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Analysis of wear for a base Steel 5% Cr, applying 392 N of load and variable speed
of 0.18 m/s, 0.36 m/s and 0.54 m/s, using the T05 Block-on-ring wear tester machine

Analisis de desgaste para un acero base 5% Cr, aplicando carga de 392 N y
velocidad variable de 0.18 m/s, 0.36 m/s y 0.54 m/s, utilizando la maquina de prueba
de desgaste TO05 Block-on-ring
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Abstract

In the present study, an experimental analysis of the
friction forces, speeds and friction coefficients that
influence the size of the wear track in a steel exposed to
mechanical contact was carried out, for this, steel blocks
with an alloying element of. 5% Cr base and D2 steel
standard ring, representing the Block-on-Disk method,
according to the ASTM D2714 standard were used. The
test parameters were: 392N load, for 800 seconds, with
variable speeds of 0.18 m/sec, 0.36 m/sec and 0.54
m/sec; the test is performed in a dry environment using
the T-05 Block-on-Ring wear tester machine. This
analysis contributes to the technological development of
a material that has a lower coefficient of friction and
therefore improves its mechanical properties for systems
exposed to this principle, such as the wheels of traveling
cranes or railway trains, diesel machinery transport
systems and various services, etc.

Friction, Wear, Block-on-Disk

Resumen

En el presente estudio se realiza un analisis experimental
de las fuerzas de friccion, velocidades y coeficientes de
friccién que influyen en el tamafio de la huella de desgaste
en un acero expuesto a contacto mecanico, para ello se
utilizaron blogues de acero con un elemento de aleacion
base de 5% de Cr y anillo patron de acero D2,
representando el método Block-on-Disk, de acuerdo con la
norma ASTM D2714. Los parametros de prueba fueron:
392N de carga, durante 800 segundos, con velocidades
variables de 0.18 m/seg, 0.36 m/seg y 0.54 m/seg; el
ensayo se realiza en un ambiente seco utilizando la
méaquina de desgaste T-05 Block-on-Ring. Con este
analisis se esta  contribuyendo a  desarrollar
tecnolégicamente un material que tenga un coeficiente de
friccion menor y por consiguiente mejore sus propiedades
mecanicas para sistemas expuestos con este principid, tales
como las ruedas de las grlas viajeras o trenes de
ferrocarril, sistemas de transporte de maquinaria diesel y
servicios diversos, etc.

Friccion, Desgaste, Block-on-Disk
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Introduction

Wear is an inevitable phenomenon that occurs
whenever two surfaces interact. Normally,
wear does not cause violent failures, but it
generates functional consequences such as
reduced efficiency, higher energy
consumption, power losses and the generation
of heat from the components, due to the
increase in friction coefficients. In recent
decades, there has been a growing interest in
the subject of friction and wear, and
considerable effort has been put into
determining its causes and how to prevent its
consequences.

Wirokanupatum S. (1999), performs
wear tests, where he compares the abrasion
phenomenon in dry and wet condition, in a
medium carbon steel, confirming that the wear
and friction coefficient changes when the
operational parameters such as: load, size,
shape and abrasive hardness are changed.

Deuis et Al (1998), performs a
comparison between the behavior of the
friction coefficient in a dry and wet
environment for coatings on aluminum,
noticing that the wear in a humid environment
is less than in dry.

Hirpa G. Lemu (2013), also verified that
in a humid environment the friction coefficient
is lower than in the dry environment and
affirms that the friction force increases as a
function of time; Forlerer et al., (2000),
performed friction wear tests on a block-on-
ring machine with lubrication of mineral oil in
a ZA27 alloy reinforced with Si, Cu
precipitates and SiC particles of an average
size of 5 microns. They verified that the most
reinforced material is the most resistant to
wear, and the non-reinforced friction
coefficient is p = 0,15, while for reinforced
materials is p =0,12.

The word friction comes from the Latin
"Fricare” which means friction or rubbing. It
manifests itself as a gradual loss of kinetic
energy when two bodies are in contact and in
relative motion.
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Defined as: the resistance force to the
movement of a body, when it moves over
another, being this force tangential to the
interface and in the opposite direction to the
displacement; causing energy consumption,
accordingly, this force can be defined, based on
the first thermodynamic law, as: the work done
due to the friction force is equal to the sum of
the increase in internal energy and the energy
dissipated in the form of heat or temperature
rise (ASM, ASM Handbook,1992, Vol. 18).

The  French  physicist  Guillaume
Amontons in 1699 quantitatively established
the laws of friction. Later in 1748, Euler tried to
explain the difference between the static and
dynamic coefficient, but it was not until 1785
that José Marie Coulomb established the third
fundamental law of this phenomenon.

It should be noted that the coefficient of
friction for metals, as indicated by the 3rd law
of friction, is independent of the sliding speed,
but only up to 10 m/s, since after this value the
coefficient of friction decreases as the velocity
increases.  (Hutchings.  Tribology, 1992).
Stembalski et Al. (2013), verified this principle
in his study. Determination of the friction
coefficient as a function of sliding speed and
normal pressure for steel C45 and steel 40HM.

Asaduzzaman Ch. et Al. (2013) and
Chowdhury M.A. et al., (2013), determined that
although the normal load and the slip speed
were varied, the force and the friction
coefficient are stabilized after thirteen minutes
of contact with the materials.

The static friction coefficient ps is
obtained by placing a body on an inclined
plane, as shown in Figure 1.

By increasing the angle of inclination ¢,
up to where the object begins to move; in this
position, the static friction coefficient is
determined, using the following equation
(Bayer R. G., 1944):

Wsing

=tgy )

S = =
W W cos @
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Wsin ¢

N -

Figure 1 Representation of friction angle

Mechanical contact is one of the main
phenomena that produce wear, generated by
friction loads in systems that are exposed to
high coefficients of friction; This principle is
present in any system that is exposed to loads
or dynamic movements, such as machinery
and equipment wused for construction,
manufacturing  processes, transportation,
various services, and even our body is
subjected to rotary movements that produce
frictional forces. Frictional forces are an
inevitable phenomenon that occurs whenever
two surfaces interact, normally, controlled
loads do not cause violent failures, but they
generate functional consequences such as
reduced efficiency, higher energy
consumption, power losses and heat
generation from the components, due to the
increased coefficients of friction; this
phenomenon becomes critical when there is no
lubrication between the two surfaces in
contact.

The measurement of frictional forces
and the calculation of friction coefficients are
frequently supported by the different
tribometers. There are different types of tests
to determine the coefficients of friction
ranging from the inclined plane designed by
Leonardo da Vinci; as well as the different
standardized tests, such as those established by
the American Standard Testing Materials
(ASTM), or other organizations, such as the
American National Standards Institute (ANSI)

June 2022 VVol.8 No.21 1-5

fr = Friction force
N = Applied normal force

Research methodology

The study consists of the preparation of three
5% Cr steel specimens, the machining
conditions comply with the ASTM D2714
standard, the tribological system consists of the
stationary block, made of the tested material (in
our case 5% Cr steel), pressed at load P against
the ring (in our case Steel D2), the equipment
used for the test is the T-05 Block-on-Ring
wear tester machine, which is shown
graphically in Figure 2 a), and the illustration of
the tribosystem in Figure 2 b). In this test, the
ring is rotated with constant speed against the
stationary block, and during the entire cycle is
subjected to a constant load of 392N, and
speeds of 0.18 m/sec for Sample 1, 0.36 m/sec
for Sample 2 and 0.54 m/sec for Sample 3;
taking contact force measurements by means of
sensors connected to the CPU and measuring
the wear track at the end of the test. The tests
are performed in a tribometer to simulate wear
in the absence of lubricant. The monitoring of
the test lasts 800 seconds.

b)

Figure 2 a) Machine TO5 Block-on-ring b) lustration of

and the International Organization for tribosystem

Standardization (ISO) (Bayer RG, 1944).
Results
To calculate the friction coefficient, the

following equation is used: The 5% Cr steel samples have a hardness that

varies in a range of 50-52 HRC; the chemical
analysis of this material can be seen in Table 1,
where it can be verified that, due to its low carbon
content, it corresponds to a chromium-alloy steel.

=y )
Where:

W = Friction Coefficient
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0.55]0.15)0.60|5.00|0.80|0.15

Table 1 Chemistry composition of Steel 5%Cr

The wear in certain geometric contacts
produces loss of material on one of the surfaces,
initially the contact between the block and the
disc is a line, but as it wears, the contact between
both becomes an area where the track of wear in
the block is observed as a rectangle, for our case
of analysis we take the linear measurement of the
width of the wear track considering four points
to divide it, which are identified with the
variables L1 to L4, we can see this distribution in
Figure 3, and its dimensions are shown in Table
2, also indicating the average of each of the
samples, which is 922,500 pum for Sample 1,
852,500 pum for Sample 2 and 772,500 um for
Sample 3.

Figure 3 ldentification of width on wear track for steel
samples 5%Cr

Li(um)  Le(um)  La(um) | La(um)  Lerom

(um)
1 [ 970.000 [ 1020.000 | 920.000 | 780.000 | 922.500

2990.000 | 960.000 | 750.000 | 710.000 | 852.500
3860.000 | 830.000 | 700.000 | 700.000 | 772.500

Table 2 Length of width on wear track for steel samples
5% Cr

The results obtained from the different
tests are known as tribodata. In Graph 1, the
behavior of the friction force as a function of
time can be observed, indicating that the friction
force is greater for Sample 1, which was tested
with the lowest speed, these results coincide with
the coefficient of friction, which is shown in
Graph 2, which also shows that the coefficient of
friction is greater for sample 1. For both cases of
load and coefficient of friction, the test stabilizes
and reaches its maximum values at
approximately 350 sec.

In Graphic 3, it can be observed how the
coefficient of friction has a linear behavior that
decreases as a function of speed; the lowest
coefficient of friction is 0.144 and corresponds to
a speed of 0.54 m/sec.
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Conclusions

The width of the wear track is greater in Sample
1, which coincides with the greater friction force
and the greater friction coefficient; thus, proving
that wear is a function of speed; the higher the
speed, the lower the friction coefficient and
accordingly the lower the wear, as indicated by
the 3rd law of friction for metals, according to
Hutchings (1992).

This proves that the force and coefficient
of friction stabilizes at approximately 13 minutes
(800 seconds) according to the studies carried out
by Asaduzzaman Ch. M. et al., (2013)

OROZCO-GARCIA, Calvin Jacob, SERVIN-CASTANEDA, Rumualdo, SAN
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machine. Journal of Research and Development. 2022
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It was shown that the friction
coefficient values obtained in this study
(u=0.144), with speeds of 0.54 m/sec, are
within the range of coefficients established by
Forlerer et Al. (2000).
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Abstract

In this paper, a design process for power directional
couplers using dual conductor-backed coplanar
waveguides (CBCPW), is presented. The proposed
methodology is applied to the design of a 50 Q impedance
coupler with 10 dB coupling factor for a central frequency
of 2.5 GHz. The resulting coupler is validated through
simulation by obtaining its dispersion parameters using
ANSYS High Frequency Structure Simulator (HFSS).
From the analysis of the return loss, insertion loss and
coupling factor, in a range of 1 to 4 GHz, it was found that
the coupling factor complies with the design specification
for frequencies from 2 to 3 GHz, with insertion losses
between -1 and -2 dB around the center frequency and
return losses of -15 dB.

Methodology,  directional  coupling,
waveguide, dispersion parameters

coplanar

Resumen

En este trabajo se propone un proceso de disefio para
acopladores direccionales de potencia construidos con
guias de onda coplanares con conductor de respaldo
(CBCPW) duales. Esta propuesta se aplicara en el disefio
de un acoplador con impedancia de 50 Q y un factor de
acoplamiento de 10 dB para una frecuencia central de 2.5
GHz. El proceso de disefio sera validado a través de sus
parametros de dispersion obtenidos mediante el Simulador
de Estructuras en Alta Frecuencia de Ansys (HFSS). De
acuerdo al andlisis de las graficas de pérdidas de retorno,
de pérdidas de insercién y de factor de acoplamiento, en
un rango de 1 a 4 GHz, se comprobd que el factor de
acoplamiento cumple con la especificacion de disefio para
frecuencias de 2 a 3 GHz, con pérdidas de insercién entre
los -1y -2 dB alrededor de la frecuencia central y pérdidas
de retorno de -15 dB.

Metodologia, acoplador direccional, guia de onda
coplanar, parametros de dispersion
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Introduction

Directional couplers are four- or three-port linear
passive devices used to couple power from a
transmission line to a coupled port (Avionics
Department, 2013). These circuits are
constructed using two transmission lines that are
placed close enough to each other so that some
of the power travelling on one line can be
transmitted to the other line with a known
attenuation; this phenomenon is known as
coupling (Simons 2001). The coupled output of
this device is used to obtain information from a
signal without interrupting the power flow in the
system, with small insertion loss due to
coupling. Figure 1 shows the structure of a
directional coupler along with the power flow
through its ports; because they are linear devices,
the distribution of its ports is arbitrary, so any
port can serve as an input.

4 Port Directional Coupler

Figure 1 Directional Coupler a) Schematic and b)
Structure of a directional microstrip coupler

The structure of such circuits can consist
of different types of transmission lines such as:
strip lines, microstrip lines and waveguides, each
with different coupling capabilities (Roshani, et
al., 2022). The field of application of each of
these options will depend on their range of
coupling values. Very weak coupling values
relate to microwave power monitoring
applications; for example, for sampling incident
and reflected waves in reflectometers, a
fundamental part of vector or scalar network
analysers (Mousavi, et al., 2015). Other
applications of directional couplers relate to
signal distribution in antenna networks, balanced
circuits and mixing applications (Liang, et al.,
2007) (Shi, et al., 2008) (Shi, et al., 2010) (Chen
& Xue, 2013) (Liu, et al., 2014) (Yu & Yang,
2022) (Zhao, et al., 2022).

The length of the coupled lines of a
directional coupler must measure at least one
quarter of the wavelength. When this condition
is met, the coupling factor (k) reaches its
maximum value, optimising the power transfer
from the input port to the coupled port. This
factor can be defined as the inverse of the
fraction of voltage transferred.
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Depending on the application, this factor
can take different values, typically between 3
and 40 dB. Other important parameters in
coupler design are the transmission factor,
directivity factor and isolation factor.

- The transmission factor represents the
power that is transferred from port 1 to port
2 through the main line of the structure, its
ideal value expressed in dB is equal to

2010g|w/1—1/C2| dB, with a typical

value of 0.5 dB.

- The directivity factor describes the
magnitude of the unwanted coupling
between port 1 and port 4 compared to the
coupling at port 3; the higher this value,
the higher the directivity of the coupler. Its
typical value is 40 dB.

- The isolation factor describes how much
of the power applied to port 1 is directed to
port 4. Ideally this value is very high,
tending towards infinity, however, in real
systems, its magnitude is around 40 dB.

Characteristics of the coupled lines

Any pair of coupled transmission lines can be
described as a four-port configuration, where
one of the lines (or both depending on the
transmission mode) carries a signal that is
induced into the adjacent line, generating
charges and currents on the adjacent line. Since
the field pattern (mode) on the pair of lines is the
result of the linear superposition of each of the
individual field patterns; when they travel in the
same direction it is called an even mode; and
when both waves travel in the opposite direction
itis called an odd mode (Edwards, 2016). Figure
2 shows the directions of both the electric field
and the magnetic field for each of the modes in a
coplanar line structure. It can be deduced that the
behaviour of a coupled structure is the result of
the superposition of the effects of both modes.
Due to the difference in the distribution of fields
in each mode, two different characteristic
impedances are defined; one corresponding to
the even mode (Zoe) and the other for the odd
mode (Zoo).

CASTANEDA-IBARRA, Victor R., CISNEROS-SINENCIO, Luis
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Figure 2 Direction of magnetic and electric fields in
coupled lines a) Even mode and b) Odd mode

The design process of a directional
coupler consists of determining the physical
dimensions of a coupled line structure. The
calculation of these parameters is derived from
the odd and even mode impedances Zoe and Zoo
impedances (Edwards, 2016). The ratio of these
impedances to k and Zso se describe en (Wadell,
1991). is described in (Wadell, 1991). By
solving these equations, it is possible to plot the
relationship between the line impedances and
their coupling factor for Zos = 50 Q. This
relationship is shown in the graph in Figure 3,
where it can be seen that the closer the two
impedance values, odd and even, at Zos, the
coupling between lines decreases, minimising
the power transfer from one line to the other.
Conversely, if the difference between these
values increases, so does the coupling between
lines.

250

150 4 -

1004 N ]

50 +

Even and odd impedances Z, , & Z, , (Ohm)

0 10 20 30 40 50
Coupling Coefficient (dB)

Figure 3 Even and odd mode impedance Zge and Zy, (Q)
with respect to coupling coefficient k (dB)
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The level of coupling between the two
lines also depends on the length of the coupled
structure, finding its maximum when the length
of the line is equal to one quarter of the
wavelength (Ag/4), i.e., when the electrical length
0 is equal to m/2.

Structures of a CBCPW

A coplanar waveguide (CPW) consists of a
conductor line mounted on a dielectric that has a
return conductor on each side of the line, both
located in the same plane as the centre conductor
(He, et al., 2022). A coplanar wave with backup
conductor (CBCPW) is a coplanar waveguide to
which an additional ground conductor is added
in a second plane located on the other side of the
substrate. Both waveguides share characteristics
such as ease of being connected in series and
shunt, low radiation and low dispersion, so they
are widely used in power splitters, mixers, band-
pass filters, Lange couplers, high directivity
couplers and switched transmission lines
(Watson & Gupta, 1997) (Kim, et al., 2002)
(Tessmann, 2006) (Chen, et al., 2010) (Wane, et
al., 2015) (Xiao, et al., 2016) (Du, et al., 2022).

The characteristics of a CBCPW are
defined by its dimensions, being: the width of its
central conductor (2a), the spacing between the
two adjacent ground planes (2b), as well as the
height of the substrate (h). Figure 4 shows the
CBCPW structure with its different dimensions.

» 2b e

2a) |

Figure 4 Cross-sectional dimensions of a coplanar
waveguide with back-up conductor (a, b, h).

In the case of a dual CBCPW, as shown
in Figure 5, there are two centre conductors. In
this case, the line dimensions are: the distance
between the two signal lines (s), the spacing to
adjacent ground planes (d), the width of the
centre conductors (w) and the height of the
substrate (h).

CASTANEDA-IBARRA, Victor R., CISNEROS-SINENCIO, Luis
F., GARCIA-VITE, Pedro M. and CASTILLO-GUTIERREZ,
Rafael. Design of dual coplanar waveguide directional couplers for
power transmision. Journal of Research and Development. 2022
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Figure 5 Cross-sectional dimensions of a dual coplanar
waveguide with back-up conductor (d, w, s, h)

Characteristic impedance of a CBCPW

In (Wadell, 1991) and (Simons, 2001) the
equations relating each of the dimensions of a
coplanar waveguide to its impedances are
described for both a CBCPW and a dual
CBCPW structure. With the help of Octave
mathematical software, these equations were
solved to relate different line parameters. The
graph in Figure 6 shows the relationship between
the coupling coefficient k and the factor s/(s+2w)
for different values of [(s/2)+w]/h with Zos=50
Q, h=1.6, &=4.0 and d=s.

30 T T T T T T T T T
[(s/2}+w]/h
0.01

Coupling Coefficient (dB)

s/(s+2w)

Figure 6 Coupling coefficient k (dB) with respect to
different values of s/(s+2w) for different values of
[(s/2)+w]/h with Z,x=50Q, h=1.6, &=4.0 and with d=s.

The graph in Figure 7 shows the
relationship between Zoe and Zo, for different
values of s/ and wh with d=s.

Both graphs will be useful in determining
the dimensions of the coupler as a function of its
k-factor and its characteristic impedance.
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Figure 7 Odd and even mode impedances Zg e and Zo e with
respect to different ratios of s/h and w/h with d=s.

Directional coupler design

Figure 8 shows the structure of the directional
coupler of interest, where two different sections
can be identified. The first section is
characterised by two parallel conductor lines
(constant s); for this section the design equations
for a dual CBCPW will be used. In the second
section, s varies continuously, so the previous
equations are no longer valid; for this section, the
design equations for a simple CBCPW are used.
Thus, considering the coupler as three different
waveguides connected in series, it is possible to
ensure an impedance of 50 Q throughout the
device.

d

}
N

€ -

— W

d

Figure 8 Physical dimensions involved in the electrical
characteristics of a directional coupler using a CBCPW
structure

The calculations for the construction of a
Dual CBCPW with a characteristic impedance of
50 Q and a coupling factor of 10 dB are
presented below. From the graph in Figure 3 we
get Zp = 69.269 Q and Z,, = 36.185Q. In
turn, with the help of graphs in Figures 6 and 7,
it is found that these impedances can be achieved
with a ratio s/h= 0.18 and w/h=1.18. Taking
h=1.6 and &.=4.0, corresponding to the
substrate of a commercial PCB manufactured
with FR-4, we have.

CASTANEDA-IBARRA, Victor R., CISNEROS-SINENCIO, Luis
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Rafael. Design of dual coplanar waveguide directional couplers for
power transmision. Journal of Research and Development. 2022
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h=16 s=0.3 d=0.3 w=191 &=40

Once the transverse parameters have
been obtained, it is necessary to calculate the
length of the coupled section. For this, it is
necessary to calculate the effective even and odd
mode permittivities e.¢r . Y €.f5,0, SO that:

r=<s5n = 00728 )
s+ 2w
=————=10.872 2
ky s+ 2w+ 2d 0.8729 @
1—r1r?
By = [(—Zl = 0.9994 (3)
(1—k1?)
S 2
n(i +w+d)
4)
A= > = 12.6150
S 2
n(i +w+d)
cosh | —&—+——
2R
N = ()
2.0
= 13.1150
S 2
(TG W) (6)
tc = sinh T —A=1.1644
2
o mGwl
tC:SIIlh T —AN+1.0 (7)
= 1.6644
T S\ 2 8
tp = smh(4h) _A=-125932 O
t'p = si h[’”]2 AN+ 1.0 )
g = Sin ah .
= —11.9660
PR e
k, = A " o477 (19

tB\/AZ—tC2+ te A2—tg?

\/A,Z l \/A,Z r
(11)
s NP —t 2+t fA'z t's’

= 0.6829
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K(B,)
KBy
KB
K (ko) " K'(Br)

2 Kk | K(Bikr)
LRk TG
efre 2.0 K(ke) K(ﬁlkl)
T K'(ke) " K'(Bikq)
=2.7739

K(k,)
26 K (k)

£ =
oo =7 Kky)

+

= 2.5342 (12)

+

(13)

+

Because the two permittivities are
different, to find the wavelength it is necessary
to calculate the average of the two permittivities.

<‘:effe + geffo
Eeffavg = — 5

2
27739 + 2.5342

2
= 2.6540

(14)

Thus, the average wavelength is:

3-1011
A

c
9 Feerravg  25°V2.654 (15)
= 73.65mm

Therefore, the length of the coupler
should be:

L=24/4=18414mm (16)

Finally, the dimensions of the lines going
to each of the ports are calculated using the
equations for a simple CBCPW manufactured in
the same commercial process with FR-4,
thusZ,; =50Q, a=1.91, h=16Yy ¢ =4.0.
The following calculations are then performed:

k= % = (1.91)/(2.64)=0.7235

17)
tanh( )
k, = ﬁ 0.8529 )

k' =+/1.0 — k? = 0.6903 (19)

k'y = /1.0 — k% =0.5220 (20)
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The dimensions of the coupled section
are shown in Table 1, while for the single
waveguide section they are shown in Table 2.

Parameter |
k 3.188 (10 dB)
Zso 50 Q
& 4.0
t 0.035 mm
d 0.3 mm
w 1.91 mm
S 0.3 mm
h 1.6 mm
L 18.414 mm

Table 1 Physical and electrical parameters of the CBCPW
Dual (coupled section)

Zso 50 Q
& 4.0
t 0.035 mm
a 1.91 mm
b 2.64m
h 0mm

Table 2 Physical and electrical parameters of the single
CBCPW

Results

To validate the design of the directional coupler,
its dispersion parameters obtained by simulation
using Ansys High Frequency Structure
Simulator (HFSS) will be analysed.

The graph in Figure 9 shows the return
loss at ports 1, 2 and 3, which correspond to the
input port, direct output port and the coupled port
respectively. The graph shows that the return
loss at all ports remains below -10 dB over the
entire frequency spectrum and close to -15 dB
around the frequency of interest. Overall, a low
level of return loss is shown, thus demonstrating
that the design specifications are met.
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Figure 9 Return loss (dB), parameters S,;, 5,5, S35 in a
frequency range of 1 to 4 GHz

The graph in Figure 10 shows the
insertion losses corresponding to parameter S;,,
the coupling level in the parameter S;5 and the
isolation level on port 4 in parameter S;,. The
graph shows that this parameter is above -5 dB
over the entire frequency range sampled and
between -1 and -2 dB around the frequency of
interest, demonstrating that the coupler has low
transmission losses from the input port to the
direct port.

0
—_ = T T T T T
i
i

_—-—Insertion Loss|-
= === Coupling
e Isolation
Ty I A T S S S T S A R S S N
0.0 05 1.0 1.5 2.0 25 3.0 35 40
Frequency (GHz)

a0 [t ebenbenden e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Insertion Loss, Coupling & Isolation (dB)

Figure 10 Insertion loss, coupling and isolation factor
(dB), in a frequency range from 1 to 4 GHz

On the other hand, the blue curve shows
how the coupling factor (coupling) remains at -
10 dB for frequency values between 2 and 2.75
GHz. In turn, the isolation factor (isolation) is
maintained at values below -15 dB in almost the
entire frequency spectrum, with a minimum of -
37 dB at 2 GHz; in general, good levels of both
coupling and isolation are observed for the entire
sampled range.
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S, & S5, Angles (dB)

i 1 i i i " 1 i i
1.0 15 20 25 3.0 35 4.0
Frequency (GHz)

Figure 11 Angles of S;, ¥ S;5 expressed in degrees over a
frequency range of 1 to 4 GHz

Finally, the angles of the parameters are
S1, and S;5 shown in degrees. In a directional
coupler, there must be a phase shift of 90°
between the output signal at port 2 and the
coupled signal at port 3. From the graph in
Figure 12, a phase shift close to 90° is observed
between the two signals, a condition that is met
for a range of 1.4 to 2.75 GHz.
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Conclusions

From the analysis of the results obtained by
simulation, a coupling factor of -10 dB is
observed in the frequency range from 1.75 to
2.75 GHz. Also, it is observed that in the same
range a good level of isolation is achieved at the
frequency of interest, which remains below -15
dB in almost the entire sampled spectrum and at
a value of -18 dB at the centre frequency. The
return loss remains below -10 dB throughout the
range, i.e. there are low levels of return loss.
Furthermore, it can be observed that the power
transferred to the direct port decreases by -1.8 dB
with respect to the incident power and that the
angle between the two signals is 4° above 90°,
I.e. 4.4% of the ideal value.
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This shows that the coupler complies
with the specifications by presenting low
insertion and return loss, a good level of
coupling at the centre frequency (2.5 GHz) and
a good level of isolation of less than -15 dB.
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Abstract

This article shows the simulation results of an organic
Rankine cycle (ORC) operating with the R134a working
fluid and a Kalina Cycle operating with the ammonia-
water mixture in order to compare the results and detect
the better performing cycle. The working conditions were
attained through a field visit to the town of Los Negritos,
Michoacan, where it was determined that it is a superficial
low-enthalpy source. To conduct the simulations, the
Software Engineering Equation Solver (EES™) was
employed. In the ORC, a net electric power output of
10.97 kWe was obtained with 4.58% cycle efficiency,
while with the Kalina cycle, a net power output of 5.53
kWe was obtained along with an overall efficiency of
6.61%.

Energy evaluation,
Thermodynamic cycles

Geothermal energy,

Resumen

El siguiente trabajo muestra los resultados de la
simulacion de un Ciclo Rankiene Organico (ORC)
operando con el fluido de trabajo R134ay un Ciclo Kalina
operando con la mezcla amoniaco-agua, con la finalidad
de comparar los resultados y detectar el ciclo con mejor
desempefio. Las condiciones de trabajo se obtuvieron a
través de una visita de campo a la localidad Los Negritos,
Michoacén, donde se determiné que se trata de una fuente
de baja entalpia superficial. Para realizar las simulaciones
se empled el Software Engineering Equation Solver
(EES™). En el ORC se obtuvo una potencia eléctrica neta
de salida de 10.97kWe con una eficiencia del ciclo de
4.58%, mientras que con el ciclo Kalina se obtuvo una
potencia neta de salida de 5.53kWe y una eficiencia global
de 6.61%.
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Introduction

Mexico’s energy production is primarily based
on fossil fuels (86.90%), while renewable
resources contribute 11.25%, as seen in Figure 1
(SENER, 2021). However, conducting energy
power studies is of vital importance- especially
of the energy sources that can be exploited in a
reliable and safe way- in order to diversify the
national energy matrix and simultaneously focus
on distributed, non-centralized generation
(Abrigo, 2022). Accordingly, geothermal energy
is a viable alternative, given that previously
tested technology can be applied (Fridleifsson,
2001; Noorollahi, Shabbir, Siddiqi, Ilyashenko,
& Ahmadi, 2019; Palomo-Torrejon, Colmenar-
Santos, Rosales-Asensio, & Mur-Pérez, 2021).
Renewable energies in Mexico are diversified as
seen in Figure 2, where the most exploited or
used is biomass (6.34%), firewood (4.87%),
followed by geothermal (1.65%), and then cane
bagasse (1.47%).

Nuclear
1.85%

Condensed

Natural Gas

2567

Crude Oil

Figure 1 Production of primary energy in Mexico
Source: (SENER, 2021)

Figure 2 Contribution of renewable energies
Source: (SIE, 2022)
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By 2020, Mexico was in sixth place
worldwide in regard to the use of its geothermal
energy resources (Huttrer, 2020). Currently,
there are plants established in Cierro Prieto, Los
Azufres, Los Humeros, Tres Virgenes, and
Domo San Pedro (Villeda, Zufiga, & Flores,
2021). The state of Michoacan is located on the
Trans-Mexican Volcanic Belt (Gémez-Tuena,
Orozco-Esquivel, & Ferrari, 2005), where in
addition to there being manifestations of
geothermal energy in the Los Azufres zone, sites
in the Ciénega de Chapala Region have been
studied and identified, including Ixtlan,
Pajacuaran, and Los Negritos (Martinez R. J.,
2014).

Accordingly, the Los Negritos zone—
located in the Villamar municipality in the state
of Michoacdn—has been selected to conduct a
feasibility study on the generation of electric
energy, taking advantage of the zone’s
superficial geothermal resource (Molés,
Navarro-Esbri,  Peris, Mota-Babiloni, &
Kontomaris, 2015). To this end, this article
analyzes an organic Rankine cycle operating
with a R134a working fluid (Vera-Romero,
Corona-Ruiz, Reyes, Nava, & Murillo, 2018)
and also a Kalina cycle, which is still a steam
cycle, but it operates with a binary mixture of
ammonia and water (Madhawa Hettiarachchi,
Golubovic, Worek, & Ikegami, 2007). The
results will be compared to detect the benefits of
one cycle in contrast with the other, both for each
set of equipment and in general by measuring the
net power output and the cycle’s overall
efficiency.

Metodology

To determine the cycles’ operating conditions, a
field visit was made to the Los Negritos area,
located 10 km east of the city of Sahuayo in the
northeast corner of the state of Michoacan, in the
municipality of Villamar, one kilometer from
Alberca Lake (see Figure 3).

VERA-ROMERO, Ivan, MARTINEZ-REYES, José and
MENDEZ-ABREGO, V. Manuel. Assessment of an organic
Rankine cycle and a Kalina cycle for a single source of low-
enthalpy geothermal heat. Journal of Research and
Development. 2022
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In this zone, there are volcanic rocks with
andesitic and basaltic compositions, with
vitreous augite andesites, lacustrine sediments,
and manifestations (Le Bert et al., 2011) such as
springs, mud volcanoes, and thermal and
fumarole  manifestations  (Figures  4-6).
Photographs were taken with a FLUKE Ti32 IR
FUSION TECHNOLOGY industrial
thermographic camera to identify and obtain a
temperature  profile of the geothermal
manifestations, using SmartView™ software for
their proper handling. The images show a visible
light spectrum, an image on the thermal scale,
and a 3D image of the isotherms (Figure 7).

Figure 3 Los Negritos, Villamar, Michoacéan
Source: Google Earth Adaptation

Figure 4 Spring, Los Negritos
Source: Author’s File

Figure 5 Mud Volcano, Los Negritos
Source: Author’s File
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The  operating conditions  and
considerations beginning at the time of the field
visit are seen in Table 1. For the simulation,
general equations (eqn. 1-15) for balance were
used according to the first law of
thermodynamics (Table 2), which were
programmed in the Engineering Equation Solver
(ESS™). Both evaluated cycles are considered
steam cycles, mainly based on the conventional
Rankine cycle but with some variations,
depending on the cycle that is studied. For the
ORC, the cycle is the same; the only difference
from the conventional cycle is the working fluid:
while the conventional cycle operates with
water, the ORC employs a working fluid
qualified as organic for its physicochemical
characteristics (Figure 8). The Kalina cycle does
have some substantial differences; mainly, it
uses a binary mixture of ammonia and water in
addition to being more complex in its
constitution and analysis (Figure 9).

Figure 6 Geothermal Manifestation, Los Negritos
Source: Author’s File

b) Thermal scale image

e

¢} 3D limage

Figure 7 Primary Plain, Los Negritos
Source: Author’s File
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Temperature of the geothermal source 92°C °
Temperature difference in the steam 10 °C E
generator
Temperature difference in the condenser 10 °C O
Isentropic efficiency of the steam turbine 85 % ©, [Q
Isentropic efficiency of the pump 80 % ceothonmal e 0 .cd
Efficiency of the electric generator 96 % well ‘
Effectiveness of the steam generator 100 % —
Effectiveness of the heat exchanger inside 70 % e
the grgenhouse . Figure 9 General outline of the Kalina cycle
Effectiveness of the regenerator (Kalina) 70 %
Mass flow rate of the geothermal fluid 1 kgls Results

Table 1 Conditions and Considerations for the ORC and
Kalina Cycle Simulations

Pump (ocr) Wp = mwz;l(hz _hhl) 1
2s — 1 2
effP - hz _ hl
Pump (kalina) Wp = myyp(hs — hy) 3
hgs — hsg 4
effp = m
Evaporator (ocr) Qin = tyr(hy — hy) )
Evaporator Qin = Ms(hs — hy) 6
(Kalina)
Turbine ocr) Wy = myyp(hs — hy) !
hs — hy, 8
effr s — hae
Turbine (alina) Wy = mg(he — hyo) 9
Condenser ocr) | Ocon = Myr(hy — hy) 10
Condenser (Kalina) QCON = Th1(h1 — hz) 11
Electric Wge = (Wp — Wp) 12
Generator (orc y * efpg

Kalina)
Mass Balance

. . 1
Z Mip — Z Mout 3
Z Ein - Z Eout 14

Thermal Wy — Wp 15
Efficiency effin = 0,
n

Energy Balance

Table 2 Equations used for the ORC and Kalina cycle
simulations (egn. 1-15)

Geothermal

Source

Electric
Generator

‘
XE==—

Cooling Tower

Geothermal
Well

Figure 8 General outline of the organic Rankine cycle
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In the case of the Kalina cycle, before obtaining
the results to compare with the ORC, a series of
simulations was carried out in which the
maximum  working  pressure and the
concentration of ammonia in the mixture varied
in order to find the most optimal operating
conditions. The results are shown in Table 3. The
pressure varied between 10, 20, and 30 bar,
while the concentration was between 0.48 and
0.78, with a 0.10 variation for each run. It can be
observed that the highest efficiencies were
6.61% at a concentration of 0.48 and a pressure
of 10 bar, and an efficiency of 6.80% at a
concentration of 0.78 and a pressure of 30 bar.
According to these data, the first operating
conditions were selected for the work, given that
the cost of investment would be lower for having
a smaller pump and also needing less
replacement working fluid (WF) in the system.

Pressure X (Concentration of Efficiency of
(bar) ammonia in the Kalina cycle
mixture) (%)

10 0.48 6.612

0.58 4.868

0.68 2.714

0.78 1.052

20 0.48 -3.509

0.58 1.99

0.68 6.75

0.78 6.215

30 0.48 -18.7

0.58 -10.93

0.68 -5.445

0.78 6803

Table 3 Comparison of the results of the Kalina cycle
simulation in terms of pressure, concentration, and
efficiency obtained

The results for each current involved in
the ORC are shown in Table 4. Likewise, the
results for the Kalina cycle are shown below
(Table 5).

VERA-ROMERO, Ivan, MARTINEZ-REYES, José and
MENDEZ-ABREGO, V. Manuel. Assessment of an organic
Rankine cycle and a Kalina cycle for a single source of low-
enthalpy geothermal heat. Journal of Research and
Development. 2022
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h(kJ/kg) | s(kJ/kg K)

No. P(MPa) | T(°C)

1 0.7487 29.00 92.13 0.3432
2 1.265 29.38 92.68 0.3435
3 1.265 82.00 312.6 1.025
4 0.7487 64.00 301.6 1.025

Table 4 Simulation results of the ORC

P = 10bar
x=0.48

P S T v X
(bar) v (kd/kg K) (K) (mPfs) (kg/kg)

1 152.8 3.175 0.1351 1.127 315.4 0.06462 0.48

2 -109.8 3.175 0 0.2801 302.1 0.00120 0.48

3 -108.8 10 -0.001 0.2808 302.2 | 0.0012 0.48

4 39.48 10 -0.001 0.7463 335.2 | 0.00124 | 0.48

5 3214 10 0.1381 1.555 355.1 | 0.02354 | 0.48
6 1472 10 1 4.893 355.1 | 0.1628 0.9722
7 137 10 0 1.02 355.1 | 0.00123 | 0.4011
8 -35.06 10 -0.001 0.5076 316.6 [ 0.00117 | 0.4011
9 -35.06 3.175 | 0.00304 | 0.5101 315.7 | 0.0026 0.4011
10 1325 3.175 | 0.965 4.977 310.7 | 0.4468 0.9722

Table 5 Simulation results of the Kalina cycle

With the data obtained for both cycles,
the next step was to compare the functioning of
each set of equipment, where it was observed
that the ORC needs more power for the pump
(Graphic 1); therefore, it does not only require a
higher working power for the cycle, but it also
needs a higher mass flow rate of working fluid
per unit of geothermal fluid (Graphic 2). For
each unit of geothermal fluid, the same amount
of working fluid is needed for the ORC, while
for the Kalina cycle, only a little less than 0.25
kg of the ammonia-water mixture is needed.
Pump Power / kW

0.5

0.4

0.3

0.2

- .
0

Working Fluid

WR134a B NH3-H20

Graphic 1 Power demanded by the pump

12 Relationship (WF/GF)

1

0.8

0.6

0.4

=
§]

Working Fluid

m R134a mNH3-H20

Graphic 2 Mass flow rate of the working fluid in relation
to the geothermal fluid
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The heat supplied by the geothermal fluid
in the part of the steamer can also be considered
heat used by the cycle to subsequently be
transformed into electrical power. In this area, it
can be observed that there is a considerable
difference between the heat that one cycle or the
other is capable of using; while the heat supplied
for the ORC is approximately 220 kWt, the heat
used by the Kalina cycle is only 83.58 kWt
(Graphic 3). This is most likely because the
differences in temperature between the working
fluid currents at the steamer’s input and output is
greater in the ORC compared to in the Kalina.
Therefore, the ORC is capable of using the heat
better, because when its current 2 reaches the
steamer, it has a lower temperature than current
4 of the Kalina cycle; this makes it susceptible to
absorbing a higher amount of heat for the cycle.

In the case of the net power output of
both cycles and the efficiency obtained
respectively, it can be observed that while the
Kalina cycle’s efficiency (6.61%) was higher
than the ORC’s efficiency (4.58%), the power
output does not behave in the same way (10.54
kWe and 5.77 kWe, respectively), as observed in
Graphic 4 and 5.

Qin / kWt

210
180
150
120
90

: =

Working Fluid

W R134a B NH3-H20

Graphic 3 Heat supplied in the steamer

7% Thermal efficiency
6%
5%
4%
3%
2%
1%
0%
Working Fluid
HR134a B NH3-H20

Graphic 4 Thermic efficiency obtained for the ORC and
Kalina cycle
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Even though the Kalina cycle was more
efficient, it does not produce more power than
the ORC. This is because the heat in the steamer
that can be used by the ORC is much higher than
that used by the Kalina cycle. This is due to the
cycles’ internal operating conditions and the
conditions that this low-enthalpy geothermal
source presents, since the geothermal fluid can
only transfer heat to the working fluid at a
temperature of 82° C.

A more exhaustive analysis could
demonstrate more clarity on the latter fact,
especially if analyzed according to the second
law of thermodynamics, since this would make
it possible to observe which of the two cycles
destroys more exergy.

Net Power Output / kWe

Working Fluid

| it13da B NHI-H2

Graphic 5 Net power output for both cycles

Conclusions

The analysis indicates that these types of electric
power generation plants are possible alternatives
for low enthalpy sources, as in the case of the
town of Los Negritos, Michoacan. Also, it was
detected that while the Kalina cycle has higher
thermic efficiency than the ORC cycle, the net
power output was greater for the latter. This is
attributed to the temperature difference in the
steamer; on the cycle side, it is higher for the
ORC than for the Kalina. That said, the heat used
by the ORC in the steamer is considerably
greater than what is used in the Kalina cycle.
More exhaustive studies of the analyzed
conditions are needed in order to determine the
benefits of these cycles.
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Abstract

In the present investigation was optimized and automated
a prototype of an electrospinning system. In addition, the
methodology for preparing the polymeric film with
polycaprolactone micro and nanofibers (PCL) loaded with
Neem extract was optimized as a proposal for the
treatment of cervical cancer. Also, a UV-VIS
spectrophotometric method was developed for the
quantification of Neem extract encapsulated in PCL
polymeric nanofibers through the formation of a
colorimetric complex with FeCl3. The wavelength used to
quantify the Neem extract was 423 nm. The prototype built
allowed the formation of nanofibers loaded with Neem
extract with a diameter of 22-71 nm in diameter. The
encapsulation efficiency of the Neem extract was 78.4%.

Electrospinning, Cervicouterine cancer, Polymeric
membrane

Resumen

En el presente trabajo se optimiz6 y automatizé un
prototipo de sistema de electrohilado. El sistema de
electrohilado, nos permitié preparar una membrana
polimérica no tejida con micro y nanofibras de
policaprolactona (PCL) cargadas con extracto Neem como
alternativa para el tratamiento de cancer cervicouterino.
Ademas, se desarrolldé un método espectrofotométrico
UV-VIS para la cuantificacion de extracto de Neem
encapsulado en las nanofibras poliméricas de PCL por
medio de la formacién de un complejo colorimétrico con
FeClI3. La longitud de onda utilizada para cuantificar el
extracto de Neem fue de 423 nm. El prototipo construido
permitid la formacién de nanofibras cargadas con extracto
de Neem con un didmetro de 22-71 nm. La eficiencia de
encapsulacién del extracto de Neem fue de 78.4%.

Electrohilado, Cancer cervicouterino, Membrana
polimérica
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Introduction

Cervical cancer is a health problem with a high
mortality rate. Specifically, Mexico occupies the
second place in cases, behind breast cancer. Its
high incidence is related to ignorance and low
culture of prevention, since this cancer is
detectable, and if discovered in a timely manner,
the chances of curing it are high.

According to the World Health
Organization (WHOQO), there are more than 6
million cases of cancer in women; 57.2% of
these cases occur in developing countries. In
Mexico, cervical cancer is the second leading
cause of cancer death in women. Annually, there
is an estimated occurrence of 13,960 cases in
women, with an incidence of 23.3 cases per
100,000 women (CNEGSR, 2016). Cervical
cancer is multicausal and is due to the
association of different risk factors. One of the
main causes is human papillomavirus (HPV)
infection. Co-infections of HPV with other
sexually transmitted infectious agents, such as
Chlamydia trachomatis, herpes simplex virus
type 2 (HSV-2) and human immunodeficiency
virus (HIV) possibly condition a synergistic
effect that increases the chances of cellular
alterations leading to the development of a
neoplasm. Chlamydia trachomatis infection and
marginally HVS-2 favor the entry and
persistence of multiple HPV types, leading to
viral integration, inhibition of apoptosis,
overexpression of E6/E7 oncogenes and cellular
transformation (Hernandez-Hernandez et al.,
2015).

In addition, some of the causes of the
presence of cancer are aggravated or originate
from other vaginal infections. As of 2014 in
Mexico, during reproductive age 75% of women
experience at least one episode of vulvovaginal
candidiasis. Approximately 6 to 55% of healthy
women are asymptomatic carriers (Solis-Arias et
al., 2014). Vulvovaginal candidiasis is a very
common infection affecting at least 50% of
women once in their lifetime; it accounts for
25% of total vaginal infections. Recurrences are
frequent and it has been estimated that 50% of
cases will present a second episode after the first
clinical picture (Martinez-Perez et al., 2018).
There are several cytotoxic drugs used in the
treatment of cervical cancer, which present
many adverse effects that are derived from the
use of high doses and/or due to the lack of
specificity in the therapeutic target.
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Nanotechnology offers a series of
opportunities for pharmaceutical innovation, by
exploring new routes of administration that are
less aggressive and more comfortable for the
patient through the development of different
therapeutic nanosystems, nanofibers,
nanoparticles, nanocapsules, etc. Offering the
possibility of significantly improving treatment
schemes with a modified release of active
molecules. The advantages of nanosystems such
as: protection of labile drugs, controlled release,
modulation of adhesion and/or penetration to
vaginal mucus; offer a great opportunity for their
application in vaginal drug delivery (Nunes et
al., 2021). Nanofibers are an example of these
nanosystems, generally possessing a diameter of
less than 1000 nm, reaching even kilometer
lengths (Zhang et al., 2018). Currently, their
interest and research is increasing because they
have the following advantages: greater surface
area that allows greater interpenetration; high
bioadhesive strength, which allows longer
contact time and controlled release of active
ingredients; easier and more comfortable
administration for patients (Machado et al.,
2016).

There are different techniques for
obtaining nanofibers, which are limited by the
type of material, type of solvents, manufacturing
times and low process efficiency. For example,
by controlling process factors such as applied
voltage or flow rate of the solutions, it is possible
to control nanofiber characteristics such as
porosity, specific surface area, mechanical
strength and morphology (Sanabria-Romero F.,
2022). The electrospinning process is simple and
has the following stages: a polymeric solution is
contained in an injection syringe, the metal tip of
the injection system is connected to a high
voltage source (5-50kV), when the electric field
is able to overcome the surface tension of the
polymeric solution droplet deforming it to a
conical "Taylor cone" tip, the polymeric solution
starts to flow as a distorted jet which is attracted
and electrically deposited on a collector plate as
solid fibers, forming a polymeric membrane on
the collector (Figure 1) (Velasco-Baraza et al.,
2016).
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Figure 1 Electrospinning configuration system
Source: (Velasco-Baraza et al., 2016)

In this research work, it is proposed to
obtain polymeric nanofibers as a delivery system
for Neem (Azadirachta indica) extract due to its
cytotoxic properties to combat cervical cancer.
According to studies by Avalos-Soto et al.
(2014), ethanolic extracts of A. indica showed
toxic and cytotoxic activity, being the ethanolic
extract of Neem seed the one that presented the
highest toxic activity with an LD50 of 476 pg/mi
on A. indica nauplii, regarding cytotoxic activity
the crude extract of Neem leaf was the one that
presented the highest activity with an IC50 of 22.
03 pg/ml on the MCF7 line (breast cancer), the
hexane fraction of Neem leaf was the most active
on the MCF7 cell line (breast cancer) with an
IC50 of 25.17 pg/ml; these results allow us to
consider it as a potential adjuvant in the
treatment of cancer. Therefore, the objective of
the present work is to design and automate a
horizontal electrospinning system to elaborate a
polymeric membrane with nano and microfibers
of prolonged release of Neem extract as an
alternative for the treatment of cervical cancer.

Materials and Methods
Materials

Poly-e-caprolactone (PCL) (P.M. 80,000) was
purchased from Quimica, S. de RL. de CV
(Mexico). Neem extract was purchased from
Extractos Sigma S. A. de C. V. (Mexico). ACS
glacial acetic acid and reagent grade acetone
were purchased from Fermont® (Mexico). 5 ml
sterile syringes with 21G gauge needles and 32
mm length were used. Electronic components
from disused computers and printers were
recycled for the construction of the
electrospinner.
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Equipment

UV-Vis spectrophotometer (Thermo Scientific,
Genesys 10uv Scanning, USA), inverted
platinum optical microscope, (Carl Zeizz, M.
AX10Vert.Al, Mexico).

Experimental Methods
Construction of the electrospinning system

Recycled parts were collected from electronic
devices: flayback (computer monitor), electricity
saving light bulb circuit, printer roller, motor and
syringes. The parts were assembled on an acrylic
platform according to the electrospinning system
scheme (Figure 1). Previously the recycled parts
such as flayback, printer roller and motor were
cleaned with alcohol.

Automation of the electrospinning system

The movement of the infusion pump from right
to left was automated to avoid agglomeration of
the fibers at the time of injection, installing an
Arduino board controlled by means of an
algorithm to establish the direction and speed of
rotation of motors with an L293D driver. The
movement of the collector plate was controlled
by a 5V motor connected directly to the power
outlet with a 5V eliminator. A U.V. lamp was
also installed on top of the system for aseptic
conditions. The voltage source (flayback) was
obtained from an old computer monitor, with 10
and 15 Kv characteristics.

Fabrication of polymeric micro and nanofibers

A polymeric solution was prepared employing
poly-e-caprolactone (16.66 % (w/v)) and 50 mg
of Neem extract, using acetone as solvent. A
blank polymeric solution was prepared at the
same concentration, without the addition of
extract. The prepared polymeric solution was
deposited in a 5 ml syringe coupled with a 21G
X 32 mm gauge metal needle. The polymeric
solution was injected under continuous flow,
using a voltage of 10 kV at a distance of 10 cm
from the collector plate, which was covered with
aluminum foil where the nanofibers were
deposited.
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Morphology

Fiber morphology and size were determined by
means of an inverted optical microscope (Zeiss),
employing a 1000 X magnifying eyepiece. The
morphology of poly-e-caprolactone fibers (PCL-
NFs) and poly-e-caprolactone fibers with Neem
extract (PCL-NEEM-NFs) was evaluated.

Encapsulation efficiency of Neem extract

Samples of 50-100 mg of the polymeric
membrane were hydrolyzed with 3 ml of [1.3 M]
HCI for 48 hours. Subsequently, the samples
were neutralized with NaOH [2.5 M]. The
systems were filtered with a Millipore 0.22 pm
membrane. The filtrate obtained was made up to
10 ml using an 8% (w/v) sodium lauryl sulfate
solution (LSS) as solvent (Solution A). Aliquots
of 5 ml of Solution A were taken and 20 pl of a
0.5% (w/v) FeCls acid solution (Solution B)
were added. This solution was heated to a
temperature of 60°C for 15 min, allowed to cool
to room temperature and its absorbance was
determined at a maximum wavelength (1) of 423
nm.

The amount of loaded extract was
obtained from the formula 1:

9%E.C.=(CE/CEI)*100 (1)

Where E.C., is the amount of extract
loaded on the polymeric membrane, C.E, is the
amount of loaded extract determined and C.E.I.,
is the amount of initial extract.

Results and discussion
automation of the

Construction  and
electrospinning system

Figure 3 shows the final prototype of the
automated electrospinning system. As a result, a
fixed structure was obtained for the injection
pump by means of rails, through which the
direction and form of injection of the polymeric
solutions on the collector plate can be controlled.
An Arduino system controlled by a cell phone
was coupled to control the injection speed of the
infusion pump.
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Figure 2 PCL polymeric membranes obtained by the
electrospinning technique

Fabrication of polymeric micro and nanofibers

The assembly of the electronic components to
assemble the electrospinning prototype was
adequate, using such equipment polymeric
membranes of  poly-e-caprolactone  were
obtained. The dimensions of the films formed
were 17 x 17 cm in area (Figure 2).
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Figure 3 Automated electrospinnng system for obtaining
polymeric membranes

Morphology

As shown in Figure 4, the PCL-NFs obtained
have a diameter of 28-35 nm. The micrograph of
the polymer film indicates a variation between
the sizes of the nanofibers, this may be due to the
lack of control of the injection rate of the
polymer solution, a factor that will be considered
for the formation of the following membranes.
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In Figure 5, the polymeric membrane
containing Neem extract presents a greater
thickness and therefore a larger diameter of the
fibers (22-71 nm). This may be due to the
presence of the extract, due to an increase in the
viscosity of the solution to be injected. However,
despite having control over the injection rate, the
polymeric membrane still continues to form with
differences in nanofiber sizes. This suggests the
need to control the injection distance, as well as
to control parameters of the polymeric solution,
such as: viscosity, type of solvent, concentration,
conductivity, among others.

[ e
7N « 35nm

\28 nm

Figure 4 Optical micrograph of the polymeric membrane
PCL-NFs. Images taken with a Carl Zeiss inverted optical
microscope at 1000x magnification

=

22 nm
— e

71 nm
A

Figure 5 Optical micrograph of the polymeric membrane
PCL-NEEM-NFs. Images taken with a Carl Zeiss inverted
optical microscope, at 1000x magnification

According to the results, the prototype
electrospinning equipment presents some
limitations that can be modified and adapted,
such as: a) the power supply has a maximum
voltage of 15 KV, b) the size of the fibers is
dependent on the power of the power supply.
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Neem extract encapsulation efficiency

In Graphic 1, the UV-VIS absorption spectrum
of the 0.5% Neem extract-FeCI3 colored
complex is shown. The absorption maximum
occurred at a wavelength of 423 nm. According
to Fong Lores et al. (2014), Neem extract, can
form colored complex with FeCls to determine
phenols and tannins, in this study, the colored
complex of Neem extract with FeClz was formed
to quantify its content present in PCL-NEEM-
NFs.

N

Absorbance (a.u)

o = f
o vk, 1N O oW

384 484 584 684
Wavelength (nm)

Graphic 1 UV-Vis spectrum of the colored complex of
Neem-FeCls at 0.5%

Graphic 2 shows the linear relationship
between the concentration of the colored
complex of Neem-FeCl3 extract at 0.5% and its
absorbance, in the concentration range of 0.10 to
0.51 mg/ml (r>=0.99). In Table 1, the results of
the calibration curve have a coefficient of
variation of 2.24% less than 3%, a criterion
established in the Guide for the Validation of
Analytical Methods (Garcia et al., 2002), these
values indicate that the method is reliable for
quantifying the concentration of Neem extract
on the polymeric membrane.

0.6000
0.5000
0.4000
0.3000
0.2000
0.1000

0.0000
0 002 004 006 008 01 012

Concentration (mg/ml)

y =5.0702x + 0.0007
R2=10.9987

Absorbance (a.u.)

Graphic 2 Calibration curve of the 0.5% Neem-FeCls
colored complex (A=423nm)
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Concentration Absorbance Abs/conc
(mg/ml)
0.02 0.1009 5.05
0.02 0.1063 5.32
0.02 0.1048 5.24
0.04 0.2019 5.05
0.04 0.1998 4,99
0.04 0.2115 5.29
0.06 0.3028 5.05
0.06 0.2945 491
0.06 0.3026 5.04
0.08 0.4137 5.17
0.08 0.4041 5.05
0.08 0.3997 4,99
0.1 0.5046 5.05
0.1 0.5148 5.15
0.1 0.5115 5.12
Average 5.09
Stand. Deviation 0.11
%C.V. 2.25
Note: C.V. Coefficient of variation

Table 1 Calibration curve to evaluate the linearity of the
UV-VIS spectrophotometric method for the quantification
of Neem-FeCls at 0.5% (A=423nm)

The calibration curve allowed us to
quantify the amount of Neem extract loaded on
the polymeric membrane. The percentage of
encapsulation efficiency was 78.4%, a favorable
result, however, further studies will be necessary
considering a higher load of extract to be loaded
on the polymeric nanofibers.

Conclusions

A prototype of electrospinning equipment was
built and automated from recycled parts of
electronic components. The prototype allowed
us to obtain a polymeric membrane of PCL-
NEEM- NFs, with diameters in the range of 22-
71 nm. The variation in the average diameter of
the nanofibers suggests that it is necessary to
have greater control over the infusion rate of the
polymeric solution to obtain more homogeneous
fiber diameters, in addition to the need to
correlate the parameters of the polymeric
solution to optimize the obtaining of
homogeneous membranes. The method to
quantify the Neem extract in PCL-NEEM-NFs
allowed us to determine that we were able to
obtain 78.4% encapsulation efficiency. The
PCL-NEEM-NFs film may be a viable
alternative for cytotoxicity studies with cervical
cancer cell models.
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