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Comparison between the degradation effect induced by low pressure air plasma and
at atmospheric pressure of diethyl (3h-1-ethoxy-3-phenoxazinylidene) ammonium

chloride solution
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Abstract

The influence of the number of air molecules on the degradation process of a dye (diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium chloride) in aqueous solution by plasma was
determined. The concentration of the solution was 17.00 mg/L, and it was exposed to plasma
treatments performed at two different pressure values (~24 Torr / ~760 Torr), with an exposure
duration of 50 minutes per treatment. Four plasma generation conditions (10, 15, 20 and 30 mA)
were used at a voltage of 1500 V. The degradation of the dye was determined by UV/VIS
spectrophotometry (absorbance and percentage of degradation) and chemical oxygen demand
(COD), pH and bioassays with lettuce (Lactuca sativa) seeds. The temperature change was
analyzed for both pressures. The degradation of the dye is more significant at atmospheric
pressure than at low pressure for all treatments. The higher the plasma power, the greater the
degradation.
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Resumen

Se determind la influencia del nimero de moléculas de aire en el proceso de degradacion de un
colorante (cloruro de dietil (3H-1-etoxi-3-fenoxazinilideno) amonio) en solucién acuosa
mediante plasma. La concentracion de la solucion fue de 17,00 mg/L y fue expuesta a tratamientos
de plasma realizados a dos valores de presion diferentes (~24 Torr / ~760 Torr), con una duracién
de exposicién de 50 minutos por tratamiento. Se utilizaron cuatro condiciones de generacién de
plasma (10, 15, 20 y 30 mA) a un voltaje de 1500 V. La degradacion del colorante se determin6
mediante espectrofotometria UV/VIS (absorbancia y porcentaje de degradacion) y demanda
quimica de oxigeno (DQO), pH y bioensayos con semillas de lechuga (Lactuca sativa). Se analizé
el cambio de temperatura para ambas presiones. La degradacion del colorante es més significativa
a presion atmosférica que a baja presion para todos los tratamientos. A mayor potencia del plasma
mayor degradacion.
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Introduction

The textile finishing and dyeing industry
consumes large quantities of water and energy,
producing enormous amounts of wastewater
with a high organic matter content (Orts et al.,
2019). Colourants in water affect its aesthetics,
impede sunlight penetration (Ali et al., 2020),
consume dissolved oxygen, and alter biological
processes within water bodies and surrounding
soils. Many synthetic dyes are not
biodegradable, and these contaminants can
undergo alterations in their chemical structures
that can be more toxic than the original
contaminant (Bunti¢ et al., 2017).

Depending on their chemical structure,
dyes are classified as azo dyes, indigo,
anthraquinone, triaryl methane, and nitro and
nitrous dyes (Kishor et al., 2021). The great
variety of dyes and their complex structure make
their removal difficult in wastewater treatment
plants based on conventional physical, chemical
and biological methods (Tichonovas et al.,
2013). Advanced oxidation processes (AOPSs),
such as Fenton, ozonation, electrochemical
treatment, and photocatalysis, among others,
constitute an alternative for treating these
contaminants. The production of hydroxyl
radicals characterizes these processes (*OH),
highly oxidizing and non-selective species that
are capable of oxidizing most organic
compounds (Tichonovas et al., 2013; Reddy et
al., 2013; Bunti¢ et al., 2017; Cao et al., 2018).
However, some of these processes have shown
limitations, such as the removal of iron ions from
the treated effluent and the acidification of the
aqueous solution, as well as the formation of
potentially toxic byproducts during treatment, in
addition to problems in sludge disposal
generated (Kishor et al., 2021; Kahtani et al.,
2016).

Among advanced oxidation processes,
plasmas, which are characterized by the
presence of ionized gas, can be considered.
Plasma comprises a complex mixture of high-
energy particles (electrons, radicals, charged
particles, excited atoms, molecules and
photons). Plasmas are classified into thermal
plasmas and non-thermal (cold) plasmas. In
thermal plasma, the energy of electrons, ions and
gases is equal. On the other hand, in non-thermal
plasma, the energy of ions and electrons is
different (More et al., 2020; Razzokov et al.,
2022).
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Plasma technology is promising in treating
contaminants, such as volatile organic
compounds, recalcitrant organic compounds and
dyes, metals, metalloids, carbon from plastic
waste, and microorganisms (Sanito et al., 2022).
Plasma in contact with water is an AOP that has
been studied as a promising technology for water
treatment for several decades (Takeuchi &
Yasuoka, 2021). Among the methods to generate
plasma stand out are electrohydraulic discharge,
corona discharge, dielectric barrier discharge,
microwave  discharge, radio  frequency
(Tichonovas et al., 2013), jet plasma, sliding arc
(Taghvaei et al., 2019; Razzokov et al., 2022),
surface discharge plasma, pulsed discharge
plasma, as well as glow discharge plasma (Cao
et al., 2018). So, these plasma methods can work
without adding chemicals, and they have
advantages over AOPs that use chemicals for
wastewater treatment.

The plasma system has critical parameters
for different applications; its operation for
wastewater treatment should consider factors
such as electrical power, carrier gases, gas flow
rate and reaction time; these factors play an
essential role in treating contaminants. (Sanito et
al., 2022). Within these parameters, the literature
reports the use of plasma generated with
different types of gas, such as hydrogen
(Bramble et al., 2024), oxygen (Tamargo et al.,
2022), as well as air plasma (Chang et al., 2024),
among others.

Plasma technology has been used to
degrade acidic and basic dyes and has been
reported to be more energy-efficient than other
advanced oxidation processes (Reddy et al.,
2013; Liuetal., 2014). Plasma generation can be
achieved at atmospheric pressure (Quezada et
al., 2024) or low pressure (Bapat et al., 2024).
The collision between free electrons and gas
molecules results in energy transfer, leading to
various processes, such as excitation, ionization
and dissociation, that produce a mixture of
reactive  species, charged particles and
ultraviolet (UV) radiation. The type of reactive
species formed is determined by the feed gas
composition (Fernandez et al., 2024).

From this perspective, in this research, the
effect on the degradation of the diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium
chloride dye in an aqueous solution is quantified
and compared, using an air plasma at
atmospheric pressure (determined number of air
molecules) and other air plasma generated at low
pressure (fewer number of air molecules).

Alarcén-Hernandez, Fidel Benjamin, Yafiez-Carrillo, Bartolo, Fuentes-Albarran,
Marfa del Carmen and Gadea-Pacheco, José Luis. [2024]. Comparison between the
degradation effect induced by low pressure air plasma and at atmospheric pressure
of diethyl (3h-1-ethoxy-3-phenoxazinylidene) ammonium chloride solution. Journal
of  Chemical and Physical Energy. 11[30]-1-13:  e11130113.
https://doi.org/10.35429/JCPE.2024.11.30.1.13
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It is suggested that the different plasma
pressure conditions modify the degradation of
the dye under study.

In this context, the present investigation
consisted of preparing the study solution using
the dye. Subsequently, the solution was exposed
to an air plasma under conditions of atmospheric
pressure and low pressure, examining four
different treatments and evaluating temperature
change, absorbance, concentration, percentage
of degradation, pH, Chemical Oxygen Demand
(COD), and toxicity.

Methodology
Preparation of study solution

In this experiment, 6000 ml of diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium
chloride dye solution was used at an initial and
working concentration of 17.00 mg/L. The total
preparation of the solution (6000 mL) was made
and stored at a temperature of 14 °C for later use.
In each experiment, 250 ml per repetition is
required (three repetitions were made per
treatment). The values reported as results are the
average values obtained in each repetition. In
particular, this dye is identified by the CAS
number 2787-91-9.

Experimental system and treatment of the
solution with plasma

The experimental system is similar to that used
in our previous works, with the incorporated
modification of the vacuum system (Alarcon et
al., 2019; Alarcon et al., 2022a; Alarcon et al.,
2022b; Alarcén et al., 2022c). A schematic of
the experimental system used to expose the
solution of interest to air plasma is shown in
Figure 1. It consists of a hermetically sealed
glass chamber with a volume of 1.0 L, two
tungsten electrodes, a mercury thermometer, a
vacuum gauge, a vacuum generating pump and a
high-voltage source. This type of experimental
design configuring the electrodes' position is
known as a hybrid system. In these, one
electrode is immersed in liquid (treated
solution), and the other remains in a gas (air, this
case) (Grymonpre et al., 2004).
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Figure 1
Diagram of the experimental device used for exposure
to non-thermal plasma of the solutions under study

Source: Own elaboration

The solution to be treated is exposed to air
plasma by depositing 250 mL in the glass
chamber, which is hermetically closed to
establish the experimental working pressure
inside. One fixed electrode is immersed in the
solution, and the other (mobile) is placed be-
tween two and five millimetres from the surface.
It is in this second electrode, given the
characteristic of mobility, where the plasma
generation takes place. The electrode is distance
adjusted to study the solution surface until a
visually stable plasma is obtained. When the
plasma is generated, its continuity is monitored
throughout the treatment.

Non-thermal plasma is generated using a
high voltage source (SPELLMAN SL600) by
adjusting the corresponding values of potential
difference and electric current. The procedure
described is carried out for each treatment at
atmospheric pressure (~760 Torr) and low
pressure (~ 24 Torr, LABCONCO 117 Vacuum
Pump, CPS Vacuum Gauge, model VG 200).
For each of these pressures, the electrical current
generated by the plasma is varied (four different
currents).

The parameters used for each of the
treatments (atmospheric pressure and low
pressure) are shown in Table 1.

Alarcén-Hernandez, Fidel Benjamin, Yafiez-Carrillo, Bartolo, Fuentes-Albarran,
Marfa del Carmen and Gadea-Pacheco, José Luis. [2024]. Comparison between the
degradation effect induced by low pressure air plasma and at atmospheric pressure
of diethyl (3h-1-ethoxy-3-phenoxazinylidene) ammonium chloride solution. Journal
of  Chemical and Physical Energy. 11[30]-1-13:  e11130113.
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Table 1
Parameters considered for experimenting. Treated
volume of contaminated water per experiment: 250 ml.

Electric

Treatment time  Concentration Voltage
Current

Treatment

(minutes) (mg /L) (Volts) (mA)
T1 50 17.00 1500 10
T2 50 17.00 1500 15
T3 50 17.00 1500 20
T4 50 17.00 1500 30

Source: Own elaboration
Measurement of interest parameters

Once the plasma exposure process has started at
the corresponding pressure, the measurement or
determination of the parameters of interest is
carried out every 5 minutes. The plasma
exposure treatment is stopped, and the
temperature is measured (mercury thermometer
that is placed inside the solution). A sample is
extracted to measure the absorbance (Hach DR
3900 Spectrophotometer) and the pH (HI 9813-
6N Potentiometer) and perform toxicity
bioassays (percentage germination of Lactuca
sativa lettuce seeds).

Once the above procedure has been
completed, the corresponding pressure is re-
stored, and the exposure of the solution to the air
plasma is resumed, repeating this procedure until
reaching 50 minutes and concluding the
experiment.

COD is measured at the beginning and end
of each treatment (Hach DRB 200 digester and
Hach DR 3900 spectrophotometer). The change
of concentration and degradation percentage of
the interest contaminant in the solution is
inferred by considering the absorbance change,
the concentration calibration curve and the
COD.

Toxicity bioassays

Toxicity bioassays are performed using seeds
with specific characteristics. They are uncured
seeds (without fungicides or pesticides) of
lettuce of the Lactuca Sativa species with a
germination percentage greater than 90%. In
particular, the methodology established in this
process (Sobrero y Ronco, 2004) is followed.
For this test, three repetitions were made for
each treatment. A negative control (distilled
water) and a positive control (diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium
chloride solution at a concentration of 17.00
mg/L without exposure to plasma) were used.
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The seeds were hydrated when the treated
solution reached room temperature (23 = 0.5
°C).

Chemical Oxygen Demand (COD)

The Hach method was used to determine the
COD. Vials with specifications to measure very
low levels (1- 40 mg/L) were used to obtain the
different COD wvalues. All solutions were
prepared with analytical-grade chemicals.

Degradation Percentage

The degradation percentage is calculated using
Equation 1.

% Degradation =1 —[ (C/Co)] x 100 % [1]

C is the interest dye concentration at a particular
treatment time, and Co is the initial concentration
of the dye without treatment. The absorbance
values are related to the respective dye
concentrations by a linear function, Equation 2.

y=0.1793x +0.0357 [2]
Calibration curve

Figure 2 shows the calibration curve used for the
dye diethyl (3H-1-ethoxy-3-phenoxazinilidene)
ammonium chloride, whose adjustment equation
isy =0.1793x+0.0357.

The calibration curve relates the
absorbance values to the concentrations in mg/L
of the interest dye at a wavelength A= 635 nm. It
was obtained by making 11 dilutions of a
solution with a known dye concentration
(Alarcon et al., 2022a).

4.0

35 y =0.1793x + 0.0357

R2=0.994
3.0

25
—&— Experimental

2.0 Absorbance

Absorbance

15

Linear Fit
1.0

0.5
0.0

0 5 10 15 20
Concentration (mg/L)
Figure 2
Diethyl (3H-1-ethoxy-3-phenoxazinylidene)

ammonium chloride calibration curve
Source: Own elaboration
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Results and discussion

Plasma treatments at atmospheric pressure (T)
and low pressure (T') of the diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium
chloride dye solution show that the results
obtained depend on the experimental pressure
considered (number of air molecules in the
reaction chamber). This process can be
understood by analyzing the reactions through
which it is possible to explain the degradation
mechanisms of the pollutant in an aqueous
solution at atmospheric pressure exposed to a
plasma.

The main components of the gas used (air)
to generate the plasma are Nitrogen and Oxygen
(Jiménez, 2001), so the following are the
possible primary chemical reactions with the
most significant influence present in the
experiments (Safenraider, 2020).

H,O+e — OH +H" [3]
O,+e — 20 [4]
0+ 0 — 03 [5]
No+e — N+ N [6]
O+N; - NO +N° [7]
NO"+ O — NO; [8]
N'+0,— NO"+0O [9]
NO'+N"—-> N+ 0O [10]

Such primary species generated in the
previous reactions migrate by diffusion to the
liquid phase reaching stabilization within water
(Lukes et al., 2014; Cadorin et al., 2015), giving
way to the generation of the following secondary
species capable of inducing chemical
degradation reactions of organic compounds in
aqueous media.

H,O +e¢ — H,O" + 2¢ [11]
H,O" + H,O — H;0" + OH’ [12]
OH" + OH" — H;0; [13]
203 + H20; — 30, + HO’ [14]
O3+ HO;" — 02"+ HO™ + O, [15]
2NO'+ O2 — 2NO; [16]
2NO,; +2H" — NO'+ NO; + H,O [17]
2NO; + H,0O — 2NO; + NO; + 2H* [18]
NO2™ + H202 +H30" — ONOOH + 2H>0 [19]
ONOOH — NO, + HO" [20]
ONOOH — HNO; [21]
ONOOH + H,0O — ONOO + H;0* [22]

For experiments at low pressure (when the
number of air molecules inside the reaction
chamber is small), the previous reactions
continue to take place, but with the characteristic
that the probability of carrying out each of them
decreases, as shown in the graphs obtained.
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The results regarding the temperature
change, absorbance, concentration, degradation
percentage, pH, COD and bioassays are
presented below.

Temperature

An immediate effect due to air plasma
treatments in the study solution is observed in
the temperature change. Figure 3 presents the
solution temperature behaviour for the
treatments at atmospheric and low pressure as
the solution is exposed to the plasma generated
at different current values.
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Figure 3
Change in temperature of the aqueous solution of
diethyl (3H-1-ethoxy-3-phenoxazinylidene)

ammonium chloride after exposure to an air plasma at
atmospheric pressure (T) and at low pressure (T') as a
function of the exposure time and the electric current
generating the plasma

Source: Own elaboration

Exposure of the solution to plasma at low
pressure shows a temperature change behaviour
dependent on the generating power of the
plasma, as well as on the number of air
molecules present in each treatment.

For T1' treatment, the temperature
decreased at the end of the exposure time (15 °C
to 14 °C); while for the three remaining
treatments (T2, T3' and T4'), the temperature
increased from 15 °C to 15.5 °C, 16.5 °C and
17.0 °C respectively.

The reduction of air molecules in the
reaction chamber induces a decrease in the
temperature of the study solution. This
temperature decrease opposes the temperature
increase generated by the plasma's energy
supplied to the solution.

Alarcén-Hernandez, Fidel Benjamin, Yafiez-Carrillo, Bartolo, Fuentes-Albarran,
Marfa del Carmen and Gadea-Pacheco, José Luis. [2024]. Comparison between the
degradation effect induced by low pressure air plasma and at atmospheric pressure
of diethyl (3h-1-ethoxy-3-phenoxazinylidene) ammonium chloride solution. Journal
of  Chemical and Physical Energy. 11[30]-1-13:  e11130113.
https://doi.org/10.35429/JCPE.2024.11.30.1.13


https://doi.org/10.35429.JCPE.2024.11.30.1.

Journal of Chemical and Physical Energy

6
11[30]1-13: 11130113

Article

The plasma at atmospheric pressure for the
four treatments (T1, T2, T3, T4) generates a
temperature increase in the study solution. The
more significant the current applied to generate
plasma, the greater the temperature rise. It is
observed that in the first 20 minutes of treatment,
the temperature of the solution increases
relatively quickly, it changes from 15 °C to 27
°C, 30 °C, 38 °C and 43 °C respectively. From
these values, the temperature change is more
petite, reaching at the end of the treatments
temperatures of 36 °C, 39 °C, 48 °C and 52 °C.
The behaviour of the temperature change of the
solution is explainable, considering the physical
processes that occur in the solution when
exposed to plasma at atmospheric pressure.

In the first part, a process occurs almost
exclusively by heating and without water
evaporation, which determines that the
temperature change is relatively fast (all the
energy supplied by the plasma raises the
temperature of the solution). In contrast, for the
second part, two simultaneous processes begin
to be observed experimentally, a heating process
and,  simultaneously,  another  solution
evaporation process, which means that the
temperature stays lower than in the first part.

The increase in temperature does not
necessarily influence the bleaching process of
the dyes using this methodology (Alarcon et al.,
2022c), but rather the increase in the electrical
power generated by the plasma.

Absorbance

Figure 4 shows the change in absorbance of the
aqueous diethyl (3H-1-ethoxy-3-
phenoxazinylidene)  ammonium chloride
solution as a function of exposure time to an air
plasma at atmospheric pressure (T) and low
pressure (T '). Both experimental conditions for
different values of electric current generating the
plasma.

The absorbance behaviour of the interest
solution after being exposed to plasma generated
in air-water at atmospheric pressure and low
pressure has a decreasing trend depending on the
exposure time and the value of the plasma
generation current. The decrease in the
absorbance value is related to the current applied
in each treatment; the greater the electrical
current applied, the more significant the
decrease in absorbance over time.
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Figure 4

Absorbance change of diethyl (3H-1-ethoxy-3-
phenoxazinylidene) ammonium chloride aqueous
solution after exposure to an air plasma at atmospheric
pressure (T) and at low pressure (T') as a function of
exposure time and the electric current generating the
plasma

Source: Own elaboration

The absorbance value decreases for
treatments at atmospheric pressure (T1, T2, T3
and T4). The decrease in absorbance is a
function of electric current; it goes from 3.052 to
1.088, 0.800, 0.290 and 0.213, respectively.
Such absorbance values demonstrate the
efficiency of each of the procedures.

For the low-pressure treatments (T1', T2',
T3'and T4"), the change in the absorbance value
was not the same as at atmospheric pressure; it
was decreased to only values of 2.348, 1.704,
1.400 and 0.890 respectively.

The absorbance change curve for each
treatment at  atmospheric  pressure s
distinguished by being divided into three regions
depending on the exposure time and the plasma
generation current. The first shows a slight
change in the absorbance value, corresponding
to the first fifteen minutes of exposure for
treatment T1, ten minutes for treatment T2, and
the initial five minutes for treatments T3 and T4.
The second region is the one in which the most
significant decrease in absorbance values of the
entire exposure time is generated. It is observed
from minute fifteen to minute forty for the first
treatment, from minute ten to thirty for the
second treatment and from minute five to thirty
for the last two treatments (T3 and T4).
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Finally, the curve's last region differs by
asymptotic behaviour and a minor change in
absorbance values over time. It is presented from
forty minutes onwards for the first treatment and
approximately thirty minutes onwards for the
other treatments (T2, T3 and T4).

For low-pressure treatments, the behaviour
of the absorbance change is different (it is
smaller and with a quasi-linear trend over time).
The three distinct regions of decrease in the
absorbance value that occur at atmospheric
pressure are not observed; only the T4' treatment
slightly shows this behaviour. In particular, and
according to Figure 3, in this treatment (T4"), the
solution experienced the most significant
increase in temperature at low pressure after
exposure to plasma (2 °C).

Concentration and Degradation Percentage

Considering Equation 2 of the calibration curve
(Figure 2) and the absorbance values measured
by spectrophotometry at different treatment
times (Figure 4), it is possible to estimate the
concentration values of diethyl chloride (3H-1-
ethoxy-3 -phenoxazinylidene) ammonium in the
aqueous solution after exposure to different
plasma treatments.

In particular, the magnitude of the
concentration of the solution of interest at
atmospheric pressure decreases for treatments
T1, T2, T3 and T4, from an initial experimental
value of 17.00 mg/L, to estimated values of 5.86
mg/L, 4.26 mg /L, 1.41 mg/L and 0.98 mg/L
respectively, which corresponds, as shown in
Figure 5, to approximate degradation
percentages of 65%, 74%, 91% and 94%
respectively.

For low-pressure treatments, the change in
concentration of the solution is less. Minimum
estimated values of 12.89 mg/L, 9.30 mg/L, 7.60
mg/L and 4.76 mg/L are reached depending on
the increase in the plasma generation current.
These values correspond to degradation
percentages of approximately 23%, 44%, 54%
and 71%, respectively.

In general, the value of the measured
absorbance and the estimated concentration
decreases as the electric current of plasma
generation increases for the two pressures used,
which corresponds to an increase in the
percentage of dye degradation in the solution.
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Considering this percentage, it is evident
that air molecules are necessary for the
pollutant's degradation.
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Figure 5
Percentage degradation of diethyl (3H-1-ethoxy-
3-phenoxazinylidene) ammonium chloride in
aqueous solution after exposure to an air plasma at
atmospheric pressure (T) and low pressure (T"), as
a function of the exposure time and the electric
current generating the plasma

Source: Own elaboration

In this type of plasma device, processes of
dissociation of oxygen molecules from the air
are carried out into atomic oxygen radicals,
which recombine to form ozone molecules,
which in turn can form other free radicals such

as H20,, O, y OH' contributing significantly to
the degradation of the compound of interest
(Mok et al., 2004; Jiang et al., 2014; Mouele et
al., 2021). It is observed that the higher the
plasma generation current in the presence of air
(Nitrogen and Oxygen) inside the reaction
chamber, the higher the efficiency in the
degradation of the pollutant. The decrease in the
air inside the reaction chamber inhibits the
discolouration of the dye of interest due to the
decrease or low presence of ionizable gas in
which the different primary chemical reactions
are carried out [3] - [10].

pH

Figure 6 shows the behaviour experienced by the
change in pH of the aqueous solution when
exposed to a non-thermal plasma at atmospheric
pressure (~760 Torr) and low pressure (~24
Torr) with variation in current intensity.
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The behaviour of the pH change of the diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium chloride dye
solution, as a function of the exposure time to non-
thermal plasma, the value of the electric current and the
pressure in the reaction chamber. Atmospheric pressure
(T) and low pressure (T")

Source: Own elaboration

In particular, the solution's pH values
decrease as the exposure time to each treatment
passes. It occurs for all treatments (atmospheric
and low pressure) and increases as the plasma-
generating electric current increases. In general,
the solution increases its level of acidity.

The pH change for the treatments at
atmospheric  pressure shows two specific
behaviours. First behaviour, the pH decreases
quickly and occurs in the initial minutes of
exposition. For treatments T3 and T4, the pH
drops from 5.6 to 3.1 and 3.0 15 minutes after
plasma exposure. For treatments T1 and T2, the
pH drops to 3.2 and 3.1 after 25 minutes of
exposure. In the following minutes, the pH
decreases for all treatments, but more slowly,
reaching values of 3.0, 2.9, 2.7 and 2.3 in the rest
of the exposure time, in correspondence with the
highest value of the electrical current for plasma
generation, respectively.

It should be noted that the minimum pH
value (2.3) is observed in the final time or
interval of the fourth treatment when a current
intensity of 30 mA is applied during 50 minutes
of exposure at atmospheric pressure (~760 Torr).

From Figure 6, it can be seen that the speed
of pH change of the solution under study
depends directly on the power of plasma
generation, the exposure time, and, when
compared with low-pressure treatments (~24
Torr), also of the pressure at which the plasma is
generated.
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For the four treatments at low pressure, the
pH values of the solution changed less than at
atmospheric pressure and with a quasi-linear
behaviour in time. At the end of the treatments
(T1, T2, T3 and T4"), values of 4.2, 4.0, 4.0 and
3.8, respectively, were reached. It is also
observed, as in the case of atmospheric pressure,
dependence on the exposure time and the electric
current that generates the plasma. The longer the
exposure time or the higher the current, the more
significant the decrease in pH.

The difference in the minimum pH value
reached for the treatments at atmospheric
pressure and low pressure is attributed to three
characteristic processes of the experimental
system: processes of ionization and dissociation
of water (aqueous solution of the contaminant of
interest) stimulated by the increase in
temperature due to each treatment, generation of
new compounds due to the presence of air
molecules (mainly Nz, Oz, and CO, molecules)
in greater or lesser percentage inside the reaction
chamber (Brisset et al., 1990; Sathiamoorthy et
al., 1999; Park et al., 2005; Burlica et al., 2006;
Seinfeld et al., 2006; Burlica et al., 2008), as
well as by the presence of free electrons
generated by the plasma (Safenraider et al.,
2020; Jiang et al., 2014; Sarangapani et al.,
2016).

The first and second processes that
generate changes (decrease) in the pH of the
solution are verified when a non-thermal plasma
of electric discharge interacts with the surface of
the water of interest in the presence of air
(Brisset et al., 1990; Park et al., 2005; Burlica et
al., 2008). The pH decrease is due to the
generation of HNOs, HNO:, and other by-
products that can form in moist air or water
plasmas. In hybrid discharge systems, NO and
NO; are formed through energetic electrons with
N2 and Oz in the gas phase (Sathiamoorthy et al.,
1999), which react with H,O forming HNO3z and
HNO> (Mouele et al., 2021; Park et al., 2005;
Burlica et al., 2006; Seindeld et al., 2006).

For experiments at atmospheric pressure
(~760 Torr), the solution under study interacts
with the surrounding air while the temperature
increases as the plasma exposure time pass. The
COz in the air and water molecules reacts with
the plasma, contributing to hydronium radicals
generation as shown in reactions [23], [24] and
[25].

CO2 (ag) + H2O — H2CO3 (aq) [23]
H2CO3 (ag) + H2O0 — HCO3 ™ + H30" [24]
HCO3™ (aq) + H20 — CO3% + H3z0" [25]
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The above also happens for experiments at
low pressure; however, the decrease in pH is not
as marked due to a lower number of air
molecules in the reaction chamber. Another
contribution to the decrease in pH is explained
by the interaction of the free electrons generated
by the plasma, which have enough energy to
cause ionization, dissociation processes, and
multiple recombination reactions with water
molecules. Particularly from such electrons, the
generation of OH" and H" radicals is possible, as
shown by reactions [26] and [27] (Safenraider et
al., 2020; Jiang et al., 2014; Mouele et al., 2021;
Bruggeman et al., 2016).

HO+e—>OH +H +e [26]

The OH" radicals in the solution
recombine, generating hydrogen peroxide.
Reaction [27] (Safenraider et al., 2020; Mouele
et al., 2021; Sarangapani et al., 2016).

OH' + OH" — H20, [27]

In general, carrying out the experiments in
the presence of a different number of air
molecules (atmospheric pressure or low
pressure) generates a different change in the pH
of the study solution. The greater the number of
air molecules and the greater the electrical power
to generate the plasma, the more significant the
decrease in pH.

Chemical Oxygen Demand (COD)

The COD was determined for all treatments'
final samples (50 min) of the interest solution
(Figure 7). The COD value shows a decreasing
behaviour, which allows us to infer a decrease in
the dye concentration depending on each
treatment’s characteristics.
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Figure 7

COD change of the diethyl (3H-1-ethoxy-3-
phenoxazinylidene) ammonium chloride dye solution
after exposure to air plasma as a function of plasma
generation electrical power. TO is the initial value of the
solution of interest without treatment

Source: Own elaboration
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The COD allows us to know the dye's
abatement through the treatment process with air
plasma at low and atmospheric pressure. Table 2
shows the COD values obtained for the final
samples of the treatments at atmospheric
pressure (T1, T2, T3, T4) and low pressure (T1',
T2', T3, T4"), as well as the respective
percentages of organic matter removal.

Table 2

Removal of cloruro of dietil (3H-1-etoxi-3-
fenoxazinilideno) amonio dye (COD) as a function of
the electrical power of plasma generation (Treatment).

Atmospheric pressure Low pressure
Treat | COD | Remo | Treat | COD | Remo
ment | (mgO val ment | (mgO val
2L) (%) 2/L) (%)
T1 5.0 3.8 T1’ 5.1 1.9
T2 4.6 11.5 T2’ 5.0 3.8
T3 43| 173 T3’ 4.9 5.8
T4 3.5 32.7 T4’ 4.6 11.5

Source: Own elaboration

All the treatments show a decreasing trend
in the COD value as a function of the applied
electric current. In atmospheric pressure
treatments, a change in COD between 3.8% (T1)
and 32.7% (T4) was recorded. While for low-
pressure treatments, a COD value between 1.9%
(T1) and 11.5% (T4") was recorded.

The most effective removal of organic
matter is obtained with the treatments at
atmospheric pressure. The highest efficiency is
observed for the T4 treatment, which is
consistent with what was reported by Alarcon et
al., 2022a, where the same dye was used as in
this study under atmospheric pressure
conditions, using a higher concentration (20
mg/L) and for an exposure time of 250 minutes
before an air plasma. In this case, a removal of
81.6% was obtained. The highest percentages of
COD reduction are attributed to the exposure of
the dye to a non-thermal plasma generated in the
presence of a more significant number of air
molecules, favouring the removal of organic
matter due to the multiple reactions that take
place.

Plasmas in the presence of air can generate
ultraviolet light in situ, as well as numerous
reactive oxygen species such as ozone (O3z),

hydrogen peroxide (H202), atomic oxygen (O’),
radical ion of ozone (O'3), the hydroperoxide

radical (HO™2) and the superoxide anion (O ),
among others.
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OH, O3 and O, react directly or
indirectly with complex organic pollutants in
aqueous solutions while H,O,, O, Os and
HO:>'mineralize the organic toxins in the water
and most cases, act as the main precursors of the

OH’, O3 and O species during plasma
treatment processes (Mouele et al., 2021).

Germination percentage

The germination percentage of hydrated lettuce
seeds with the study solution indicates the
change in the relative toxicity of the initial
solution. Figures 8 and 9 show the change in
Lactuca sativa lettuce seed germination
percentage at atmospheric pressure (T) and low
pressure (T'), respectively. In both cases, the
positive and negative control reached respective
maximums of 71 % and 100 % germination.
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Figure 8

Percentage of germination of Lactuca sativa lettuce
seeds hydrated with an aqueous solution of diethyl (3H-
1-ethoxy-3-phenoxazinylidene) ammonium chloride,
exposed to an air plasma at atmospheric pressure (T) as
a function of the time of exposure and the electrical
current generated by the plasma. Negative control:
distilled water; positive control: aqueous diethyl (3H-1-
ethoxy-3-phenoxazinylidene) ammonium  chloride
solution without treatment

Source: Own elaboration

Figure 8 shows that the germination
percentage for the treatments at atmospheric
pressure reaches 100% at minute ten of
treatment, exceeding the minimum germination
percentage of conventional acceptance (80 %)
reached at minute five of treatment. In the case
of low-pressure treatments, 80% germination is
also exceeded at minute five, but 100%
germination is obtained up to minute fifteen of
exposure, as observed in Figure 9. The toxicity
of the solution decreases more rapidly for
treatments at atmospheric pressure.
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Figure 9

Percentage of germination of Lactuca sativa lettuce
seeds hydrated with an aqueous solution of diethyl (3H-
1-ethoxy-3-phenoxazinylidene) ammonium chloride,
exposed to a low-pressure air plasma (T") as a function
of time exposure and electrical current generating
plasma. Negative control: distilled water; positive
control: aqueous diethyl (3H-1-ethoxy-3-
phenoxazinylidene) ammonium chloride solution
without treatment

Source: Own elaboration

According to equation 2 and Figure 4, the
solution has a concentration of 16.0 mg/L
(fifteen-minute) at low pressure for the T1'
treatment. A value at which 100 % of the seeds
germinate for all the treatments at both working
pressures. The change in pH does not show an
apparent influence on the germination
percentage; even when the pH value decreases,
the seeds continue to germinate.

Conclusions

The degradation process of a diethyl (3h-1-
ethoxy-3-phenoxazinylidene) ammonium
chloride solution, induced by air plasma
treatments at low and atmospheric pressure, was
compared. The degradation of the dye is more
significant in processes at atmospheric pressure
than at low pressure, according to the established
process.

In particular, this experiment shows that
the number of air molecules inside the reaction
chamber in which the dye of interest is exposed
to the plasma is decisive for the degradation
efficiency. The presence of air molecules
(Nitrogen and oxygen) is fundamental for
carrying out the chemical and physical processes
that allow the transformation of chemical
compounds dissolved in water after their
exposure to a plasma—the greater the number of
air molecules in the treatments, the greater the
degradation of the pollutant.
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The reduction of absorbance values, dye
concentration, and COD depends on the
treatment time (the longer the treatment
exposure time, the lower the absorbance and
COD values). It depends on the electric current
magnitude that generates the plasma (the higher
the current, the more significant the decrease in
absorbance and COD values). It depends on the
pressure at which the experiment is carried out
(greater efficiency at atmospheric pressure than
at low pressure).

The pH showed a decreasing trend as a
function of the exposure time for both working
pressures and all electrical current values for
plasma generation. The decrease was more
significant at atmospheric pressure and is
attributed to the by-products of dye degradation
in the presence of air. The latter does not inhibit
the germination percentage of lettuce seeds.
When plasma is generated at atmospheric
pressure, the maximum germination percentage
is reached sooner than when plasma is generated
at low pressure.
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Abstract

The genus Agave (scientific name of Maguey) is endemic to America, being an important
cactus that has about 200 species of which Mexico, a Megadiverse country, is home to
150 of these. In the Tehuacén-Cuicatlan Biosphere Reserve, 15 species have been located,
of which 8 are endemic (Garcia-Mendoza, Franco-Martinez, 2022). The present work
presents the morphological characterization by measuring the length and width of the
stalk, leaf thickness, number of spines, height of the apical spine, height and diameter of
the plant, leaf area, color and layers of developed stalks of the Maguey Pitzometl from the
Zapotitlan Region, Salinas, Puebla, which is one of the most important reservoirs of Agave
marmorata, contributing to determining its particular morphological, physical and

Resumen

El género Agave (nombre cientifico del Maguey) es endémico de América, siendo una importante
cactécea que tiene cerca de 200 especies de las cuales México, pais Megadiverso, alberga 150 de
estas. En la Reserva de la Biosfera Tehuacén-Cuicatlan se han ubicado 15 especies de las cuales
8 son endémicas (Garcia-Mendoza, Franco-Martinez, 2022). El presente trabajo presenta la
caracterizacion morfolégica mediante la medicion del largo y ancho de la penca, espesor de la
hoja, nimero de espinas, altura de la espina apical, altura y didmetro de la planta, area foliar, color
y capas de pencas desarrolladas del Maguey Pitzometl de la Regi6n de Zapotitlan, Salinas, Puebla,
que es uno de los reservorios mas importantes del Agave marmorata, contribuyendo a determinar
sus atributos morfolégicos, fisicos y quimicos particulares.
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Introduction

The Maguey Pitzomelt, with the scientific name
Agave marmorata, is a plant endemic to Mexico,
mainly known in the states of Oaxaca and
Puebla. It is distinguished for being one of the
longest-lived, with a reported lifespan of 15 to
25 years, growing in dry, shallow soils, although
its roots extend and prevent erosion during the
rainy season (Grulani, 2022).

Depending on the geographical area where
it grows, it is known by several common names
such as: ‘Tepeztate’, ‘Pichomel’, ‘Pitzomelt’,
‘Pichometl’,  ‘Maguey  Curandero’ and
“Huiscole’ (Garcia-Mendoza, 2018).

Reported to reach a height of almost 2 m
and 2.5 m wide, this Maguey is also distinctive
for the shape of its broad, wavy, yellowish-green
or bluish-green leaves, which are rough to the
touch and have short, stout thorns. But perhaps
what is most striking about this plant are its
flowers, considered by some to be the most
beautiful among the agaves (Cultura del Mezcal,
2018). According to Garcia-Mendoza (2018),
the plant has 16 to 20 leaves per rosette, each leaf
i 1.0 to 1.3 m long, 0.2 to 0. 3 m wide, they are
broadly lanceolate, arranged in various
directions, frequently wavy, grooved, green,
yellowish-green in colour, and may have
glaucous (light green) transverse bands, they are
rough in texture, with a spiny (toothed) margin,
with short, robust spines, very lax paniculate
inflorescence and small, bright yellow flowers.

Its habitat is tropical deciduous forest,
xerophytic scrub and the transition zone between
these two communities, on soils of limestone or
igneous origin. It grows at elevations of 680-
1600m. It flowers in March and April and fruits
from May to July. Among the main reported uses
is the production of mezcal and in some areas
mead is extracted; the stems and young
inflorescences are consumed baked, when dried
they are used for live fences and to make birds'
nests; the juice of the fresh leaves is used to
relieve ulcers, blood clots, asthma, bruises and
wounds, cooked it is used as a syrup to cure
coughs and bronchial affections; the flowers are
used to decorate churches, altars and houses
during the Semana Mayor (Easter) festivities,
fresh ones are used as fodder for cattle, and the
flower buds or ‘cacayas’ are eaten stewed as a
vegetable.
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Both productivity and processability
(especially for biofuel purposes) indicate that
some Agave species could compete
economically with other bioenergy crops
(Escamilla-Trevifio, L., 2011).

In its qualitative conservation status,
habitat loss and degradation is the main risk
factor for wild populations of this maguey, in
addition to exploitation for mezcal production.
The plant is highly valued as an ornamental
(Garcia-Mendoza, 2018).

In previous studies, Godinez-Alvarez, H.
and collaborators, (2008) analysed the density,
population  structure,  reproduction  and
individual survival of four plant species: S.
stellatus, P. laevigata, Agave marmorata and C.
tortuosa in order to determine the state of their
populations and regeneration capacity, as well as
the relative importance of their sexual
reproduction and vegetative propagation. It was
observed that fruit production varied among the
populations of each species, although no
differences were observed in the number of
seeds per fruit and the proportion of germinated
seeds, where seedling survival was low and
depended on environmental conditions.

Agave marmorata R. is a plant that is
adapted to shallow soils and low fertility, and
also serves to retain and conserve rainwater,
reducing soil erosion. It is currently found wild
and scarce in the Mixteca Poblana (Mexico)
where it is intensively exploited in gastronomy
and as a medicinal plant (Aguilar, D. and
Rodriguez de la O, J., 2018).

The Pitzomelt agave or maguey is a
species distributed in the Zapotitlan de las
Salinas Valley in Puebla, an area that belongs to
the Tehuacan-Cuicatlan Biosphere Reserve. It is
highly prized by the local people, because in
addition to extracting the traditional mezcal, it
has a potential medicinal use that until now has
been mystically restricted to the so-called
‘Pichomela’, whose name alludes to the
adjective ‘curandera’ (healer). The present
project contributes to the determination of the
morphological, physical and chemical attributes
of this important natural and endemic reservoir
of the Maguey Pitzometl.

Lépez-Vigil, Miriam Silvia, Santos-Alvarado, Héctor and Islas-Torres,
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Puebla. Journal of Chemical and Physical Energy. 11[30]-1-8:
€21130108. https://doi.org/10.35429/JCPE.2024.11.30.1.8


https://doi.org/10.35429.JCPE.2024.11.30.1.

Journal of Chemical and Physical Energy

3
11[30]1-8: e21130108

Article
Methodology to be developed

The focus of this study are mature plants of
Maguey Pitzometl (Agave marmorata) from the
region of Zapotitlan Salinas, Puebla. From this
region, a random sample of magueys belonging
to the members of the cooperative ‘Sembradores
de Maguey Pitzomelt’, who are collaborators in
the project, was analysed directly in the field,
and morphological characterisation was carried
out in the field, for which magueys were chosen
according to a growth age of between 4 and 5
years, this was determined according to the
number of stalks developed by the plant, as well
as by the knowledge of the age of the plants of
the native people of the place.

The length and width of the maguey stalks,
their thickness, the height of their spines and the
number of spines per stalk, as well as the height
and diameter of the plant were evaluated. 10
magueys were characterised, and from each
maguey 10 stalks, which are identified with a
code of 2 letters and 2 digits such as P1H1 for
the maguey plant 1 studied and its stalk or leaf 1,
to P10OH10 which corresponds to the maguey
plant 10 and its characterised leaf 10.

Physical characterisation was carried out
by determining the % Moisture and Total
Volatile Solids in thorn, pulp, husk and stalk, as
well as the determination of Density, °Brix,
Electrical Conductivity and Total Dissolved
Solids in the maguey extract. In the chemical
characterisation, fat content and pH were
determined.

Results

The morphological characterisation of Maguey 1
is shown in Table 1. It can be seen that the
average length of the stalk is 70.20 cm with a
standard deviation of 8.79 cm, the range of
fluctuation is 31 cm, with the shortest stalk being
55 cm and the longest 86 cm. The average width
of the stalk is 20.72 cm with a standard deviation
of 3.18 cm, a range of 8.5 cm, with the smallest
data of 16 cm and the largest of 24.5 cm. The
average thickness of the stalk is 0.582 cm with a
standard deviation of 0.0864 cm, a range of 0.3
cm, with a lower datum of 0.4 cm and a higher
datum of 0.7 cm. The average number of spines
on the stalk is 58 with a standard deviation of
4.37, arange of 15 spines, with a lower figure of
52 spines and a higher figure of 67 spines.
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The average apical spine height of the stalk
is 0.54 cm with a standard deviation of 0.1838
cm, a range of 0.6 cm, with a lower datum of 1
cm and a higher datum of 0.4 cm. Figure 1 shows
the Maguey Pitzometl characterised with key P1,
as well as a view of the plantations of this
Maguey in the region of Zapotitlan Salinas
Puebla where the morphological characterisation
of the present study was carried out.

Table 1
Morphological Characterisation Maguey 1

I
Qa

Plant 1 (P1), Leaves (Leaves) from 1 to 10: H1 to H10
Leaf: H1 H2 |H3 [H4 |H5 H6 |H7 |H8 [H9 |H10
idth 180 (65 |70 68 | 64|71.5 (625711 86 |74 70.2| 879
(cm):
(AHC)ho 24 [2451227 | 21 | 19|215| 18 |16 [24 [165|20.72| 3.18
cm):
(ThiC)kneSSO.G 0.55 |0.65 [0.55 (0.5 [0.62 | 0.7 (0.6 |{0.65 [0.4 |0.582|0.0864
cm

No.of |67 |56 [58 55 | 5258 61 54 57 |62 58 | 4.37
Espinas
Height 105 |1 0.4 0.5(05 0.4 04105 j0.7 |05 0.54|0.1838
|Apical
Ispines
(cm)
Plant height (cm): 89 [Plant diameter | 100 |Leaf area (cm2): | 6,052
(cm):
Color: Deep green with white |Age (years): 5
stripes

Figure 1
Maguey Pitzometl of Zapotitlan Salinas Puebla

Figure 2 plots the results of the length of
stalks of the characterised sample, constituting a
total of 100 stalks evaluated. This figure shows
the measurements of the length of the leaves of
Maguey Pitzometl, which have an average
length of 83.45 cm, with a standard deviation of
16.87 c¢cm, range of variation of 72 cm with a
minimum length of 45 cm up to a maximum
length of 117 cm, being the modal length of 72
cm, this in the Magueyes of age between 4 and 5
years.
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Figure 2
Length Measurements of the Pitzometl Maguey stalks

The average stalk width data is 21.878 cm,
a deviation of 7.204 cm, a range of stalk width
fluctuation of 32 cm with a minimum size of 5
cm and a maximum of 37 cm, with the modal
data for the width of the leaves (or stalks) of the
Pitzometl Magueyes of the Zapotitlan region
being 21, 24, 28 and 30 cm.
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Figure 3

Measurements of the width of Maguey Pitzometl stalks

Figure 4 shows the thickness of the
Maguey Pitzometl stalks studied. The average
value of the thickness of the leaves studied is
0.7473 cm, with a standard deviation of 0.1883
cm, a range of fluctuation of the thickness of the
stalk of 1.1 cm with a minimum size of 0.4 cm
and a maximum of 1.5 cm, being the modal data
of 0.9 cm with a frequency of 25 of the 100 data
analysed.
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Measurements of the Thickness of the leaves or stalks
of Maguey Pitzometl

Figure 5 shows the number of thorns per
stalk that a plant can have in a Maguey Pitzometl
of 4-5 years of growth. The number of spines
that the leaf has ranges from 44 to 11 units per
stalk, giving a range of variation of 67 spines, the
average is approximately 77 spines (out of
76.69) per stalk according to the data of the 100
leaves studied, with a standard deviation of
19.76 and modal data of 70 spines.
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Measurements of the number of spines on each leaf or
stalk of Maguey Pitzometl

The average spine height of the spines is
0.633 cm, a deviation of 0.1564 cm, a range of
fluctuation of spine height is 0. 60 cm with a
minimum size of 0.4 cm and a maximum of 1.0
cm, being the modal data of spine height of the
Magueyes Pitzometl from the Zapotitlan region
of 0.5 cm with a frequency of 33 out of the 100
analysed data.
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Figure 6

Measurement of thorn height of Maguey Pitzometl

The height of the Maguey Pitzometl has an
average value of 105.35 cm, with standard
deviation of 16.12 cm, range of 43 cm, with a
minimum height of 89 cm and maximum of 132
cm, only 2 plants coincide in a height of 90 cm.

The diameter of Maguey Pitzometl has a
mean value of 132.6 cm, with a standard
deviation of 34.7 cm, range of 82 cm, with a
minimum diameter of 96 cm and a maximum of
178 cm, only 2 plants coincide in a diameter of
100 cm.

The leaf area of Maguey Pitzometl has an
average value of 10.34 "2 with a standard
deviation of 3.81 °™2, range of 9.81 "2, with a
minimum leaf area of 5.87 °™2, and a maximum
of 15.68 °™, the leaf area data are amodal, being
a distinctive characteristic of each Maguey.

For the physical characterisation, the
percentage of moisture in the different parts of
the plant was determined: thorns, pulp, husk and
whole stalk, which gives an overview of where
the stalk concentrates more moisture. All
analyses were carried out in triplicate and the
average data are reported in Table 2.

Table 2
Moisture Percentages in Maguey Pitzometl

Part of the plantiDetermination 1{Determination 2[Determination 3 (%)% Humidity|
(%) (%)

Spine 1.0626| 2.3473 1.7803  1.7300 %

Pulp 11.1189 4.8797| 4.3593]  6.7859 %

Husk 2.1680) 1.0270] 2.3870]  1.8550 %

Stalk 2.8237 3.5621 3.0994]  3.1617 %
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The SVT content was determined, also in
thorns, pulp, peel and whole stalk, which
represent the amount of matter capable of
volatilising due to the effect of heating, related
to volatile organic compounds. The average
result of three determinations showed that the
thorn has the highest percentage of SVT with a
value of 670 746.61 g/L, followed by SVT in the
stalk with 159 926.44 g/L, peel with 149 678.70
g/L and pulp with 126 202.90 g/L.

Density, ° Brix, Electrical Conductivity
and TDS determinations were carried out on the
extract of the stalks of three different magueys,
all determinations in triplicate. The volumes of
extract obtained per stalk were 82 mL, 84 mL
and 85 mL respectively, and are shown in Figure
7. The average value of Density in the extract is
1.3589 g/mL.

Figure 7

Pitzometl Maguey Extracts

Brix is a unit of measurement that
indicates the amount of dissolved solids in a
liquid, especially sugars, and is measured by
specific gravity. One Brix degree is equivalent to
one gram of sucrose in every 100 grams of
solution. The average result determined by
Brixometer is 9.43 °Brix in maguey Pitzometl
extract, this value indicates an amount of sugars
similar to that reported in some fruits such as

papaya.

The Electrical Conductivity of the Agave
Extract was determined by potentiometer
method obtaining an average result of 2 648 mS,
a value that indicates that the evaluated solution
has a good capacity to conduct electricity and is
related to the content of salts present.
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The Total Dissolved Solids were
determined by potentiometer method and the
values were reported in parts per million (ppm).
TDS correspond to salts, organic and inorganic
matter suspended in the extract, and have an
average in the extract of 1, 735 ppm.

In the chemical characterisation, the
determination of crude fat in a sample of
complete stalk (husk, spine, pulp) was carried
out in order to determine this value in the agave
under study, and the determination was carried
out in duplicate. The percentage of fat obtained
was 5.1828 % in the whole maguey.

The potentiometric determination of the
pH value was evaluated in the extract of the
stalk, and the analysis was carried out in
triplicate. An average pH value of 4.23 was
obtained, corresponding to an acid value of the
extract.
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Conclusions

The genus Agave (scientific name of Maguey) is
endemic to America, being an important
cactaceae that has about 200 species of which
Mexico, a Megadiverse country, is home to 150
of these. In the Tehuacan-Cuicatlan Biosphere
Reserve, 15 species have been found, 8 of which
are endemic (Garcia-Mendoza,  Franco-
Martinez, 2022).

Agave has been important since pre-
Hispanic times, its versatility allows it to be used
for various purposes such as obtaining pulque, in
food, for construction and its use as fodder, and
more recently with greater presence in the
production of mezcal.
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The present work presents the
morphological characterisation by measuring the
length and width of the stalk, leaf thickness,
number of spines, height of the apical spine,
height and diameter of the plant, leaf area, colour
and layers of developed stalks, as well as its
physical and chemical characterisation of the
Maguey Pitzometl from the Zapotitlan Region,
Salinas, Puebla, which is one of the most
important reservoirs of Agave marmorata,
contributing to determine its particular
morphological, physical and chemical attributes.

When contrasting the data obtained with
the data published by Garcia-Mendoza (2018)
and Nufiez, A. et al. (2021), the following
particularities were found:

In leaf length, of the 100 leaves evaluated,
an average value of 83.45 cm was obtained,
which is less than the distance reported by
Garcia-Mendoza, (2018) who reports a length
between 100 and 130 cm and that of Nufez, A.
et al. (2021) who reports a range of 100 to 165
cm.

In the measurement of stalk width the
average data obtained is 21.878 cm coinciding
with the width range of Garcia-Mendoza, (2018)
from 20 to 30 cm and Nufiez, A. et al. (2021)
with dimensions of 20 to 32 cm.

The average spine height obtained is 0.633
cm with a deviation of 0.1564 cm, coinciding
with the range reported by Nufiez, A. et al.
(2021) from 0.5 cmto 1.3 cm.

The height of Maguey Pitzometl obtained
an average value of 105.35 cm, with a standard
deviation of 16.12 cm, a value slightly lower
than that reported by Nufiez, A. (2021) of 140 to
170 cm. Likewise, the average diameter of the
Maguey is 132.6 cm (s= 34.7 cm), a lower value
compared to the range 160 cm to 210 cm
reported by Nufiez, A. et al.(2021).

The colours reported coincide with those
observed in the study area: intense green (Nufiez,
A. et al. 2021), yellowish green, green with
glaucous bands (light green) (Garcia-Mendoza,
2018).

The results of the study carried out allow
us to distinguish the characteristics of the
Maguey Pitzometl of the Zapotitlan Salinas
Puebla Region.
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Abstract

Phenol is an important contaminant in wastewater from processing and refining plants, its
presence in ecosystems is related to the production and degradation of numerous pesticides. Their
toxic action is related to their hydrophobicity, generation of organic radicals and reactive oxygen
species, causing mutagenesis and carcinogenesis in humans and other living organisms. In this
research, an activated sludge system was studied for the treatment of wastewater with high
concentration of phenol for reuse, varying the hydraulic retention time and dissolved oxygen
concentration. The results showed the best COD removal rate (55%) and phenol biodegradation
(49%) during experiment 1V, at a wastewater dilution rate of 25% (v/v), dissolved oxygen (DO)
feed of 1.5 ppm, hydraulic retention time (HRT) of 2.81 days and organic load
(Bv=7.5kgCOD/m3d).
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Resumen

El fenol es un contaminante importante en las aguas residuales de plantas de procesamiento y
refinacion, su presencia en los ecosistemas esta relacionada con la produccion y degradacion de
numerosos pesticidas. Su accion toxica esta relacionada con su hidrofobicidad, generacién de
radicales organicos y especies reactivas de oxigeno, causando mutagénesis y carcinogénesis en
humanos y otros organismos vivos. En esta investigacion, se estudid un sistema de lodos
activados para el tratamiento de aguas residuales con alta concentracién de fenol para su
reutilizacién, variando el tiempo de retencion hidraulica y la concentracién de oxigeno disuelto.
Los resultados mostraron la mejor tasa de remocién de DQO (55%) y biodegradacion de fenol
(49%) durante el experimento IV, a una tasa de dilucion de aguas residuales de 25% (v/v),
alimentacion de oxigeno disuelto (OD) de 1.5 ppm, tiempo de retencion hidraulica (TRH) de 2.81
dias y carga organica (Bv=7.5kgDQO/m?d).
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Introduction

Water is an essential resource for all living
beings (Paz, 2014), it enables the development
of society, contributes to equitable distribution,
social justice and counteracts poverty. Its quality
is of great relevance to achieve human well-
being, sustainable development and global social
peace (Villena, 2018). However, water depletion
and pollution are the main causes of biodiversity
loss and ecosystem degradation, which, in turn,
reduce ecosystem resilience, making societies
more vulnerable to climatic and non-climatic
risks. Water quality not only affects economic
and social well-being, but also the sustainability
of vital environmental flows, ecosystems and
biodiversity (WWAP, 2017). Untreated
domestic, industrial, agricultural and livestock
wastewater discharges cause the contamination
of surface and underground water bodies,
putting the health of the population and the
integrity of ecosystems related to the water cycle
at risk. In the case of Mexico, in 2017, 2 million
tons of DBOs were generated, with industries
contributing the most organic pollutants and up
to 340% more pollution than that generated by
municipalities (CONAGUA, 2018). Of the
municipal wastewater collected in drains, 30%
does not receive any type of treatment and
according to a United Nations report on World
Water Development, 2 million tons of waste are
dumped daily into natural bodies of water (sea,
rivers, lakes, etc.), including industrial, domestic
and agricultural waste (UNESCO-ONU-Water,
2020). Among the various pollutants, there is
phenol, an organic compound widely used in the
industry for the production of agricultural
chemicals, pesticides and pesticides (Basha et
al., 2010). It is used as a component of dyes,
polymers, drugs and other organic substances in
the production processes of industries such as:
pharmaceutical, perfumery, explosives, phenolic
resins, plastics, textiles, petroleum, dyes, leather,
paper, coke ovens, tar distilleries, pesticides and
pesticides (Dargahi et al., 2014). Phenol
concentrations of 10 to 4000 mg/L have been
found in industrial wastewater. However, in
effluents from oil refineries, gas, coke, ovens,
pharmaceutical products, explosives
manufacturing, phenol and formaldehyde-based
polymeric resins, plastic and varnish, the
concentration of phenol is 500 to 2000 mg/L;
and in some cases, from 30,000 to 80,000 mg/L
(Yusoff et al., 2016).
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Its concentration range in industrial
wastewater depends on the industries that use or
produce it, which generally falls between 100 to
90,000 mg/L (Xiao et al., 2006). It is reported
that 73.3% of water bodies contain phenol due to
its infiltration, with the possibility of being
found in groundwater for human consumption
(Prakash and Behari, 2004). The United States
Environmental Protection Agency (EPA, 2015)
considered phenol as one of the 129 specific
highly toxic priority chemicals, and reported that
phenolic compounds seriously affect humans by
ingestion and by contact with the skin, with a
minimum dose of 140 mg/kg body weight to
cause death (USEPA, 2004). Exposure to phenol
or its derivatives by humans and animals causes
liver and kidney damage, deterioration of the
central nervous system, heart, kidneys, liver,
causes diarrhea and excretion of dark urine and
is easily absorbed through the skin and mucous
membranes (Wang et al., 2011). In the 1977
amendments to the Clean Water Act, water
quality criteria were established, establishing a
phenol concentration in drinking and mineral
water at 0.5 ppb, in surface wastewater
discharges of 0.5 ppm and for the sewage
system; 1 ppm (Singh et al., 2013). In Mexico, a
maximum permissible limit (MPL) was
established as a phenol concentration of 0.001
mg/L in drinking water for human consumption
(NOM-127-SSA1-1994) and 0.3 mg/L for
artificial recharge of the aquifer (NOM-014-
CONAGUA-2003). Due to its extreme toxicity
and stability, phenol persists for long periods
with a tendency to bioaccumulate, causing
considerable damage to ecosystems (Graca et al.,
2021). At concentrations of 0.5 mg/L, it is lethal
to fish and when it bioaccumulates, its long-term
effects are more serious (USEPA, 2016). In
addition to affecting agricultural soil, it inhibits
crop growth (Lee et al., 2010), making it a very
persistent and lethal compound at low
concentrations (5-25 mg/L), and at the same
time, a potential risk to human health (Almasi et
al., 2014). It is evident that at low temperatures,
it causes the pollutant to accumulate and
bioaccumulate in the environment (Zakaria et
al., 2019). Within the technologies used for their
elimination, they can be divided into three main
categories: physical, chemical and biological
treatment, while for their recovery, there is
adsorption,  ion  exchange,  extraction,
volatilization, polymerization,
electrocoagulation, advanced oxidation and ion
exchange (Almasi et al., 2014).
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Regarding biological processes, these have
a great advantage over the methods described
above, because they have little or no harmful
effect on the environment because they do not
require the use of harmful reagents, but
sometimes the use of co-substrates (Dargahi et
al.,, 2016). In this sense, the treatment of
industrial effluents with high concentrations of
phenol by activated sludge (microorganisms) is
an excellent alternative. In this way, it has been
shown that there is a common metabolic
pathway for this type of compound and even for
those not so close to the family of phenolic
compounds such as biphenyls (Autenrieth et al.,
1991), where the acclimatization of the biomass
for its biodegradation is a key factor (Terreros et
al., 2022). Various studies have been carried out
to treat phenolic wastewater, due to the great
contamination problem they represent, both for
the environment, water bodies, food and human
health (Ben-Youssef and Vazquez-Rodriguez,
2011; Elnakar et al., 2024). Based on previous
research, the present study focused on evaluating
the effect of hydraulic retention time (HRT) and
dissolved oxygen concentration (DO), on the
efficiency of phenol biodegradation and COD
removal from an industrial effluent of polymeric
resins, at different organic loading rate (Bv) by
activated sludge, in a complete mix reactor.

Methodology
Sampling of phenolic wastewater

For experiments (I to 1V), 2 batches of
wastewater from a polymeric resins industry
with a high concentration of phenol were used,
transported at 4°C for preservation and
subsequent characterization.

Sample characterization

For the characterization of raw water and
process control, the following parameters were
evaluated: Chemical oxygen demand (COD),
Total Solids (TS) and Volatile Solids (VS)
according to the standard methods (APHA,
AWWA, WPFC, 2023). The determination of
BODs was carried out according to the Mexican
Standard (NMX-AA-028-SCFI-2001). The pH
was determined using a potentiometer (Corning
pH/ion Analyzer 455). The determination of
phenol was carried out using the colorimetric
method of 4-aminoantipyrine according to the
Mexican Standard (NMX-AA-050-SCFI-2001).
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Inoculum

The biomass used was collected from an
activated sludge reactor at the “Cerro de la
Estrella” municipal wastewater treatment plant
in Mexico City, with a concentration of 12.6 g/L
of ST and 9.6 g/L of SV.

Air flow control

From standard curves of dissolved oxygen, the
concentration (mg/L) that was supplied to the
system studied was determined. For this
purpose, a portable OD equipment, model YSI,
was used with a range of 0 to 20 mg/L, working
temperature of -5 to 45 °C, 0.1% air saturation
and resolution of 0.01 mg/L, regulating the air
supply through a Dwyer brand flowmeter
manually.

Reactor operating conditions

A complete mix aerobic reactor was used, with a
design volume of 4.98 L, useful volume of 4.3 L,
dimensions: Length: 28 cm, width of 17.5 cm
and depth of 13 cm, divided into 3 sections (A,
B and C). Section “A”, where the biological
reaction takes place, Section “B” (sludge return
zone) and Section “C” (clarification zone).
Equipped with fine bubble diffusers, aquakril
brand recirculation pump and RESUN model air
pump, AC-9602, AC 110~60Hz-5 W, Pressure:
0012MPa and capacity 3.5 L/min (figure 1).
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Figure 1
Schematic of the activated sludge reactor

Table 1 shows the operating conditions of
the reactor with continuous feed flow, at the
different runs in which the experiment was
carried out.
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Table 1
Operating conditions of the activated sludge reactor

Experiment | 11 111 [\
Bv (kgCOD/m*d) | 10.9+0.04 | 8.7+0.03 | 13.1+0.01 | 7.5+0.1
HRT(day) 1.76 1.76 1.76 2.81
DO (ppm) 25 25 15 15

Bv: organic load, HRT: hydraulic retention time, DO:
dissolved oxygen

Description of the experiments

Before addressing the analysis of the results,
Table 2 presents the averages of the main
parameters evaluated in 2 batches of 10 L of
phenolic wastewater, from which the activated
sludge reactor feed was prepared during the
experiments; 1, 1, 11l and IV, which through
calibration curves, a dispersion in the data is
observed, due to the variability presented by the
phenolic wastewater during the different
sampling periods.

Table 2
Characteristics of industrial wastewater samples with
phenol

Parameter Experiment
M1, 0Ly 1D | M2 (1V)

COD (g/L) 76.99+2.85 | 84.48+0.9
BOD:s (g/L) 24.54+0.1 | 27.94+0.14
Phenol (g/L) 14.15+4.35 | 15.63£1.6
pH 6.56+0.19 | 6.65+0.14
TS (g/L) 0.32+0.2 0.25+0.1
VS (g/L) 0.19+0.1 | 0.19+0.08

M1: Wastewater from which the reactor feed was prepared
(experiments | to I11).

M2: Wastewater from which the reactor feed was prepared
(experiment V).

Table 3 shows the characteristics of the
wastewater fed to the biological reactor
throughout the study, according to the dilution
rates tested based on the concentration of COD
and phenol in the wastewater samples from the
polymeric resins industry.
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Table 3

Characteristics of the wastewater fed to the biological
reactor

Parameter Experiment

| 11 111 [\
COD(g/L) 19+0.1 15+0.1 2340.2 2140.1
BODs (g/L) | 5.9+0.08 | 4.78+0.1 | 7.39+0.1 | 7.07+0.09

Phenol (g/L) | 3.9+0.04 3.4+0.2 4.3+0.4 2.7+0.4

pH 6.71+0.08 | 6.7+0.11 6.7+0.14 6.7+0.1

TS (g/L) 0.35+0.3 0.57+0.2 0.23+0.06 | 0.21+0.16

VS (g/L) 0.21+0.15 | 0.2840.09 | 0.16+0.05 | 0.13+0.07
Results

Characteristics of phenolic wastewater after
treatment

The table 4 shows the averages of the main
parameters evaluated for the treated water under
the reactor operating conditions tested.

Table 4
General characteristics of treated wastewater (effluent)

Experiment

Parameter 0 T i v,
COD(g/L) 1245 12+1.6 15+2.9 13+3.7
Phenol 2.5+0.5 2.6+0.3 2.6+0.6 1.7+0.4
(g/L)

pH 740.12 | 7.2340.22 | 7.2740.14 | 7.2840.13
TS (g/L) 0.82+0.35 | 0.28+0.09 1.2+0.21 | 0.54+0.34
VS (g/L) 0.69+0.25 | 1.19+0.45 | 0.73+0.13 | 0.52+0.16

pH profile

Figure 2 shows the pH profile of the mixed
liquor from the activated sludge reactor. The
black diamonds represent the pH in the influent
and the grey diamonds represent the pH of the
effluent. It can be seen that during the first 16
days of operation (experiment 1), the pH of the
reactor was in the order of 7+0.12. It can be seen
that during the following days of operation
(experiments 1l to 1V), an average pH value of
7.26+£0.17 was reached; which allowed the
reactor to not present any inhibitory effect or
disturbance that affected its performance on the
biodegradation of phenol under the tested
operating conditions.
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Figure 2
pH profile of the mixed liquor from the activated sludge
reactor. Influent (¢ ) and effluent (*)

It is evident that the effects of pH are
reflected in the enzymatic activity of
microorganisms. The general ways in which pH
influences microbial activity can be summarized
as follows; 1) change in the hydrolyzable groups
of enzymes (carboxyl groups and amines) and 2)
alteration of the non-enzymatic compounds of
the system (ionization of the substrate,
denaturation of the protein structure of the
enzyme). To these effects of pH must be added
the concentration of H+ that influences the
different chemical, biochemical and biological
reactions that occur in this system. It is reported
that at extreme pH values (less than 3 or greater
than 9) it can be inhibitory for the growth of
microorganisms involved in the biodegradation
of phenol (El-Naas et al., 2009).

COD removal efficiency

Figure 3 shows the COD removal efficiency
according to the tested operating conditions
(Table 1). The black diamonds represent the
influent COD and the grey diamonds represent
the effluent COD. And it is observed that during
the first 16 days of operation at a dilution rate of
the M1 sample fed (Table 2) of 25% (v/v) with a
COD of 19+0.1 g¢/L, organic load (Bv) of
10.94+0.3 KgCOD/m*d, hydraulic retention
time (HRT) of 1.76 days and dissolved oxygen
rate (DO) of 2.5 ppm (experiment I), due to the
instability of the system due to the presence of
phenol in the wastewater, the COD removal
efficiency gradually decreased until reaching a
low removal rate (15%). For this reason, the feed
was reduced to 20% (v/v) of phenolic
wastewater to the biological reactor under the
same HRT and DO conditions (experiment Il)
with a COD of 15+0.1 g/L, and organic load of
8.7+0.03 KgCOD/m*d, which improved the
COD removal efficiency (40%).
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Based on these results, it was decided to
increase the v/v ratio of M1 to 30% (COD:
23+0.2 g/L and Bv: 13.11 KgCOD/m3d) with a
HRT similar to that of experiments | and I, but
a lower DO concentration of 1.5 ppm
(experiment 111), and a gradual decrease in the
COD removal efficiency (18%) is observed
during the last days of operation. In order not to
affect the aerobic biomass, the dilution rate of
the phenolic wastewater fed is reduced by 25%
(v/v), which represented a COD of 21+0.1 g/L
and organic load of 7.5 KgCOD/m3d,
maintaining the DO feed at 1.5 ppm, but
increasing the HRT (2.81 days), in order to give
enough time to the bacterial consortium of the
reactor against phenol as the only carbon source
and achieve a higher COD removal efficiency.
This significantly improved the COD removal
efficiency (55%), despite not having used
adsorbents within the reaction environment, the
integration of hybrid treatment methods or the
use of SBR systems (Elnakar et al., 2024).

EXPERIMENT

30 | 1 11 v

25 L
g 20
39 15
o 10 | | °
O ’ L 10% i b4 Influent

0 n=15% 180/? Effluent 55%

0 20 40 60 80 100 120

Time (days)

Figure 3
COD removal in the activated sludge reactor. Influent (
*) and effluent (*)

Biodegradation of phenol

Figure 4 shows the phenol degradation profile,
the black diamonds represent the phenol
concentration in the influent and the grey ones
represent the phenol remaining in the reactor
effluent. The operating conditions of the
activated sludge biological reactor are shown in
Table 1, and the feed medium conditions
throughout the study are shown in Table 3. It is
observed that during experiment I, at 25% (v/v)
of phenolic wastewater fed to the activated
sludge biological reactor, with a phenol
concentration of 3.9+£0.04, that during the first
14 days of operation, a phenol biodegradation
efficiency (47%) is reached, which gradually
decreases (11%).
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The decrease in the biodegradation
capacity of phenol by the aerobic biomass of the
reactor as a consequence of the toxic nature of
phenol, causes the biomass to be inhibited,
which causes its biodegradation capacity to
decrease. Based on these results, the dilution rate
is reduced by 20% (v/v) of phenolic wastewater
fed to the reactor (experiment II), with a lower
contribution of phenol by 3.4+0.2 g/L at 1.76
days of HRT and DO concentration of 2.5 ppm,
which improved the phenol biodegradation
efficiency (38%). As a result, it was decided to
increase the feed phenolic wastewater dilution
rate by 30% (v/v), which resulted in a feed
phenol concentration of 4.3+0.4 g/L (experiment
I1l) at the same HRT but different DO feed
(1.5ppm). Under these operating conditions, a
gradual decrease in the phenol biodegradation
efficiency (26%) was observed, so it was
decided to decrease the dilution rate to 25% v/v,
which represented a feed phenol concentration
of 2.7£0.4 g/L (experiment V). During this last
experimental stage, the DO supply to the
biological reactor was maintained (1.5 ppm), but
the HRT was increased (from 1.76 to 2.81 days).
These new operating conditions of the studied
system are tested for several reasons: 1) to
reduce aeration costs due to energy consumption
by the air blower by decreasing the DO flow
from 2.5 to 1.5 ppm and 2) by lengthening the
HRT, the phenol biodegradation efficiency is
probably improved by increasing the contact
time between the biomass and the substrate
(phenol as the only carbon source), once the
biomass has acclimated to the presence of
phenol throughout the experiment and 3) to
evaluate which of the two variables has the
greatest effect on the phenol biodegradation rate.
Achieving under these operating conditions of
the studied system, a significant improvement in
phenol biodegradation efficiency (49%).

This phenol removal efficiency was
achieved without the use of adsorbents within
the reaction environment or the integration of
hybrid treatment methods or the use of SBR
systems, in which phenol removal efficiency is
substantially improved by strengthening the
ability of microbial communities to withstand
high phenol levels ranging from 1000 to 2000
mg/L, with removal efficiencies exceeding 90%
and in many cases reaching 100% (Elnakar et al.,
2024), with the use of immobilized bioreactors
(Ren et al., 2024), or by using pure oxygen
during aeration to significantly reduce the
formation of soluble microbial products to
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enhance the biological treatment of toxic phenol-
containing industrial wastewater (Sun et al.,
2024).

To achieve adequate biodegradation
efficiency of phenol from industrial wastewater
through biological processes, it is recommended
to acclimatize the biomass of the biological
reactor to the toxic compound to be biodegraded
(Ba et al., 2014; Terreros et al., 2022). Under
aerobic respiration conditions, phenol can be
converted into a harmless compound (Ahmed et
al., 2012).

EXPERIMENT
"

v

¢ Influent
& Effluent

5.0

J40

Phenol (g/
w
o

N
o

10 11106 389 26%
004t - . . .
0 20 40 60 80 100 120
Time (days)

Figure 4
Phenol biodegradation profile in the activated sludge
reactor. Influent () and effluent (*)

Conclusions

Based on this contribution, new studies can be
carried out testing higher organic loading rates
in order to find the best operating conditions for
the fully mixed activated sludge reactor that
allow achieving the maximum rate of phenol
removal from industrial wastewater and,
consequently, producing treated water of quality
for reuse, mitigating as far as possible its effects
on environmental pollution, damage to human
health, biodiversity and ecosystems.

With this research work, we undoubtedly
contribute to strengthening and advancing the
field of scientific research on water resources, in
the generation of new knowledge on sanitation
and in solving real problems of environmental
pollution due to industrial discharges highly
contaminated by chemical compounds of this
nature.
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Abstract

This research focuses on the development of a prototype machine to determine the thermal
conductivity of insulating materials made from agroforestry residues and PET, following
the ASTM C177 standard for the protected hot plate method. The study raises awareness
of the importance of sustainable insulating materials as alternatives to conventional
petroleum-based options. The prototype design incorporates a hot plate with heating
elements, cold plates with peltier cells for cooling, and temperature sensors for data
collection. The research provides a detailed description of the design process, material
selection criteria based on their thermal properties, and construction phases. The results
show the potential of the prototype in measuring the thermal conductivity of agroforestry
residues and PET as sustainable insulating materials.
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Resumen

Esta investigacion se centra en el desarrollo de una maquina prototipo para determinar la
conductividad térmica de materiales aislantes elaborados a partir de residuos agroforestales y
PET, siguiendo la norma ASTM C177 del método de placa caliente protegida. El estudio crea
conciencia sobre la importancia de los materiales aislantes sostenibles como alternativas a las
opciones convencionales basadas en petréleo. El disefio del prototipo incorpora una placa caliente
con elementos calefactores, placas frias con celdas peltier para refrigeracion y sensores de
temperatura para recopilacién de datos. La investigacion proporciona una descripcion detallada
del proceso de disefio, criterios de seleccién de materiales en funcién de sus propiedades térmicas
y fases de construccion. Los resultados exponen el potencial del prototipo en la medicién de
conductividad térmica de los residuos agroforestales y el PET como materiales aislantes
sostenibles.
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Introduction

Heat transfer is transmitted in three forms:
conduction,  convection and  radiation.
Conduction is a process where one system gives
up heat to another system of lower temperature
and both systems must be in direct contact, the
rate of heat transfer will depend on the type of
material, the thickness of the material and the
temperature difference, Fourier's law governs
this type of transfer and is described as:

[1]

Thermal conductivity is a variable that
expresses the ability of a material to transfer
heat, as it depends on the material thickness per
unit area and the temperature differential, it is an
important parameter for characterising heat
transfer properties and internal temperature
distribution, it provides a basis for evaluating the
thermal insulation properties of materials and is
expressed as k [=] W/m°C (Cengel, 2011; Lu et
al., 2020). Determining the thermal conductivity
of a material is fundamental in many areas of
science and technology, as well as in industry.
Understanding how materials conduct heat is
essential for the design of heating, cooling and
thermal insulation systems, as well as for the
development of advanced materials in fields
such as materials engineering, electronics and
construction (Qasem et al., 2023).

There are different methods to measure
thermal conductivity such as steady state and
transient methods, steady state methods measure
the heat flow rate within the sample and the
temperature gradient between sample interfaces,
these have high accuracy if the size of the
specimens is carefully controlled (Jin et al.,
2017). Among the methods used to measure the
thermal conductivity of materials is the hot plate
method, which is notable for its accuracy and
ease of adaptation, this procedure provides an
effective way to determine how a material
transfers heat across plates, allowing the
assessment of its ability to conduct heat under
specific conditions (Velasco et al., 2016).

A thermal insulator prevents energy
exchanges with the external environment, when
produced from renewable resources they have
the advantage of biodegradability and low
thermal conductivity.
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The most commonly used insulating
materials are extruded polystyrene, glass wool
and polyurethane foam, which are derived from
petroleum and generate a high emission of
harmful gases in their production, which are
detrimental to air quality and contribute to
increasing greenhouse gases. The material to be
measured will be created from agroforestry
waste with PET, so both agricultural and forestry
waste and plastic waste will be reused (Véjelis,
2024).

Thermochemical tests on materials require
specialised equipment for the determination of
thermal conductivity, in order to promote
ecological projects, the idea arises to design and
create a low-cost thermal conductivity
measuring device, compared to specialised
machines, which provides similar readings and
serves to determine materials that do not have a
previous record. Also to provide an alternative
use for agroforestry and PET waste generated in
the municipality of Perote, Veracruz. This work
examines the hot plate method, from the
principle of operation, design and construction
of a prototype machine that determines the
thermal conductivity of materials that suggest
being insulators made from agroforestry waste
and PET using the hot plate method.

Methodology

The prototype hot plate measurement machine
was built based on the recommendations of
ASTM Standard C-177-13. The standard
addresses all aspects to be considered when
manufacturing a thermal conductivity measuring
machine, from the characteristics of the material
in the plates, the types of sensors, the dimensions
of the equipment and  construction
recommendations.

- Determining the materials to be used

The selection of materials for the
construction of the prototype is of vital
importance, so it was based on the ASTM-C-177
Standard to have an optimal performance of the
equipment, the plates of the equipment are made
of aluminium .

- Design of the prototype in SolidWorks
program.

The design for its construction was carried
out in the SolidWorks program.

Ortiz-Rodriguez, Lilia, Sanchez -Pachuca, Alejandro and
Cuevas-Suérez, Carlos. [2024]. Prototype for thermal
conductivity measurement of materials made in forest agro-
residue. Journal of Chemical and Physical Energy. 11[30]-1-8:
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- Materials of the equipment

After the design was completed, the
materials were purchased.

- Construction of the metallic structure

The construction of the equipment was
carried out based on the computerised design,
and the whole metal structure was built.

- Installation of electronic components

The installation of the electronic
components, temperature regulators, type K
thermocouples, electrical resistors, Peltier cells,
cooling systems, among others, was carried out.

- Installation and development of the
temperature recording programme.

To have a temperature control is of vital
importance inside the equipment, for it was
made the programming that controls the
thermocouples type K, according to the norm
ASTM- C-177, in consequence the temperatures
of the plates are registered, the measurements of
the thermocouples are reflected in some screens
oled by means of the plates of Arduino installed
in the prototype.

Results

In the following table 1, the basic characteristics
of the prototype are specified.

Table 1
Physical specifications of the prototype

Cooling system material Aluminium plate
Cooling system | 30 x 30 cm cal. 16
specifications
Cooling system components | Peltier cells with cooling
system
Temperature control system | Digital PID temperature
controllers
Temperature recording | Arduino one
system
Hot plate material
Hot plate specifications
Structural materials

Aluminium

30 x30cmcal. 16

1 x 1/8 in. angle 1/8 x % in.
plate sill plate

Type of temperature sensors | Type K thermocouples

Type of heat source on hot | 120 W flat heaters

plate

Source: own elaboration
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The design is based on the specifications
of the ASTM-C-177 Standard, the protected hot
plate method, consists of an aluminium plate
with resistors which will supply heat, to
determine the thermal conductivity of the
material and the other surface of both samples
will be placed plates with the same material with
the difference that they will have an integrated
cooling system based on Peltier cells. The
system consists of a Peltier cell, the operation of
this system is that one side of the cell is heated
and the other side of the surface is cooled so the
cold side will be placed on the aluminium plate
and the hot side will be placed a heat sink to
avoid overloading the cell. Figure 1 below shows
a representative layout of the components:

INSULATION
COLD PLATE

SAMPLE

HOT PLATE

AN AN

INSULATION
NOILVINSNI

SAMPLE

COLD PLATE
INSULATION

Figure 1
Components of the protected hot plate prototype
Source: Own elaboration

The components of the cold plate is an
aluminium sheet of 30 cm x 30 cm, 16 gauge
(.52 mm). The thickness selected was
considered in accordance with ASTM-C-177,
which mentions that its selection will depend on
the dimensions of the prototype and the heat
dissipation stability. A thickness should be
selected that does not impair the responsiveness
due to the time it takes for the material to reach
thermal equilibrium, but it should not be too thin
either, as this generates temperature losses at the
edges of the material. On the other hand, the
construction of the heating plate is one of the
main elements to determine the thermal
conductivity of a material, among the elements
that compose it are heating resistors. In the case
of this particular design, five resistors with a
power of 120 W fed with 110 VA were
incorporated, and their distribution is described
in figure 2.
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The yellow line shown in the illustration
represents the space that is created from a
requirement of the ASTM-C-177 Standard in the
hot plate assembly section, which indicates the
space on the plate where there must be a
separation between the measurement area
marked as the central box, with respect to the
guard area in this case the box that ends up
generating the entire plate.

Wi o

|
—

RESISTORS

Iy
i

SEPARATION L[ |
l

Figure 2

Heating plate layout
Source: Own elaboration

The importance of maintaining a constant
temperature  throughout the temperature
measurement process is paramount so the design
has a thermal protection to the side of the
prototype, insulated with refractory ceramic
fiber, this insulation is placed by the 4 sides of
the prototype including both the base where the
lower cold plate sits as the upper cold plate, this
part of the design was considered based on the
specifications of the ASTM- C-177 Standard in
the section of insulation on the edges. On the
other hand, the authors Duc et al., 2021
demonstrated that the effect of elevated
temperature can increase the thermal
conductivity by the heat transfer mechanism.

Then, figure 3 shows the placement of the
plates for the realisation of a prototype machine
to measure the thermal conductivity of a
homogeneous material, according to the ASTM-
C-177 standard of the hot plate measurement
method with guard. This standard mentions all
the necessary specifications for an optimal
construction of the prototype.
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COLD PLATE
UPPER
ASSEMBLY

HOT PLATE SAMPLE

COLD PLATE
LOWER
ASSEMBLY

Figure 3
Location of the plates

Source: Own elaboration

To obtain a more comprehensive analysis
of the heat transfer in each of the plates, K-type
sensors were placed, one was placed on the side
of the plate and the second in a central part
between the resistors in the case of the hot plate
and in the cold plate between the Peltier cell and
the side of the plate.

Figure 4

Max6675 Modules
Source: Own elaboration

Libraries were used for the Max6675
modules, for the K-type thermocouples and for
the 32 x 128 Oled screens. The code
development has a register of three sensors per
Arduino which project the temperatures on an
oled screen with the number of the sensor and
the temperature that it is capturing at that
moment. The code was selected by the number
of sensors to have an organisation within the
code this was created to have a control of the
measurement tests and errors that the code could
have and consequently be corrected quickly and
efficiently.
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Figure 5

Code and programming test for thermocouples
Source: Own elaboration

For the tests, five flat resistors with a
power of 150W were used, the resistors were
connected in series so the power decreased due
to their connection. Ohm's law is used to obtain
the values that are recorded in the proteus
simulator:

Box 7

R1 R2 I R3
. R4 RS

oy R

Figure 6
Proteus hot plate electrical circuit
Source: Own elaboration

When all the desired values are obtained,
the power of each of the resistors is calculated:

Pr = (Rind)(I) [2]
Pr = (20.32 2)(1.254) [3]
Pr =31.75W

The whole circuit has a power of 150 W,
but due to its series connection, it limits the
resistors and they generate a power of 31.75 W,
so the temperature is the limit of that power for
the calculations.

Here is the formula to obtain the thermal
conductivity of any material:

0=KaT [4]
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Thermal conductivity is cleared:

QL
"~ AAT [5]
Other authors such as Lu et al., 2023, in
order to verify the accuracy of the simulation
results, analysed the theoretical calculation of
thermal conductivity, so in this work we also
show in table 2 the results of the experimental
confirmation of tests on a material with known
thermal conductivity such as drywall, and the
measurements of three specimens of the same
material and the same thickness:

Table 2
Efficiency of the prototype machine

Thermal Test 1 Test 2 Test 3
conductivi
ty of
drywall
0,1005 W/ 0.1650 0.1190 0.0950
m- K W/m*K W/m*K W/m*K

Difference of the value of k
+0.0645W/m  +0.0185W/m -
0.0055W/m

*K *K
*K
Efficiency
60.90% 84.45% 94.52%

Source: own elaboration

The reults validate the proposed method.
There are different designs for the construction
of a thermal conductivity prototype, each of
them focused on obtaining optimum
performance. Table 3 shows some prototypes for
the measurement of thermal conductivity.

Table 3
Comparative table of other prototypes

PROTOTYPE CHARACTERISTICS AUTHOR
Experimental Prototype insulated in a | Diez, 2007
determination of the | chamber with insulating
thermal conductivity | material.

of construction

materials.

Design and | Cooling system by means Bolivar,
construction of a test | of a coil and measuring 2019
bench for measuring | system with measuring

the thermal | zone.

conductivity of

insulating materials.

Equipment for | Equipment referred to as a | Torres, 2016
measuring the thermal | hot box with guard

conductivity of

building  materials:
hot plate and hot box

with guard

Source: own elaboration
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However, the cold plate system in this
project is made up of a Peltier cell which is a
change in terms of the different designs made,
each of them uses a thermal system based on a
copper coil to dissipate heat, and the type of
insulation used in each of them is different, so in
terms of project innovation the change in the
cold plates and the insulation system is present.
Férriz et al., 2007 concluded during the
calibration of a thermal conductivity
measurement prototype using the hot plate
method, that in order to maintain the insulation
of the equipment in the measurement plane (X, y)
it must be as high as possible, because the
measurement accuracy of the device depends
directly on this.

The final prototype is shown in figure 7:

Box

Figure 7

Final prototype
Source: Own Elaboration

Conclusions

This prototype aims to measure thermal
conductivity for the creation of thermal
insulation materials as a sustainable alternative
to conventional materials, which are often
derived from petroleum and have a negative
environmental impact. The use of these wastes
promotes the reuse of materials and the
reduction of the use of non-renewable resources.
The design and creation of a prototype machine
based on the hot plate method to determine the
thermal conductivity of materials represents a
significant step towards the optimisation of
thermal efficiency in various products, in this
case the creation of thermal insulators.
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The design of a machine to determine
thermal conductivity will provide university
institutions with  efficient and low-cost
equipment, allowing students to carry out
practical experiments that complement their
theoretical training, giving them a deeper
understanding of the concepts and phenomena
related to heat transfer.

Recommendations

The type of sensor system can be modified, as
more specialised equipment is available for this
type of project, which can record temperatures
more efficiently.

Finally, create a more efficient system for
entering the materials to be measured in the
prototype, as the design carried out in this
project does not have easy access to enter the
materials.
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Abstract

This research project aims to evaluate physical-chemical
parameters of water treatment in a plant in which the water
decaffeination method is used. Daily physical-chemical analyzes
will be carried out on each piece of equipment in the company's
laboratory, where it will be identified whether the water is in
optimal conditions to guarantee the appropriate quality of the
steam used in the decaffeination process; It is of utmost
importance that each piece of equipment within the water
treatment system undergoes an analysis; these analysis methods
are a fundamental tool to define the physical and chemical
quality of the water. Based on the results of the analysis of the
physical (pH and conductivity) and chemical (alkalinity,
phosphates PO4, chlorides CL- and hardness) state of the water
examined over a period of two months The content of this work
describes the procedures to carry out measurements and
determinations of the physical and chemical properties of water
samples, through the use of exact quantities of the reagents and
solutions in order to obtain calculations in the established ranges,
as well as the implementation of a work control on the
management of water samples.

Quality, Safety, decaffeination, procedures

Resumen

En el presente proyecto de investigacion se pretende evaluar
pardmetros fisico-quimicos al tratamiento de aguas en planta en
la cual se utiliza el método de descafeinizacion por agua. Se
realizardn analisis fisico-quimicos diarios de cada equipo en el
laboratorio de la empresa, donde se identificara si el agua se
encuentra en Optimas condiciones de garantizar la calidad
apropiada al vapor utilizado en el proceso de descafeinizacion;
es de suma importancia que cada equipo dentro del sistema de
tratamiento de aguas se le realice un analisis, estos métodos de
analisis son una herramienta fundamental para definir la calidad
fisica y quimica del agua. Con base en los resultados del anélisis
del estado fisico (pH y conductividad) y quimico (alcalinidad,
fosfatos PO4, cloruros CL-y dureza) del agua examinada durante
un periodo de dos meses. El contenido de este trabajo describe
los procedimientos para realizar mediciones y determinaciones
de las propiedades fisicas y quimicas de muestras de agua,
mediante la utilizacion de cantidades exactas de los reactivos y
de las soluciones con la finalidad de obtener célculos en los
rangos establecidos, asi como la implementacion de un control
de trabajo sobre el manejo de muestras de agua.

Calidad, Inocuidad, descafeinizacion , procedimientos
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Introduction

The aim of this work is to evaluate the physical-
chemical parameters of water treatment in the
production plant, in  which the water
decaffeination method is used.  Physical-
chemical analyses are carried out in the
company's laboratory to identify whether the
water is in optimum conditions to guarantee the
appropriate quality for the steam used in the
decaffeination process.

It is extremely important that each piece
of equipment in the water treatment system
undergoes an analysis; these methods of analysis
are a fundamental tool for defining the physical
and chemical quality of the water, as well as
checking that it complies with the specifications
established in the current regulations;
knowledge of the correct procedure for these
techniques is important for the analysis of the
physical-chemical characteristics of the water.

The content of this work describes the
procedures to carry out measurements and
determinations of the physical and chemical
properties of water samples, using exact
quantities of reagents and solutions in order to
obtain calculations within the established ranges,
as well as the implementation of a work control
on the handling of water samples.

The company is located in the central
zone of the state of Veracruz, it is dedicated to
the production line of decaffeinated coffee, to
carry out the process there are two methods for
the extraction of caffeine: water method and
chemical method, both processes use steam in
different stages, so it has various equipment for
the production of steam and other equipment that
make up the cooling system of which is required
to follow up points to avoid failures in the
process.

ISSN: 2410-3934
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved

Methodology

Water Method

Y

» Controlled ( Th 3
pressure steam =
is  used to Caffeine extraction are dried
pregare b the féig:él a2
;;)iose eaxtls -Caffeine i triple  drying
T extracted using a system.

' saturated ~ water- =The coffee is

'? 'l'th%lps ﬂg" based solution. polished  to
e?:galc::ign 0‘;; - As well as soluble leave the
caffeine coffee solids under finished

: flow, temperature, product.
PRE. pressure and
Steam and/or water VaCl(;l_l];ﬂ
treatment \_ conditions. J Secado
A —
S~

Figure 1 Water decaffeination method

This process starts with a detailed
physico-chemical analysis to determine the
optimal extraction conditions, and then the
decaffeination process follows the following
steps:

Water Treatment

The water treatment in the plant has two
important purposes: 1) to produce steam, which
is used for the decaffeination process, 2) for the
cooling water system, which is intended for the
water to be reintroduced back into silver. Pre-
treatment is necessary before it can be disposed
of or reintroduced into the supply network.

These treatments involve a series of
specific processes and equipment. Wastewater is
water that comes from post-industrial processes;
that is, water that has been used in the different
manufacturing,  production or industrial
management systems and that needs to be
previously treated in order to be disposed of, so
that it can be suitable for placement in the
respective discharge networks, treatment plants
or natural systems, such as lakes, rivers,
reservoirs, etc. (Da Camara, Hernandez, & Paz,
2014).
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Steam generation

| TRATAMIENTO DE AGUA PARA GENERAR VAPOR I

Aguacruda Agua Suavizada l
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. Tanque de
Alimentacion
— ‘—
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Caldera 500

Figure 1 Design of water treatment system for steam
generation

In order to generate steam the following
equipment and supplies are required; raw water,
softeners 1,2 and 3, storage tank and boiler 500.

Raw water

Raw water is understood as water that contains a
high level of minerals, in particular magnesium
and calcium salts. In general, hard water is not
harmful to health, but it causes damage to piping,
boilers, cooling towers, among other equipment
(Quiroz, 2023). Treating the water before using
it for steam generation aims to protect the
equipment against corrosion and scaling, as well
as premature wear of the equipment.

Water Softener

When hard water enters the water softener
system, ion exchange occurs. Hardness, calcium
and magnesium ions are exchanged with sodium
ions, leaving fresh water. A water softener is a
system that passes hard water through a bed of
ion exchange resins, resulting in softened water
at the outlet. They are specifically ion
exchangers that remove hardness ions, mainly
calcium Ca+2 and magnesium Mg+2, which are
exchanged for sodium ions. That is, reducing
hardness by replacing magnesium and calcium
(Mg+2 and Ca+2) with sodium or potassium
ions (Na+ and K+) (Garcia, 2023).
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Softening has three processes

lon exchange

- - It passes through a resin that
E}rgcs;iiur\r/]vater ECLTE captures calcium (Ca) ions and

g. : . releases sodium (Na) ions.
Sodium prevents scaling. )

Decalcification

Once the water has passed through the resin bed, it returns to the top of
the containment column.

Regeneration

It is regenerated with a saline solution resulting from the mixing and/or
homogenisation of Hidrosal (special salt for regeneration of cationic ion
exchange resins) and water.

Figure 3 The three processes of a water softener

The process diagram shows the three
processes in a softener. (Garcia, 2023)

Feed tank

The condensate tank or water feed tank for
boilers is a very important piece of equipment in
the steam generation process, as it stores the
make-up water required by the boiler and
collects the condensate so that the steam circuit
can be completed (Gomez & Velazquez, 2017).

Condensate is the liquid that forms when
steam changes from its natural state to a liquid
state and is the result of the transfer by the steam
of part of its thermal energy, which is called
latent heat. This latent heat is the energy needed
to transform water into steam, which is also
called the heat of vaporisation. By absorbing the
latent heat, the water becomes steam, and when
released, the steam returns to water at a high
temperature (condensate).

When the steam condenses, the
temperature of the condensate is the same as that
of the steam because only the latent heat has
been lost and the full amount of sensible heat
remains. This condition is known as "saturated
water". Not to waste, but to recover and reuse as
much of this sensible heat as possible is one of
the main reasons for condensate recovery
(Vallejos, 2019).
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Water Cooling System

In this system there is heat exchange between the
process and the coolant, they are open or closed
circuits, in the first one, the coolant is in contact
with the environment and in the second one it is
in contact with the environment through tubes,
the final temperature will depend on the cooling
system and the temperature of the coolant. It is
important that the cooling systems are used in
suitable conditions, so that there is no corrosion
of metals, impurities in the water, contamination
of the coolant, etc. microbiological or fouling
(Intersam, 2020).
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Figure 4 Cooling Water System
Own Source

Cooling tower

Cooling towers are equipment used to cool water
in large volumes, extracting heat from the water
by evaporation or conduction, such evaporation
being stimulated by a stream of air and
atomisation of the recirculated water.

The cooling of the water in a cooling
tower is based on the combined transfer of mass
and heat to the air circulating inside the tower,
the water always enters from the top and is
distributed in such a way as to establish the best
possible contact with the atmospheric air rising
from the bottom of the tower (increasing the
water area/volume ratio), To achieve this effect,
the water is sprayed and evenly distributed with
the help of sprinklers or sprayers on a packing
whose function is to increase the residence time
of the water and to increase the contact surface
between the water and the ambient air ascending
the tower.

The heat and mass transfer mechanisms
that occur here will be detailed later in the
section on ‘Mass Transfer and Evaporative
Cooling’.
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York tank

The york tank, operating as a closed system,
achieves the cooling effect by taking heat from
the cooled liquid, at temperatures below 4°C,
water from the cooling towers that cools the
condenser, which is in turn cooled by air forced
by a fan or by water from the cooling tower.

Physico-chemical analysis of the water
treatment

For the characterisation of wastewater,
analytical methods are used, such as quantitative
analysis methods, for the precise determination
of the chemical composition of the wastewater,
as well as qualitative analysis for the knowledge
of the physical and biological characteristics,
quantitative methods can be gravimetric,
volumetric or physicochemical, the latter are
used to determine parameters not related to the
mass or volumetric properties of the water (Da
Camara et al, 2014).

Under Mexican Standard NMX-AA-
115-SCFI-2015, in charge of water analysis-
General criteria for quality control of analytical
results-(cancels NMX-AA-1105-SCFI-2001),
states that this Mexican standard establishes the
general criteria for analytical quality control,
within and between laboratories, to ensure the
production of results with a known level of
accuracy, in water analysis, it is applicable to
chemical and physicochemical analysis of all
types of water.

It is of utmost importance to perform
physicochemical analysis of water treatment,
specifically to each of the equipment, to monitor
water quality, if this is in optimal conditions, it
is necessary to previously review the parameters
that determine its quality, the parameters that are
evaluated in the laboratory of the company are:
a) physical: pH and conductivity, b) chemical:
alkalinity (levels of phenolphthalein, methyl
orange, COsand OH), chlorides, phosphates and
hardness.
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Physical parameters:
pH

The Mexican Standard NMX-AA-008-SCFI-
2016 defines that the measurement of the pH of
water is very important for many sample types,
it is important for the effective operation of
water treatment processes and their control (e.g.
flocculation and chlorine disinfection), the
control of dissolution of metals in canals and
conduits and biological wastewater treatment
and wastewater discharges.

Conductivity

The validity of Mexican Standard NMX-AA-
093-SCFI-2018,  states  that  electrical
conductivity is a measure of the current
conducted by ions present in water (second type
conductor phenomenon), and depends on: the
concentration of the ions, the nature of the ions
and the temperature of the solution, as well as
defining that electrical conductivity, for water
quality analysis, is expressed as ‘electronic
conductivity’ and can be used as a measure of
the concentration of ionisable solutes present in
the sample, is expressed in the units of siemens
per metre (S/m) or equivalent units such as
microsiemens per centimetre (US/ cm).

Chemical Parameters
Alkalinity

The Mexican Standard NMX-AA-036-SCFI-
2001, states that alkalinity refers to the presence
of substances that are hydrolysable in water and
that as a hydrolysis product generate the
hydroxyl ion (°"), such as strong bases, and
hydroxides of alkaline earth metals; carbonates
and phosphates also contribute significantly to
alkalinity.

Phenolphthalein

Phenolphthalein is an organic compound with
the formula cooni404 widely used as a pH
indicator, a pH indicator is a substance that
changes colour depending on the pH of the
solution in which it is found, phenolphthalein is
colourless at pH values below 9, while at values
above 10,5 it has a very characteristic purple or
magenta colour.
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Since a concrete that has not been
carbonated has a pH of 12.5 or higher, whereas
if it is carbonated the pH value drops to values
below 9, the use of phenolphthalein is visually
very appropriate to check this process.

Methyl orange

Methyl orange is an azo compound, a pH
indicator, due to the clarity of the colour change
that occurs. At pH values below 3,1 methyl
orange has a reddish colour, whereas at pH
values close to 4,4 the colour is yellowish
orange.

COsz and OH

Hydroxide ions (°), bicarbonate ions (ncos’)
and carbonate ions (cos®) contribute to the
alkalinity of water. The alkalinity present in
water is measured by titration with a titration
solution and depends on the concentration of
hydroxyl (OH-), carbonate (cos) and
bicarbonate (Hcos) ions.

Chlorides

According to the Mexican Standard NMX-AA-
073-SCFI1-2001, it defines that the chloride ion
is one of the inorganic ions found in greater
quantities in natural, waste and treated waste
water, its presence is necessary in drinking
water, in potable water, the salty taste produced
by the concentration of chlorides is variable, in
some waters containing 25 mg ClI- /L the salty
taste can be detected if the cation is sodium. On
the other hand, it may be absent in waters
containing up to 1 g ClI- /L when the predominant
cations are calcium and magnesium.

Phosphates

Based on the Mexican Standard NMX-AA-029-
SCFI-2001, it is stated that phosphorus is
generally found in natural, waste and treated
waste waters as phosphates, these are classified
as orthophosphates, condensed phosphates and
organophosphate compounds, these forms of
phosphates come from a large number of
sources, such as cleaning products, fertilisers,
biological processes, etc.., Phosphorus is an
essential nutrient for the growth of organisms, so
the discharge of phosphates into water bodies
can stimulate the growth of photosynthetic
macro- and micro-organisms in harmful
amounts.
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The water samples from plant 1 that are
analysed in the laboratory of the different
equipment mentioned above, the following
should be taken into account:

1. When the sample is taken, it is important
that the container is washed two or three
times with the water to be collected.

2. The sample corresponds to a 1L
container, so that it can be easily
transported and handled in the
laboratory.

3. Each sample container must be labelled
with the following information: Plant
number, team name, date and
corresponding shift.

4, It is important to make a record of all the
samples collected and to identify that
each container has its corresponding
label. The information in the record must
include the following: name of the
person delivering and receiving, date,
time, name of the team and signature.

5. At the end of the analysis, the sample
will have an ID, corresponding to the
data in the register and the results
obtained.

6. In the conservation of the sample,
whether for registration or for any other
observation, it must be kept at the lowest
possible temperature, so as not to alter
chemical or organoleptic changes that
may occur after the sample has been
taken.

7. Samples shall be analysed after delivery
to the laboratory.

Results

The project ‘Physical-chemical analysis of the
water treatment system for obtaining steam
applied in the decaffeinated coffee process’, the
information identified are results obtained from
two months and processed in the company's
laboratory, were carried out in order to evaluate
the physical-chemical parameters of the water
samples of the equipment used in water
treatment, to monitor whether the results were
within the appropriate parameters, as well as
ensuring the quality of the water network within
the company. The physical-chemical analyses
carried out on the equipment are: pH,
conductivity,  alkalinity  (phenolphthalein,
methyl orange, carbonates (cos) and ©f
hydroxides), chlorides, phosphates and total
hardness.
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As for the analysis of the physical and
chemical parameters in the water treatment for
obtaining steam, acceptable results were
obtained, where raw water and equipment
(softeners, feed tank and boiler) were kept within
their specific ranges, except for a 3.3%
deviation, where the alkalinity of the boiler was
raised above its normal parameters, but
recovering its stability immediately, according
to the monitoring carried out, most of the
optimum parameters are met in each of the
equipment.

With regard to the analysis of the
physical and chemical parameters in the water
treatment for the cold water system, in the
monitoring of the equipment (cooling towers
1,2,3 and 4 and york tank), the results obtained
show that the water system complies with its
established  parameters, however, it is
demonstrated that the equipment complies with
its good operation.

Conclusions

With all the above mentioned, it can be
concluded that the water monitoring system is in
good working order for the treatment of the
supplied drinking water network, and that a more
specific record will be kept for each of the
samples, thus supporting the control of the
monitoring of the water treatment system of the
company's drinking water network.

Annexes
Method: Titration with sulphuric acid
Technique:

1. From the beaker containing the water
sample, measure 50 ml with the
measuring cylinder and pour into the
conical flask.

2. Add three drops of phenolphthalein
indicator solution; if a pink colour is
present, proceed to titrate.

3. Titrate with 0.1 N H2SO4 until the colour
disappears, record the millilitres spent in
alkalinity to phenolphthalein.

4. Two drops of methyl orange indicator
solution are added to the flask.

5. Titrate with 0.1 N H2SO4 yellow to
cinnamon, record the millilitres spent in
alkalinity with methyl orange.
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6. Total alkalinity calculations are carried
out for CO3 and OH.

Figure 6 Process for obtaining alkalinity
Own Source

Obtaining results
A Phenolphthalein

FENOLTALEINA = ml spent (Sulphuric Ac.) X
100

Result of Phenolphthalein

B. Methyl Orange

N.DE METILO =
(ml gastados (Ac. Sulfurico) x 100) +
(R.de Fenolftaleina)

Equipment and

Materials Reactives

Water sample with alkalinity
measurement

Silver nitrate (AgNO3)
Potassium chromate (K2S04)

250ml  Erlenmeyer
flask
Burette of 25ml

Methyl orange result
C. OH

OH = 2F — NM
Hydroxides Result
D. CO:s.

CO3 = NM — OH

Carbonate Result
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Method: Silver Nitrate Titration

Technique:

1. Start after you have finished measuring
the alkalinity.

2. To the sample you already have, add

what comes out of the dropper of
potassium chromate (K2SO4), and move
it in a circular motion.

3. The burette is filled with 25 ml of silver
nitrate (AgNO3).

4. 4. The sample is titrated, turning from
yellow to red.

5. The result is obtained by recording the
millilitres used.

6. The sample from the flask is discarded.

Getting results:
CL™ = ml spent (AgNO3) — 0.2 X 70

Equation 6. Chloride result

Hardness
Method: EDTA titration.

Technique:

1. Prepare the eriochrome black indicator
T, weigh 0.1 g of eriochrome black
indicator T and add 99 g of sodium
chloride on the analytical balance, grind
in the mortar until a homogeneous
mixture is formed, store in an amber
flask.

2. Measure 50 ml of sample with the
measuring cylinder and pour it into the
conical flask.
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3. Add three drops of Buffer for hardness
and half a spoon of Eriochrome
compound, if the sample turns blue there
is no hardness, but if it turns pink,
proceed to titration.

4, Titrate with EDTA until the sample turns
blue, and record the millilitres used.

Obtaining results:
Total hardness = ml spent X 40

Equation 7. Result for Hardness

Titular con
EDTA

=
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Abstract

In the present work, the adsorption of chitosan on PLGA-CLT-
NPs was studied with the aim of promoting the mucoadhesive
properties of these biodegradable nanoparticles in vaginal tissue.
The nanoparticles were prepared with the diffusion
emulsification technique. The nanoparticles obtained were
resuspended in deionized water, to suspend the nanoparticles in
different amounts of chitosan. The Z potential and particle size
distribution were determined. The amount of desorbed chitosan
was determined through a reaction with the ninhydrin reagent. A
good correlation (r? >0.94) was obtained with the Freundlich,
Halsey, Henderson and Smith models; these results indicate that
the adsorption of chitosan is through the formation of
multilayers. The maximum amount of chitosan adsorbed on
PLGA-CLT-NPs was achieved with the addition of 28 mg of

chitosan (CTS).
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Resumen

En el presente trabajo se estudio la adsorcion de quitosan en
PLGA-CLT-NPs con la finalidad de promover las propiedades
mucoadhesivas de estas nanoparticulas biodegradables en tejido
vaginal. Las nanoparticulas se prepararon con la técnica de
emulsificacion difusién. Las nanoparticulas obtenidas se
resuspendieron en agua desionizada, para suspender las
nanoparticulas en cantidades diferentes de quitosan. Se
determiné el potencial Z y distribucion del tamafio de particula.
Se determind la cantidad de quitosan desorbido a través de una
reaccion con el reactivo de ninhidrina. Se obtuvo una buena
correlacion (r? >0.94) con los modelos de Freundlich, Halsey,
Henderson y Smith, estos resultados indican que la adsorcidn del
quitosan es a través de la formacion de multicapas. La maxima
cantidad de quitosan adsorbida en PLGA-CLT-NPs se alcanz6
con la adicion de 28 mg de quitosan (CTS).

4 |

, &

Tamann de particula
. } ﬁm } - ¥ potencial Z w lz
#Langmuir, *
Nanoparticulas Quitosin »BET *
PLGA-CLT

#Freundclich
#Halsey
#Henderson
# Smith

® Clotrimazol

Quitosin
W PLGA
Modelos de Adsorcién

Nanoparticulas de PLGA, Quitosan, Adsorcion Superficial

Citation: Martinez-Pérez, Beatriz. Adsorption of Chitosan on PLGA Polymeric Nanoparticles. Journal of Chemical and

Physical Energy. 11[30]-1-8: €61130108.

nd/4.01]

Holding Bolivia on behalf of Journal of Chemical and Physical Energy. This is an open access

ISSN: 2410-3934/ © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its ..
article under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc- f..:

Peer review under the responsibility of the Scientific Committee MARVID®- in the

contribution to the scientific, technological and innovation Peer Review Process through the | 702 902 CO NAH CYT

training of Human Resources for continuity in the Critical Analysis of International Research.

g Registra Nacional de Instituciones y
. Empresas Cientificas y Tecnol6gicas


https://ror.org/05gjd9170
https://www.webofscience.com/wos/author/record/LXW-8661-2024
https://orcid.org/0000-0003-0277-0028
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/
https://crossmark.crossref.org/dialog/?doi=10.35429/JCPE.2024.11.30.6.1.8&domain=pdf&date_stamp=2024-12-30

Journal of Chemical and Physical Energy

2
11[30]1-8: e41130108

Article
Introduction

PLGA is a copolymer of polylactic and
polyglycolic acids (PLA and PGA, respectively)
that was introduced in the 1970s for use in
medical sutures and has achieved numerous
applications in drug delivery, tissue engineering,
medical and surgical devices (Kapoor et al.,
2015). The applications of PLGA for medical
use are due to features such as: biocompatibility,
control of the rate of biodegradation and release
of active ingredients, chemical functionalisation
of the surface of its materials, and its approval
for clinical use by the US Food and Drug
Administration (FDA) (Gentile et al., 2014,
Sharma et al, 2016). Most of the
physicochemical properties of PLGA (Table 1)
have a marked difference depending on the ratio
of lactide (LA) to glycolide (GA). One of the
most interesting properties of PLGA is its
biodegradation rate, which can vary from 1-6
months depending on the ratio of its LA:GA
monomers.

The biodegradation time of PLA is 12-24
months and that of PGA is 6-12 months. With
the 50:50 LA:GA ratio, the biodegradation time
of PLGA can be 1-2 months. The presence of
methyl side groups in PLA makes it more
hydrophobic than PGA, therefore, increasing the
lactide ratio in PLGA also increases its
biodegradation time (Kapoor et al., 2015).

PLGA was used in the present thesis work
due to the numerous advantages and properties,
such as, biodegradability, biocompatibility, drug
release control. However, despite the excellent
properties of PLGA, its bioadhesivity is lower
than required to achieve efficient therapy
through vaginal delivery (Ndesendo et al.,
2009). To address this limitation, in this
research, the surface of the prepared PLGA
nanospheres was modified with chitosan to
improve their mucoadhesivity.

Chitosan is the most important natural
product derived from chitin. It is the second most
abundant natural polysaccharide after cellulose.
Chitosan is obtained from natural sources,
including the exoskeletons of insects, shells of
crustaceans, shrimps, prawns, crabs, etc., as well
as the cell walls of fungi (Qi et al., 2004).
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The polymeric forms of chitosan are
aminopolysaccharides with unique structures
that enable a number of functions, such as
mucoadhesivity. Chitosan is more suitable for
biological applications than chitin, due to its
better solubility in water and organic acids.
Chitosan has s-glycosidic bonds (1 — 4) that are
similar in structure to cellulose (Figure 6).
Chitosan is produced by basic hydrolysis or
enzymatic hydrolysis of chitin in the presence of
deacetylase (Kong et al., 2010).

Chitosan exhibits special properties such
as viscosity, solubility in various organic
solvents, mucoadhesivity, polyoxisal formation,
polyelectrolyte behaviour, film-forming ability,
chelate formation with metals, structural and
optical characteristics. The mucoadhesivity
provided by chitosan can be explained by the
interaction between the cationic amino groups of
chitosan and anionic residues such as sialic and
sulphonic acids on the mucus layer (Shailesh et
al., 2013). The physicochemical properties of
chitosan that determine its functional properties
are weight average molecular weight and degree
of deacetylation, the latter being related to its
solubility.

The amino group of chitosan provides a
reaction site under mild conditions. The
protonation of the amino group gives it a highly
reactive character, which can, for example, lead
to the phenomenon of adsorption of metal
cations in acidic media, due to protons and metal
cations competing for interaction with the amino
group (Sudheesh et al., 2013).

PLGA polymeric nanoparticles have been
studied as drug delivery vehicles due to
characteristics such as, size and protection of
drugs against degradation (Leal et al., 2017), low
toxicity and high compatibility (Ruiz-Pulido et
Medina, 2021). Moreover, the surface of
nanoparticles plays an important role in
interactions with mucus, cells and tissues
(Danhier et al., 2012). Among the most studied
polymers are chitosan (CTS), PEG, PLA, PLGA
and PVA (Taylor et al., 2005). Given the above,
the present work evaluates the adsorption of
chitosan on PLGA nanoparticles loaded with
clotrimazole (CLT) as a model drug with the aim
of having nanoparticulate systems with
bioadhesive properties.
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Materials and reagents

PLGA (lactide:glycolide 50:50, MW 30 000-60
000), low molecular weight (LMW) CTS (50
000-190 000 Da) and Ninhydrin
(trichetohydrindene hydrate), were purchased
from Sigma-Aldrich. Poly (vinyl alcohol)
(PVAL) Mowiel® 4088, MW 205.00 was obtained
from Clomarza®  (Mexico). Clotrimazole was
donated by Globe Chemicals, S.A. de CV
(Mexico). Other reagents of analytical quality
were supplied by Fmo"® (Mexico).

Methodology

PLGA-CLT polymeric nanoparticles were
prepared by the emulsification-diffusion
method. The organic phase was prepared with
100 mg of PLGA and 20 mg of CLT dissolved
in 20 ml of ethyl acetate previously saturated
with water. Under stirring at 6000 rpm, the
organic phase was added to 40 ml of aqueous
phase with 0.5% (w/v) PVA. The organic
solvent was evaporated under reduced pressure,
then the system was centrifuged at 20000 rpm
for 20 min, the process was performed twice to
remove excess PVA. Subsequently, the PLGA-
CLT nanoparticles were resuspended with 100
ml of deionised water. Aliquots of 10 ml of
PLGA-CLT-NPs were taken and 0.5, 1, 2, 3, 4,
5 6 and 7 ml of chitosan solution of
concentration 4 mg/ml were added to each
aliquot. The systems were brought to a final
volume of 20 ml with deionised water and left
under magnetic stirring for 24 hours. The
systems were centrifuged and the particle size
distribution and Z-potential of each PLGA-CLT-
CTS-NPs system were determined.

Quantification of chitosan in the PLG-CLT-
NPs

To a 5-10 mg sample of PLGA-CLT-CTS-NPs,
10 ml of 0.5% v/v acetic acid was added and kept
in agitation for 48 h. Subsequently, the system
was filtered and filtered. Subsequently, the
system was filtered with a 0.22 um membrane.
0.5 ml of the filtrate was taken and mixed with
0.25 ml of ninhydrin reagent in a screw-culture
tube and placed in a water bath at 90°C for 10
min. The system was removed from the bath and
allowed to cool to room temperature.
Subsequently, 3 ml of a 50:50 ethyl alcohol-
water mixture was added and the absorbance of
the complex was determined at 572 nm.
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The percentage of adsorbed chitosan was
determined from the following equation:

%Q.A = CRN 100 [1]

CQ.l.

where Q.A. is the amount of adsorbed
chitosan, C.Q.N. is the amount of chitosan in the
nanospheres and C.Q.l. is the amount of initial
chitosan.

The results obtained were fitted to the
following adsorption models:

Langmuir equation:

Ce_ 1 , Ce 2]
q ba, q,
BET Equation:
Ce _ 1 +b_1Ce (3]
ql-Ce) ba, b,
Freundlich Equation:
1
logg=Ilogk + HIog Ce [4]
Halsey Equation:
1 1
Ing="Ink - =In(-InCe 5
g="Ink——In(-InCe) [5]
Henderson Equation:
In[-In(L—Ce)|=Ink +ning [6]
Smith Equation:
q=W, -W,, In(l—Ce) [7]

Where: g= adsorbed amount of chitosan
per unit weight of PLGA nanospheres (mg/g;
mol/g); Ce= chitosan concentration at
equilibrium (mg/l; mol/l); b, gm, K, N,wa, wo are
adsorption constants of each model.

Particle size and Z-potential determination

The average particle size, the particle size
distribution as well as the polydispersion index
were determined with a Zetasizer Nano ZS90
Malvern® electronic counter.
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For all analysed nanoparticle batches,
deionised water was used as dispersion medium.
Readings were taken at 25°C and an angle of
incidence of 90°. The determinations were
performed in triplicate by preparing dilutions of
an aqueous suspension of the nanoparticles.

Results

A method of quantification of chitosan adsorbed
on PLGA-CLT-CTS-NPs based on the reaction
of the primary amino groups of chitosan with
ninhydrin and formation of a coloured complex
(Ruhemann purple) was used (Leane et al.,
2004). Figure 1 proposes the reaction
mechanism of ninhydrin with chitosan: 1.- A
molecule of ninhydrin reacts with the primary
amino group of chitosan to form a schiff base (a),
which subsequently gives rise to a primary
amine as an intermediate (b), Which reacts with
a second molecule of ninhydrin to form the
Ruhemann complex (c). The above reaction has
been wused by several authors for the
quantification of the primary amino groups of
chitosan (Curotto et Aros, 1993; Leane et al.,
2004). The method for quantification of chitosan
with ninhydrin is a rapid, sensitive and
reproducible method; however, its limitation is
the degree of acetylation of chitosan (Curotto et
Aros, 1993).

Box 1

Figure 1

Proposed reaction mechanism for the reaction of
chitosan with ninhydrin. a) Schiff base
formation, b) Primary amine intermediate (2-
amino-1,3-indandione), ¢) Formation of
Ruhemman complex

Source: Own Elaboration
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Figure 2 shows the absorption spectrum
and specificity for the chitosan-ninhydrin
method.
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Figure 2

Specificity of chitosan evaluated in FVS

(Simulated Vaginal Fluid) medium pH=4.2
Source: Own Elaboration

In table 1, the particle size and Z-potential
values of the PLGA-CLT-CTS-NPs systems are
shown.

Table 1

Particle size and Z-potential values of PLGA-
CLT-CT-NPs as a function of the amount of
chitosan added

Lot Amount | Average | Potential | Lot | Amount | Average | Potential
of added particle Z(mV) of added particle Z(mV)
chitosan | size (nm) chitosan | size (nm)

(mg) (mg)
Blanco | 0 388 -0.25 | Lot5 | 20 440.2 3.33
379.3 -0.32 411.1 2.91
399.9 0.31 430.3 3.69
X= 389.148.4 | -0.09+03 | x= 427.2+¢12.1 | 3.31+0.3
Lot1 2 421.8 0.71 | Lot6 | 16 449.1 3.30
429.8 0.54 453.5 4.20
434.3 0.08 459.9 3.99
X= 428.6+6.5 | 0.44+0.4 | x= 454.1+4.4 3.830.4
Lot 2 4 418.2 112 | Lot7 (24 487.9 6.20
411.1 1.68 467.2 6.93
426.9 0.83 474.2 5.82
418.7+10.7 | 1.21+0.4 | x= 476.4+8.6 | 6.32+0.5
Lot3 12 410.6 0.92 | Lot8 | 28 547.1 8.37
398.3 1.72 527.7 10.2
424.5 0.91 549.7 9.59
X= 411.1+10.7 | 1.19+04 | x= 541.5+9.8 | 9.39+0.8
Lot 4 8 417.0 2.85
434.6 1.85
434.5 1.16
X= 428.7+8.3 | 1.95+0.7

x: Mean + Standard deviation

Source: Own Elaboration
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Figure 2 shows a proportional increase in
the particle size of PLGA-CLT-CTS-NPs with
the amount of chitosan adsorbed on the surface
of the nanoparticles. In this figure, 2 plateaus are
observed, the first one is at concentrations lower
than 5 mg of added chitosan, and the second one,
with amounts higher than 25 mg of chitosan
added on PLGA-CLT-NPs. These results are
similar to those found by Guo et al. (2008), who
studied the adsorption mechanism of chitosan on
PLGA nanoparticles.

The researchers observed a plateau at low
chitosan concentrations, i.e. at amounts of
chitosan added between 0 and 0.48 g/L
(chitosan/PLGA nanospheres). The authors
found that in this zone, the adsorption values of
chitosan on PLGA nanoparticles conform to
monolayer adsorption models, such as Langmuir
and BET. However, at higher concentrations
than those mentioned above, the data fit a
multilayer model.

540
520
500
480

460

Size particle (nm)

440

420

400

380

0 10 20 30
Amount chitosan added (mg)

Figure 3

Average particle size of PLGA-CLT-CTS-NPs
as a function of the amount of chitosan added
(n=3)

Source: Own Elaboration

The gradual increase of Z-potential values
with the amount of added chitosan (Figure 3),
suggests another evidence of chitosan adsorption on
the surface of PLGA-CLT-NPs.
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Z-potential of PLGA-CLT-CTS-NPs as a

function of the amount of chitosan added (n=3)
Source: Own Elaboration

Table 2

Average values (n=3) of adsorbed amount of
chitosan on PLGA-CLT-CTS-NPs (q) and
equilibrium concentration of chitosan (Ce) on
PLGA-CLT-CTS-NPs used for the evaluation of
the adsorption models

Amount of ﬁ?;iﬂggf Equilibrium

agzggiigo chi(t’gsan (qf) conccer:}lt:(r)zgr? e Ce (mol/l) | q(mg/g) | g (mol/g)
*100 mg 0
mg NPs (mg) NPs (rr?g) (Ce=mg/I)

9.776 2.070 453.283 | 5.151E-06 20.704 | 2.353E-07
19.552 2.193 1021.169 | 1.160E-05 21.925 | 2.491E-07
39.105 7.953 1832.454 | 2.082E-05 79.530 | 9.038E-07
58.657 10.528 2831.138 | 3.217E-05 105.278 | 1.196E-06
78.210 15.537 3686.615 | 4.189E-05 155.371 | 1.766E-06
97.762 18.572 4658.228 | 5.293E-05 185.720 | 2.110E-06
117.314 25.327 5411.033 | 6.149E-05 253.267 | 2.878E-06

Source: Own Elaboration.

As shown in table 3, the Langmuir and
BET models do not fit the data obtained to a
linear regression, i.e. in the range of
concentrations worked, the chitosan adsorption
model does not fit the monolayer adsorption
model. The adsorption models that are closest to
linearity are Freundlich (r2=0.951), Halsey
(r2=0.955), Henderson (r2=0.951) and Smith
(r2=0.977).

The Freundlich model fits for a
homogeneous surface and a heterogeneous
surface with a multilayer adsorption, the
calculated value of n is 1.01, higher than 1,
indicating a good adsorption of chitosan on the
surface of PLGA-clotrimazole nanospheres
(Ghora S. et al., 2004). The Halsey, Henderson
and Smith models describe the exponential or
logarithmic nature of the g and Ce ratios, which
correspond to multilayer adsorption.
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These models suggest adsorption on an
energetically heterogeneous surface (Becher,
1990). Halsey's model also describes multilayer
condensation. According to this model, the
multilayer isotherm is composed of three
regions: adsorption on a strongly heterogeneous
surface, adsorption on a moderately
heterogeneous  surface, and  multilayer
adsorption induced by Van de Waals forces at
some distance from the surface. (Boente et al.,
1996).

The high value of the constants for the
Henderson model indicates a possible
microporous or energetically heterogeneous
structure of the adsorbate (Boki K. et al.,1991).
On the other hand, Smith's model suggests that
the amount adsorbed on the surface is
subdivided into an adsorbate bound fraction and
a condensed fraction.

The adsorbate bound fraction is on the
inner or outer surface of the adsorbent. The
normally condensed fraction can also have more
than one condensed adsorbate layer (Al-
Muhtaseb et al, 2004). The data obtained fit best
with Smith's model, suggesting that chitosan
adsorbed on the surface of PLGA-CLT-NPs
could be in both bound and condensed form.

Table 3

Parameters derived from the linear fit of chitosan
concentration in different adsorption models

Coefficient of Adsorption capacity | Adsorption intensity

st (e i determination (r?) constant constant

- -
g:u?s‘.zz X10°X+ 1 g 018 v=-19.16 x10°mg/g | b= -6.2048x10°
y = -45.93 X10° X =21772 x 10 °
0.018
+ 8413 mollg
g -

Yo 29007 | g g5 k=1 10° n=1.01
y = -1218x +
16.18

y=9.60 x10" x +
1505

y = -1x10" x +
0475

Langmuir

BET b= -54.593 x10°

Freundlich

Halsey 0.955 k=3.775 n=821x10"

Henderson 0.951 k=4.504 n=9.60 x10*

Smith 0.977 W,=0.175 W.=1x 10

Source: Own Elaboration
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Conclusions

The spectrophotometric method to quantify the
amount of chitosan on PLGA-CLT-NPs is
specific. With the adsorption studies of chitosan
on PLGA-CLT-NPs, a good correlation was
obtained (r 2 >0.94) with the Freundlich, Halsey,
Henderson and Smith models, these results
indicate that the adsorption of chitosan is
through the formation of multilayers, which is
demonstrated by the increase in average particle
size from 389 to 541 nm and changes in the Z
potential from -0.088 to +9.38 mV. The
maximum amount of chitosan adsorbed on
PLGA-CLT-NPs was reached with the addition
of 28 mg chitosan (1.1 g chitosan per g PLGA-
CLT-NPs).
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Abbreviations

b, gm, K, N,wa, wp are adsorption constants of each
adsorption model.

Ce. Concentration of chitosan at equilibrium
CTS. hitosan

CLT. Clotrimazole
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FDA. Food and Drug Administration of the
United States of America.
SVF. Simulated Vaginal Fluid
g. Grams

GA. Glycolic acid

LA. Lactic acid

mg. Milligrams

mol. Number of moles

PEG. Polyethylene glycol

pH. Potential Hydrogen

PLA. Polymer of Lactic Acid
PLGA. Copolymer of
Polyglycolic Acids
PLGA-CLT-NPs. Acronym for PLGA and
Clotrimazole Nannoparticles
PLGA-CLT-CTS-NPs. Acronym for PLGA,
Clotrimazole and Chitosan Nannoparticles
PVA. Polyvinyl alcohol

g= adsorbed amount of chitosan per unit weight
of PLGA nanospheres

2, Coefficient of determination

Polylactic  and
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