibre, with 30% of water, placed in a steel mould of 8x14x22 cm and subjected to pressure by
means of dydraulic press. It was demoulded and dried in the ambient conditions of the laboratory.
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Stage 3. Mechanical test

This test was stipulated under the NMX404-ONNCCE2012 standard and was complemented with
the Mexican standard NMXC-036-:ONNCCE which establishes the test method for the determination of
compressive strength, which is based on the ASTMIG75 standard.

Sample analysis

The sample or specimen is tested in a universal testing machine (Figure 3), which must have sufficient
capacity tooperate at the specified loading rate without impact or loss of load. One of the blocks of the
machine should have a hemispherical seat resting on the top of the specimen, while the other block should
be rigid and provide a stable base for the specimenes#isential to incorporate clamping or compression
fittings that are rigid and correctly aligned. The centre of the sphere must coincide with the centre of the
bearing surface with an appropriate tolerance to the radius of the sphere. The comprdssies Gur

the specimens must be flat, complying with a tolerance of 0,05 mm over a length of 150 mm taken in
two orthogonal directions.

T T
\—%]—‘ Distribution
late
Loading plate with o P \
spherical seat -
Distribution plate
— t
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Machine
ading plate

Sample
—

Projectior

the sample

Pitching material

o
»
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o
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LONGITUDINAL SECTION

Figure 3
Compression test preparation Source: Own elaboration

Calculations

VS [1]
Where:

R Is the compressive strength in MP&/fm?)

F is the maximum load in N (Kgf)

Als the crossectional area of the specim@n)
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Results

XRD soil characterisation

Figure 4 presents the characterisation of the soil carried out by means dRay Diffraction (XRD)
equipment using a copperidy source (CGKK U) ,  venetgy of &04 keV and an-day wavelength

of 1.5406 A. This technique allows detailed information to be obtained on the crystalline structure,
composition and various physical properties of the analysed soil. In this case, the data obtained in the
analyss show a 99% agreement with the CaCO3 reference stamtiérd confirms that the sample is
mainly calcium carbonate. This result indicates thattfeandcos” ions are in a 1:1 ratio, linked by an

ionic interaction. From the database, it indicates itsecrystalline structure is hexagonal, whose plane
with the highest intensity corresponds to the 10
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Figure 4
Characterisation by XRD

Source:Own elaboratio

Sample

Prior to the mechanical compression test, the samples with 2.5%bcarcbntent (figure 5) were analysed

after 28 days, obtaining data such as: length, width, height and dry weight (table 2). The Mexican standard
NMX-C-038 ONNCCE was used to obtain specific data for the block.

Figure 5
Sample with 2.5%ibre

Source:Ownelaboration
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In table 2 we present the data of the analysed blocks, categorised as BASE, block or blank whose
fibre percentage is equal to zero, while F1B1 2.5% refers to the block whose base is the sahcab and B1
the curd fibre, wit2.5% we refer to the percentage of aggregate. The pieces called F1B1 2.5% A, B, C,
D are the sectioned pieces of a block.

Table 2

Data obtained from samples under the NH@>038-ONNCCE standard

DATES BASE F1B125% F1B125%A F1B125%B F1B125%C F1B12.5%D
Length: 21.4cm 21.3cm 5.87cm 8.75cm 5.71cm 5.5cm
Width: 7.5cm 7.4cm 5.5cm 4.16cm 4.27cm 4.32cm
Height: 13.62 13.62 4.09 5.32 4.71cm 4.82cm
Weight: 3.950kg 3.4kg .205kg .295kg .175kg .180kg

Mechanicalcompression test

The samples are subjected to compression analysis in a universal machine, where the strength of the
blocks is evaluated when they are compressed under a load. Because of the dimensions, the BASE anc
F1B1 2.5% samples are subjected to the preparation shdigare 3, while the F1B1 2.5% A, B, C and

D samples are tested directly from the spherical bearing plate. It is important to note that specimens A
and B will be tested under the force of one direction of compression, while specimens C and D under
anothe direction.

Box 8

BASE

i
1

A
‘.7

”:

Figure 4

Mechanical compression test
Source:Own elaboration

In table 3, we obtain the capacity of the blocks to withstand the compressive forces, the gross area
was obtained from the data obtainedable 2, and the maximum load is the data obtained from the
universal machine, which gives us a detailed report. With equation 1, we obtain the data on the
compressive strength of the samples.
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Table 3

Data obtained from theechanical test
Sample Long (mm) | Width (mm) | Gross area(cm?)| Carga Max. (Kg) | Kgf/cm?
BASE 214 75 160.5 3070.91 19.1
F1B12.5% 213 74 157.6 2183.35 13.9
F1B12.5%A 58.7 55 32.3 360 111
F1B12.5%B 87.5 41.6 36.4 426.57 11.7
F1B12.5%C 57.1 42.7 24.38 396 16.2
F1B12.5%D 55 43.2 23.76 445395 18.74

It is important to understand that each specimen was loaded to failure and showed unique
behaviour during the test (figure 6). For example, sample BASE shows msidedincrackslistributed
throughout the block; as it does not contain fibre as an aggregate, the piece tends to fragment. In contrast,
sample F1B1 with 2.5% fibre presents cracks in several parts of the block, but thanks to the addition of
fibre, the block maintainsstcohesion, avoiding a total detachment of the parts. In samples A, B, C and
D, the cracks are larger; however, the fibre present in the mix prevents the sections from detaching, which
reinforces the integrity of the material even after the appearancacifc

Box 10

BASE

F1B1 2.5%

Figure 6
Samples after the failure

Source:Own elaboration

Conclusions

In conclusion, the results of this investigation and the data obtained from the compression tests reveal
that the samples evaluated do not reach the minimum simple compressive strength parameter stipulated
at 2 MPa (equivalent to 20.3@/cn?). The samples with a fibre content of 2.5% have a compressive
strength range of 11.1 to 18.%g/cn¥, lower than the minimum required. In comparison, the base
sample, without fibre content, achieves a slightly higher compressive strength okg/@oi

The compression test also reveals that the addition of fibre in the samples improves the cohesion
of the material and its resistance to splitting, even after the appearance of cracks. This suggests that the
use of fibre not only contributes to controllittge size and distribution of cracks, but also strengthens

the material's ability to withstand loads and resist crumbling, holding together structurally in the face of
failure.

The weight difference between the BASE specimen and the F1B1 specimen with 2.5% fibre is
approximately 13.92%. This indicates that the incorporation of fibre at this rate contributes to a small
reduction in raw material usagehese results suggest the addition of a percentage of cement for future
research to meet the parameters set by the standard.
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Statements

This chapter focuses on the manufacture and mechanical characterisation of the ecoblock, in compliance
with the applicable national regulations. This research represents a key step towards reducing the
environmental impact generated by the constructionstrg. The adoption of egoiendly materials in

this sector poses a significant challenge, as it requires the integration of technical, regulatory and
scientific expertise to ensure their performance.
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Abstract

The study of biomarkers is a line of study that allows the early detection of abnormal biochemical processes, focusing on
chronic human diseases such as diabetes, obesity, cancer, among otherssptmascopy (RS) technology allows
obtaining intrinsic data from a sample at the molecular level. RS allows studying biomarkers in biological samples in vivo,
without contact, without pain, and in real time. This design for assembling a Confocal RSeist@de with a Raman laser
equipment at 785 nm, a spectrometer QE65000 from GO@#ns, a microscopgy/pe mount, and an optical fiber as a-pin

hole. To validate the design, Raman bands of melanin, lipids and proteins are identified in spectral sardiffargnt

depths, 1000 pm, in the fingerprint and index fingernail of a human volunteer. The design promises to obtain deconvolution
spectra directly from the measurement in real time, without the need to apply numerical fitting methods in datagprocessi
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conventional Raman spectra considering the Assembly, functional to

to determine the parameters parameters to be obtain quality Raman

that need to be adjusted. optimized or those that spectra, and reliable
are discarded. database.

Raman Spectroscopy, biomarcadore€)edo indice M uestrasin-vivo

Resumen

Los biomarcadores son una linea de investigacién, sobre la deteccion temprana de procesos bioquimicos anormales, enfocadt
a las enfermedades humanas crénicas, como la diabetes, la obesidad, el cancer, entre otras. La Tecnologia de espectroscop
Raman (ERpermite obtener datos intrinsecos de una muestra, al nivel molecular. La ER permite estudiar biomarcadores en
muestras bioldgicas-vivo, sin contacto, sin dolor, y en tiempo real. Se presenta un disefio para ensamble de un ER Confocal,
con un equipo laseRaman a 785 nm, un espectrémetro QE65000 de G@@phcs, una montura tipo microscopio, y una

fibra 6ptica como pithole. Para validar el disefio, se identifican las bandas Raman de melanina, lipidos y proteinas en el
muestreo espectral a diferentes prafidades, hasta 10Q0n, en la huella y ufia del dedo indice de un voluntario humano.

El disefio promete obtener espectros en deconvolucion directamente de la medicién en tiempo real, sin aplicar métodos de
ajuste numérico en el procesamiento dad&tes.
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Introduction

The study of public health problems is important for the Mexican society, especially for people who have
problems in their quality of lifeConsidering the number of sick people and the number of chronic
diseases registered, problems are generated in thecsditical and socieeconomic development of the
country. For example, Diabetes@M-015SSA22010, Obesity, Cancer, which are known to have a

great impact and generate social welfare probleRis@l Communicated 2033Chronic diseases such

as cardiovascular diseases, hypertension, cancer, diabetes and also new conditions generated by th
pandemic such as COVHDO. Each of these conditisrrepresents a field of study for health science
researchers in terms of prevention, diagnosis and treatisfe (2023.

Raman spectroscopy (RS) has been used as-mvasive method to study skin diseases and
glucose between the Raman bands TJ6@nd 1125™! (Flores A. et al. 201)5as well as haemoglobin
1549°™1 (GonzalesViveros et al. 2022 The methodology may be feasible for the study of blood glucose
in vivo, for in vitro casesN. GonzalesViveros et al. 202)L Likewise, with Raman equipment systems
coupled to confocal microscopedh@o. J et al. 20)2frequencies between 1168, 1531, 1463, 1021
are also reported for diabetic blood samplesipus s. et al 20)and studies in type 2 diabetes in blood
samples (GonzaleSolis et a018), under the condition of the American standard (ANSI) for type Il
lasers, which indicates that lasers with power lower than 100 mW on skin in humans should be used in
experimentsAmerican National Standards Institute 1993

Raman spectroscopy (RS) is a technique that allows molecular information to be obtained from a
material, in solid, liquid or gas state, whether organic or inorganic. Performing an ER analysis means
shining a monochromatic beam of light on a sample andatwih the scattered light with a spectrograph.

The light beam interacts with the molecular structure constituting the sample, causing changes in the
vibrational state leading to changes in the frequency of the scattered light. The section of the scattered
beam that contains the Raman information is known as inelastic scattering. The importance for analysing
materials or substances is that the small frequency changes are specific and individual to each material
(Smith, E. et al. 2005 With the proposed system and methodology it is expected to obtain detailed
spectra on the molecular structures found on the skin of the fingerprint and the nail of the index finger.

Raman spectroscopy

The monochromatic light beam is incident on the sample, depending on the state of the sample there can
be reflection, transmission, absorption and scattering. The scattering can be elastic or inelastic. It is the
inelastic scattering that contains the mfation for ER See Figure 1.

Raman scattering
anti-Stokes

A >A

incident scatter

Incident light
yaser
. Rayleigh scattering

= A incident — }\scatter

=

Raman scattering
Stokes

A <A

incident scatter

Figure 1
Incidence of a monochromatic light beam on a sample

Source [Own elaboratiof

A beam of light is a collection of photons, photons have energy according to the value of their
frequency (where h i®lank's constant), photons interact with the molecular structure of the sample
causing vibrational changes, the energy of an absorbed photon supplies that energy to move to a higher
energy level which is called excitation. Upon loss of excitation, theaul@eives off a photon with a
relatively different frequency from the incident bedbmake G. et al. 2006
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While a molecule is in its ground state, a photon strikes and is absorbed, which inelastically
excites the molecule to a higher virtealergy level. It then recoils to an energy level between the virtual
level and the ground state, known as Raman Stokes, releasing a photon with a slightly different frequency
and energy from the incident beam. If it returns from the virtual level to thendrstate, this is called
Rayleigh scattering. On the other hand, if the molecule is not initially in the ground state, when it moves
to the excited state and returns to the ground state, it is calledtdkéis scatteringroporski, J. et al,

2018.

Raman changes depend on the natural frequency of vibration. The frequency depends on the mass
of the molecule. For heavy molecule, it has long wavelength, low frequency and energy. For a light
molecule, it has short wavelength, high frequency and eneogypléx molecules have a greater number
of vibrational modes. Each molecule has its own natural frequency. The Raman spectrum is a fingerprint
of molecules $mith, E. et al. 2005

Nail and skin anatomy

The spectra are sampled on the fingerprint and on the nail of the index finger. The epidermis is a compact
cellular layer measuring 12200 um, with regional differences according to skin function. The dermis

is 1540 times thicker than the epidermis. Tl is 500600 um thick. In the present work, readings

are being taken from the surface up to 10 internal steps of 127 um, i.e. up to 1270 pm inside the footprint
and nail (ConejeMir, J. et al. 2018)See figure 2 and 3.

Figure 2
Anatomy of the skin

Source Manual of Dermatology, ISBN278-84-7885627-5]
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Figure 3
Anatomy of the nail

Source Manual of Dermatology, ISBN: 9784-7885627-5]
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Results
Confocaloptical system development

In the present work, a unidirectional optical system was assembled to take Readengs of the
fingerprint of the index finger and the fingernail, in a first stage of healthy volunteers. Although it is
worth commenting that this system could well be included in a CNC machine, such as the one used for
industrial systemsAntonio, V. E., et. al 2023 as in the case of laser welding in the automotive industry
(Yepes Mayoral, E. (2024Thesis). But in our case, we need to take measurements at different depths
inside the index finger, either at the front of the finger, or throughirigernail.

The optical system consists of the laser module at 785 nm, connected to a bifurcated optical fibre,
with a 208micron multimode fibre core, coupled to the laser, and an2i@éfon multimode fibre coupled
to the spectrometer, called a Raman probe whosasifaliocal length of 0.7 cm. The Raman signal is
captured with the QE65000 spectrometer through the same probe. The 785 nm laser module is modulable
in power, from 1 to 400 mW, and 50 mW was used for this project. The spectrometer allows Raman
signals to b recorded in the spectral window of 402000°™, with a resolution of 4™, The optical
system also consists of an intermediate microscope lens between the probe and the sample, as well as
50 micron fibre between the 200 um fibre and the spectrometer. These two complements increase the
resolution and reduce the laser spot,clifrieduces the power required. See Figures 4 and 5.

Principle of operation of the optical system

Figure 5: A schematic of how the focal plane shifts in a sample as it approaches the Raman probe is
shown. An ER reading is taken for each displacement which is 127 um.

Figure 4
Ramanspectroscopy system assembly

Source [Own elaboratioih

Sampling methodology

Activate the optical system, which ateaser, spectrograph and computer equipment.

Set the software parameters, acquisition time in 5 s, 5 s average scanning time and level 3 filtering.
Clean the volunteer's index finger with alcohol to remove moisture and other impurities.

Place the area of the index finger, fingerprint or fingernail.

Locate the focal point on the surface of the area.
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Collect the spectrum of the surface.

Reduce the distance of the moving base every 0.127 um to collect spectra for each displacement, up to a
total of 11spectra.

Save the data obtained in SpectraSuit software.

Pinhole
Optical fiber

Focal spot

Skin sample

/ invivo

Figure 5
Raman spectroscopy system assembly

Source [Own elaboratiof
Processing of Ramaspectra

The spectra obtained by the optical system are captured in digital fohaia #le with the SpectraSuite
software. The set of spectra is saved in a *txt text file. The file name has the format
date_time_name_region_notéscomprehensive Matlab code was developed to automate the processing
of the set of spectra to generate individual files and graphs in the format required for the comprehensive
analysisIn general, the steps that the Matlab code executes are to trim the spectra in the range of 400 to
1800 cml. The next step is to generate the attenuation plots, for eaclsfperified in the code, and to
perform the flat fitting of the spectra. The output files are, attenuation plot sorted by volunteer name with
respect to sampling dates, fféatplot of the bands specified in the code, to perform deconvolution band
analysisThe qualitative analysis of the bands of the set of Raman spectra is to determine differences in
intensity, width, areas, shifts and deconvolution, which are significant for correlation with the inner layers
being studied, of the volunteer's footprint dimgjernail, see figure 6.

Fingernail of 12-Apr-2024
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Figure 6
Flatfit plot of a full spectral set of the nail.

Source [Own elaboratiof

The reliability of the spectral set obtained is qualitatively verified with the surface type graph, see
figure 7. With which itis possible to visualise the exponential attenuation, as the focal point moves in
the inner layers of the skin.
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Fingernail of 12-Apr-2024
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Figure 7
Surface type plot of the attenuation of the spectral array versus focal spot depth

Source [Own elaboratiof

In thespectral range from 1550 to 1750 ¢ihis possible to visualise deconvolution peaks that
have been obtained using the proposed methodology. The highest intensity peak measured at shallow
levels, which is in the range of 1630 to 1700-tnis interpreted as the sum of the lower intensitkpea
obtained at deep levels, which are the peaks at 165D, d75 crtt, and the peak at 1700 dmSee
figure 8. This interval corresponds to the vibrations associated with melanin, the molecule that provides
skin colairing (Wu et al., 2028

This is the most substantial advance of the project since we have identified molecular
components, it is necessary to continue with the interpretations of the spectral ranges for other species of
molecules that are present in human skin.

Fingernail of 12-Apr-2024
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Figure 8
Flatfit plot of a segment of the nail spectral array, from the range-1350 cm'

Source: Pwn elaboratioih

Conclusions

The design of the confocal Raman system allows Raman spectra of the human index fingggken be
from different inner layers of the skin at different depths. This allows the following to be found:

- The integration time and power through the confocal system is reduced compared to standard
Raman spectroscopy systems. This allows powerdeieilv the ANSI international standard (100
mW). In our case, with a power of 25 mW and integration times of 25 seconds, spectra of good
spectral quality are obtained.
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- Systematic recording of Raman spectra of the skin, surface and internal, is possible. With
displacements of 127 pum, reaching a depth of 1200 pm.

- The Raman spectra of fingerprint and fingernail show qualitative differences, i.e. there is no
coincidence of Raman bands in both parts of the index finger, which implies studies of different
molecular components (biomarkers) of the human.

- It was found that the intensity of the main Raman bands decay exponentially with depth, and that
these bands actually deconvolute with-balnds that may well be associated with biomarkers.

- The confocakystem allows deconvolution of the spectra obtained for different depths.

- Deconvolution can allow the analysis of biomarkers that are not observable by standard Raman
spectroscopy.

- The set of Raman spectra obtained are consistent, reproducible and intrinsic. Therefore, it is
feasible to obtain correlations of the diversity of molecular components (biomarkers) with human
physiological and pathological conditions.
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Abstract

This paper presents the results of a study carried out in a civil work located in a port of Ciudad del Carmen, Campeche, to
detect the formation of sinkholes and quantify their dimensions bsjteresolution aerial digital images acquired with an
unmanned aerial vehicle at 60 m elevation and using 20 control points on site. Digital images were analyzed with ImageJ
software to quantify and characterize the shape of the sinkholes in the ckilDescriptive statistics were performed on the
dimensions of the sinkhole structures identified, both in the field and in the digital images, to later compare thieta@seits o

and evaluate the validity of the dimensions obtained from them. Likewgsdc@ation of the percentage of damage in the
perimeter was performed. The mean square and percentage errors were 0.03 m2 and 13%, respectively, which can be attributec
to climatic factors during the acquisition of the images and the inherent limitafitvestechnique. 99 sinkholes were detected

in the perimeter of the civil works, whose morphology and distribution suggest an origin related to an inadequate structural
design of the retaining wall, aggravated by natural factors such as erosion arel coaents, as well as by anthropogenic
activities such as heavy vehicle traffic. This research highlights the importance of implementitgriongonitoring
programs based on remote sensing techniques.

* Quantify and * Acquisition of aerial photographs | * Identification of damage in
characterize and control points. a civil work with digital
sinkholes Ln acivil |, pescriptive statistics and damage Images.
work. analysis.

* Structure damage
analysis.

13aen 2ra m ma
Intervalos de clase en metres

Structure, Anthropogenic, Morphology

Resumen

En este trabajo se presentan los resultados de un estudio realizado en una obra civil ubicada en el Puerto Pesquero de Ciuda
del Carmen, Campeche, con la finalidad de detectar la formacion de socavones y cuantificar sus dimensiones utilizando
imagenes digales aéreas de alta resolucion adquiridas con un vehiculo aéreo no tripulado a 60 m de elevacién y utilizando
20 puntos de control en el sitio. Las imagenes digitales fueron analizadas con el software ImageJ para cuantificaar caracter

la forma de Is socavones en la obra civil. Se realiz6 la estadistica descriptiva de las dimensiones de las estructuras de dafio
identificadas, tanto en campo como en las imagenes digitales, para posteriormente realizar la comparacion entre $os resultado
obtenidos y eMaar la validez de las dimensiones obtenidas a partir de estas. De igual forma, se realizé el calculo de porcentaje
de dafio en el perimetro. Los errores cuadratico medio y porcentual fueron de? §.03% respectivamente, que pueden
atribuirse a factorecliméticos durante la adquisicién de las imagenes y las limitaciones inherentes de la técnica. Se detectaron
99 socavones en el perimetro de la obra civil, cuya morfologia y distribucién sugieren un origen relacionado con un disefio
estructural inadecuadiel muro de contencion, agravado por factores naturales como la erosién y las corrientes marinas, asi
como por actividades antropicas como el transito de vehiculos pesados. Esta investigacion destaca la importancia de
implementar programas de monitorelai@o plazo basados en técnicas de teledeteccion.

* Cuantificary * Adquisicién de fotografias aéreas | * Identificacién de dafioen
caracterizar y puntos de control. una obra civil con imagenes
socavones en una digitales.

* Estadistica descriptiva y analisis
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obra civil.

* Analisis de dafo
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Introduction

Sinkholes are geological depressions that occur when cavities in the subsoil collapse and can range in
size from small cracks to largeaters, and usually occur suddenly. They can arise from both natural
processes and anthropogenic activities, including pipeline leaks, urban development, mining, among
others.

The formation of sinkholes in karst environments is common and their origin is due to the
dissolution of limestone rocks by seepage of fresh water or sewage (. Other natural causes of sinkhole
formation are related to tectonic factors, such as fault displants, fractures and vibrations produced
by earthquakes

Theformation of sinkholes in urban areas and the involvement of civil works will depend on the
natural and anthropogenic factors that are present, as well as the particular characteristics of the physical
infrastructure affected. Sinkholes have been fourzktolosely related to groundwater overexploitation
because the lowering of the water table creates a cone of depression that causes changes in the fluic
pressure in the subsoil, leading to elastic and inelastic compaction, the latter causing the fofmation
voids.

In coastal areas, sinkholes can additionally be formed by the dynamics of sea currents and
groundwater, as well as by extreme events such as storm surges, among others, causing damage to civi
structures. However, the causes of damage to coastal civiswarkalso be associated with inadequate
design. describes the occurrence of a sinkhole in a harbour due to poor design of the perimeter walls,
where a section was shortened to relocate electricity supply cables.

The study of the physical integrity of civil works can be carried out using different techniques.
They can be invasive (boreholes, borings, drilling, pitting, trenching, sampling and testing) and non
invasive (geophysical, aerial or satellite remote sepsthe latter being very useful in complex and
difficult to access environments. In the context of sinkhole formation, the use of remotely sensed imagery
and digital aerial imagery is restricted by its dimensions, making scale a critical factor; théaesol
required for the detection of relatively small subsidence features (1.5 + 3.0 m wide) comes from aerial
imagery with scales between 1: 25,000 and 1: 10,000, although digital imagery from unmanned aerial
vehicles now achieves high resolutions, makinmssible to identify centimetr®ized objects.

In addition, recent studies are using interferometric synthetic aperture radar (InSAR) and
photogrammetry for more precise measurements of sinkholes. To study these images, it is possible to use
complex algorithms such as convolutional neural networkdudimg U-net , or more affordable
techniques such as image analysis with Indage

This paper analyses the formation of sinkholes in a civil engineering site in the port area of Ciudad
del Carmen, Campeche (Figure 1), which represents a particular risk to infrastructure and economic
activities in the region. Understanding the formatidrsiokholes and their risks is crucial for urban
planning and infrastructure safety.
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Figure 1
Formation of a sinkhole witbollapsed asphalt layer in a port civil works, Ciudad del Carmen, Campeche
Source Pwn elaboratiofh

Furthermore, the study of sinkholes in urban contexts is fundamental in the identification of
vulnerable areas and the implementatiopr@&ventive measures to protect not only infrastructure but
also human lives, contributing to urban planning, land management and avoiding urban development in
risk areas. Furthermore, sinkhole research is crucial to understand the natural and anthropogenic
processes that trigger their formation and to develop accurate models for the prediction of their
occurrence.

The added value of the present research lies in the combination of innovative, easily accessible
and lower cost techniques (drones and specialised software) compared to traditional methods, to obtain
a detailed characterisation of sinkholes and identéasof higher risk. This information is essential for
informed decision making in terms of management and mitigation of the problem.

Specifically, the study carried out in a dock of the fishing port of Ciudad del Carmen, Campeche,
has employed a methodology that combines remote sensing techniques with an unmanned aerial vehicle
for the capture of higinesolution digital images and stical analysis, with the aim of characterising
and quantifying the sinkholes present in the area. The results obtained have made it possible to identify
critical areas with a higher frequency of sinkhole formation, and although further research isltequire
establish causality with greater certainty, it is possible to suggest some relevant factors in their formation,
both natural and anthropogenic, which have been added to the high traffic and manoeuvres within the
civil works. The study also lays theogmdwork for more detailed future research, which should include
geophysical analysis, numerical modelling and l@rgnh monitoring, with the aim of understanding the
mechanisms of sinkhole formation and developing effective mitigation strategies.

Methodology

During May and June 2023, two visits were made to the civil works under study. During the first visit,
an inspection of the civil works site was carried out to identify the areas with the greatest presence of
sinkholes, as well as to collect information e dimensions of 20 randomly distributed sinkholes
around the perimeter. The first visit mentioned that the shape of the sinkholes is usually conical, where
the wide end opens at the surface, and is of variable shape, while the narrow end is |duataottain

(Figure 2). The depth of sinkholes can range from a few centimetres to more than several metres deep,
and this parameter is measured from the ground surface, regardless of whether the cover is natural or
artificial. In the present study, the dinstons of the selected control points were quantified by
approximating an ellipse on the surface, with a major axis (parallel to the perimeter of the civil structure)
and a minor axis (perpendicular to the major axis).



