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Protocolo de investigacion

Introduccion

La corrosion es un proceso natural de los materiales en el cual ocurre una
degradacion de éste, en el caso de los metales es un sinénimo para referirse a la
oxidacion que pueden sufrir por una serie de distintos mecanismos en el que el metal

logra regresar a su forma oxidada, la cual es mas estable quimicamente.

Los inhibidores son uno de los métodos mas ampliamente usados en la industria y
otros campos para proteger a los metales y aleaciones de la corrosion. Su
funcionamiento radica en que pueden disminuir, prevenir y controlar la corrosion al

ser anadidos en cierta cantidad.

Muchos de estos compuestos son de caracter organico, pero son toxicos para los
seres vivos. Las cualidades mas importantes para un buen inhibidor son ser
compatible con el medio corrosivo, tener un costo bajo, una buena eficiencia y por
supuesto el poder ser usado en cantidades a nivel industrial para asi obtener el

resultado de proteger al metal.

Hay varios mecanismos por el que los inhibidores funcionan: Formacion de peliculas
adsorbidas sobre la superficie del metal; genera productos de corrosion que ayuden
a pasivar el metal; y transferir precipitados al medio, estos ayudan a eliminar o

inactivar el elemento agresivo que causa la corrosion.

El acero API 5L X52 es uno de los tipos mas utilizados en la industria petrolera. El
petroleo crudo contiene azufre (S), didéxido de carbono (CO2) e hidrogeno (H2) los
cuales son los principales causantes de la corrosion interna de las tuberias de acero.

Los danos y desgaste que sufren en su interior obligan a la industria a utilizar



inhibidores de corrosion para evitar la corrosion dulce (por el CO2 dentro del tubo) y

por las concentraciones altas de sulfuros.

Objetivos de la investigacion

Determinar la eficiencia del inhibidor, cuyo ingrediente es un Bis Carbohidrato Triazol
en funcién de la concentracién de inhibidor y de las condiciones hidrodinamicas
mediante la técnica de Espectroscopia de Impedancia Electroquimica, como método
de prevencion y proteccion contra la corrosion del acero API 5L X52 en disolucién de
NaCl 3 % saturado con CO:..

Materiales y métodos

Para los experimentos es necesario preparar una disolucién de cloruro de sodio
(NaCl) al 3% peso sobre volumen (w/v), se pesa la cantidad necesaria de la sal y se
afora al volumen apropiado con agua destilada, posteriormente este se le burbujea

CO2 para saturar la disolucion y que esta promueva la corrosién dulce.

Antes de realizar las pruebas de impedancia electroquimica el potencial se estabiliza
en el galvanostato por 1800 segundos, para asegurar un estado de reposo. Se utilizd
un galvanostato con equipo de espectroscopia de impedancia electroquimica (EIS)

Gill-Ac, aplicando una amplitud de £ 10 mV sobre un rango de frecuencia (100 KHz

a 0.1 Hz).

La celda donde se realizaron las pruebas constaba de un sistema de tres electrodos,
el de trabajo con acero API, contra electrodo de grafito y electrodo de referencia de
Ag/AgCl. Por ultimo los datos recabados se procesan en un software de analisis ACM

para la interpretacion de los datos.

Disefio experimental

1) Preparar la disolucién de NaCl 3 % m/m, la cual se satura por 10 minutos con

CO., previo a cada prueba.



2) Las muestras de acero APl 5L X52, constan de probetas cilindricas de

aproximadamente 4.5 cm? de area expuesta. Una de las tapas del cilindro
tiene un orificio con cuerda maquinada para poder atornillarlo al electrodo de
trabajo.Estas se les hace desbaste y se pulen hasta tener un acabado espejo.

3) Se conecta el potenciostato Gill AC, la probeta al electrodo de trabajo, con
contraelectrodo de grafito y electrodo de referencia de Ag/AgCl, todos deben
estar en contacto con la disolucién de Nacl 3% ya saturada con CO:x.

4) La secuencia de pruebas en condiciones estaticas es la siguiente: Medicion de
potencial a circuito abierto (OCP), Impedancia electroquimica (EIS) y curvas
de polarizacién (CP). Para las pruebas de condiciones hidrodinamicas se
coloca el electrodo de trabajo a 100 rpm, de acuerdo a las condiciones de
turbulencia de la norma NRF-005 PEMEX-2009

5) La medicion de OCP se realizara contra electrodo de plata/cloruro de plata en
un equipo Gill AC durante 30 minutos.

6) EIS. La amplitud de la sefial sera de £ 10 mV y el intervalo de frecuencias sera
de 100 KHz a 0.1 Hz, empleando potenciostato Gill AC, electrodo de referencia
de plata/cloruro de plata y contraelectrodo de grafito. Calculo de la densidad
de corriente de corrosion asumiendo control activacional a partir de la
Resistencia a la transferencia de carga mediante la ecuacién de Stern-Geary.

7) Las CP se realizan con sobrepotenciales desde -500 mV hasta +500 mV con
el mismo arreglo experimental ya descrito anteriormente. Velocidad de barrido
60 mV/min. Los ensayos se hacen por triplicado y los datos son procesados
para su analisis, para posteriormente formular los graficos Nyquist y curvas de
polarizacién.

8) Las concentraciones de inhibidor se iran variando de 0, 5, 10, 20 y 50 ppm.

Revision bibliografica preliminar al tema

1. Estudio de la estrictosamida como inhibidor de corrosién inducida por cloruros en

acero al carbono, Mauricio Gachuz Rojas, Francisco Javier Rodriguez Gomez, 2018.

2. Evaluacion electroquimica del efecto inhibidor del aloe vera en sistemas acero AlSI

SAE 1045-salmuera, Katherine Ramirez Lépez, José Luis Tristancho Reyes, 2018.



3. Evaluacion de inhibidores de corrosion (2-metil-2-imidazolina y 2-fenil-2-
imidazolina) en un medio sulfurico, Gabriela Castro Diaz, Francisco Javier Rodriguez
Gomez, 2016.

4. Evaluacién de inhibidores de corrosion de origen natural en sistemas salinos en

bronce, Aldahir Ignacio Dotor Nuiez, Francisco Javier Rodriguez Gémez, 2016.

5. Aloe vera como inhibidor de corrosion del acero al carbono en soluciones salino-

acéticas, Liliana Rodriguez Caiceros, 2016.

6. Evaluacion de recubrimientos anticorrosivos mediante técnicas electroquimicas.
Correlacion con niebla salina, Maria José Gimeno Pérez, Julio Suay Antén y José

Javier Gracenea Zapirain, 2016.

7. Evaluacién de inhibidores de corrosion de origen natural en sistemas salinos en
funcion de la temperatura, Adolfo Martinez Lépez, Francisco Javier Rodriguez
Gobmez, 2015.

8. Evaluacién de inhibidores de corrosion de origen natural en sistemas salinos en
funcion de las condiciones hidrodinamicas, Yoloxochitl Maria Elena Morales Martinez,

Francisco Javier Rodriguez Gémez, 2014.

9. Determinacién de la velocidad de corrosién en armaduras de acero en presencia
de inhibidores organicos, Alejandro Alfonso Fuentes Fernandez de Mendiola, Juan
Soto Camino, 2014.

10. Inhibidores de corrosion de acero en medios acidos a partir de extractos naturales,

Ramses Garcia Inzuza, Benjamin Valdez Salas y José Maria Bastidas Rull, 2014.



Articulo:
APl 5L X52 Steel Corrosion Inhibition In 3% NaCl Saturated With CO2 By Bis

Triazole Carbohydrate

A. Enriquez-Mena?, A. Espinoza-Vazquez®, F. J. Rodriguez-Gémez?, B. Vergara-

Arenas®, G.E. Negron Silva®, L. Lomas-Romero?, R. Orozco-Cruz®, R. Galvan-Martinez®

a Departamento de Ingenieria Metalurgica, Facultad de Quimica, Universidad Nacional
Auténoma de México, Av. Universidad No. 3000, Coyoacan, C.U., C.P. 04510, Ciudad

de México, México.

b Unidad Anticorrosion, Instituto de Ingenieria, Universidad Veracruzana, Boca del Rio,
94292, Veracruz, México.

¢ Departamento de Ciencias Basicas, Universidad Autéonoma Metropolitana-
Azcapotzalco., Av. San Pablo No.180, C.P. 02200, Ciudad de México, México

d Departamento de Quimica, Universidad Autonoma Metropolitana-Iztapalapa, Av. San
Rafael Atlixco No. 186, Ciudad de México, C.P. 09340, México

Abstract

The corrosion inhibition of bis triazole carbohydrate in static conditions and laminar flow
was tested by means of two techniques, electrochemical impedance spectroscopy
(EIS) and polarization curves. Efficiency results showed that the bis triazole
carbohydrate, from low concentrations, is effective in static conditions and 100 rpm
with /[E = 90 % at 5 ppm. The adsorption process is chemisorption at 0 rpm is
a combined process. These results revealed that the bis triazole carbohydrate is

a good corrosion inhibitor of carbon steel.

Introduction

The corrosion is a natural process, which leads to the deterioration and weakening
of materials through its electrochemical interaction with the surrounding ambient. Thus,
the study of how to prevent the corrosion and invest on the development of new

techniques to help to decrease its effect are important and relevant topicés



nowadays (1). Several methods have been used to control the corrosion of metals,

being one of the most important the use of inhibitors (2).

A corrosion inhibitor is a substance which added in small amounts on a metal decrease
or eliminate the corrosive action (3). Those inhibitors act forming a film over the
metal surface, which may involve the donation of their electrons to the metal. The
effectiveness of the protection process depends on the type of the metal surface, its
properties, the protection time, as well as on the ambient conditions:

temperature, moisture and corrosive environment (4).

Some compounds that have corrosion inhibiting properties are carbohydrates and they
are abundantly available, are well recognized for their green and environmentally benign
nature (5). The carbohydrate has an excellent solubility in the aqueous media;
their corrosion inhibition efficiency is poor in some cases (6). Figure 1

shows compounds that serves as a primary source of metabolic energy.

Therefore, the objective of this work is to evaluate the bis triazole carbohydrate

synthesized in our laboratory (7) of figure 1b as a corrosion inhibitor in a sweet medium.
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Figure 1. a) Mono triazole carbohydrate as corrosion inhibitors and b) Chemical
structure of the organic inhibitor bis triazole carbohydrate using in the system
NaCl + COz2



EXPERIMENTAL
Solution preparation

The corrosive solution was sodium chloride (NaCl) at 3% w/v saturated with CO2. The
inhibitor was diluted in dimethylformamide (DMF), with a molar concentration 0.01 M.

The inhibitor concentrations were: 0, 5, 10, 20 and 50 ppm.

Electrochemical tests

Prior to the electrochemical impedance test, the open circuit potential was stabilized for
1800 seconds to ensure that the steady state was reached. The electrochemical
evaluation was carried out using Gill-Ac equipment for electrochemical impedance
spectroscopy (EIS), applying an amplitude of £10 mV over a frequency range (100
KHz a 0.1 Hz) in a three-electrode electrochemical cell comprised of the rotating cylinder
as work electrode (APl 5L X52 steel), a graphite rod as counter electrode and a
reference electrode of saturated Ag/AgCl. The exposed area to the corrosive solution
was 4.5 cm? and different rotation rates of 0 and 100 rpm. For the polarization curve
test, a sweep of 60 mV/min over an interval of -500 to 500 mV was performed using the

Gill ACM potentiostat and ACM Analysis software for data interpretation.

RESULTS AND DISCUSSION

Effect of inhibitor concentration and hydrodynamic conditions by EIS

Figure 2 shows the Nyquist diagram for APl 5L X52 steel without inhibitor; the time
constant for 0 and 100 rpm can be attributed to its charge transfer resistance.

The Nyquist diagrams for APl 5L X52 steel immersed in 3% of NaCl in presence of
different concentrations and static conditions of the inhibitor are showed in Figure 2. In
this case, the diagram of the electric circuit showed in Figure 3 was used for analysis,
which is the combination of two resistances (solution resistance and charge transfer
resistance) with one element with constant phase (8). In the case of 100 rpm (Figure 2b)
the Zreal value decreases compared with static conditions, this is due to desorption of
the organic molecules. Although the results are good, since 10 ppm this value is kept

constant as the inhibitor concentration increases.
10
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Figure 2. Nyquist diagram of bis Triazole Carbohydrate in API 5L X52 immerse in 3%
NaCl + CO:2 at different rotation rates.

Using the equivalent electric circuits of Figure 3, the electrochemical parameters were
determined (Tables I) for the different hydrodynamic conditions studied. The equivalent
electric circuit of figure 3a is used when the inhibitor is not added to the system, and

figure 3b corresponds to the addition of different concentrations of the inhibitor.

Q
VAN >>

ct

Figure 3. Equivalent electric circuits used in the system with and without
inhibitor
Where Rs is the resistance to the solution, Rt is the charge transference resistance and
Q is the constant phase element.

1/Rct(blank)—1/Rct(inhibitor) * 100 H
1/Rct(blank)

IE (%) =



The capacitance of the electrochemical double layer capacitance (Ca) was calculated

through the next equation:

car=y o[ 2] )

Rs Rct

Where Y, is the constant phase element, R is the solution resistance, and R is the

charge transfer resistance.

Table | shows the Rct values in presence of the inhibitor, in all cases higher than in
absence of such inhibitor molecules at 0 and 100 rpm; Rt increases as increases the
concentration of rotaxane, indicating reduction in the corrosion rate on steel. Values of
capacitance Ca were lower with respect to the blank, due to a decrease in the local
dielectric constant and/or an increase in the thickness of the electric double layer, which
suggest that the inhibitor molecules act via adsorption on the interface metal/solution
(9). Using the rotating cylinder at 100 rpm (Table 1) Rct is stable with increase the

concentration.

Table . Electrochemical parameters of bis Triazole Carbohydrate as corrosion

inhibitor in APl 5L X52 in static conditions immerse in 3% of NaCl + CO2

Rotation
Rate / C R Ca R IE
rpm (ppm) (Qcm?) n (uF/ecm?)  (Q cm?) (%)
0 1.0 0.8 6501.5 83.22 0
5 8.6 0.9 350.8 725.0 88.5
0 10 6.7 0.8 380.6 1480 94.4
15 9.9 0.8 486.2 1544 94.6
20 8.6 0.8 464.0 619.0 86.6
50 11.5 0.8 350.5 893.4 90.7
0 0.5 0.6 6501.0 52.67 0.00
100 5 6.0 0.8 334.8 542.0 90.42
10 13.7 0.7 577.3 552.9 90.61
20 10.6 0.8 615.1 556.9 90.68

50 38.2 0.7 3971.5 529.29 89.87




Polarization Curves

Figure 4 contains the polarization curves for APl 5L X52 steel in 3% of NaCl with
CO:2 saturared, without triazole carbohydrate and with concentrations of it. In Table 4
are also shown electrochemical parameters as corrosion current density (icorr), anodic

slope (ba), cathodic slope (bc) and inhibition efficiency (/E).
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Figure 4. Polarization curves for APl 5L X52 steel immersed in 3% NaCl
saturated with CO2 at different concentrations of bis Triazole Carbohydrate under

0 rpm conditions.

According to the values reported in Table II; the Ecorr values at 5 and 50 ppm indicates
that bis Triazole Carbohydrate is a cathodic type inhibitor. While for 10 ppm behaves to

anodic type because the difference of Ecorr are highest than 85 mV.

Table Il. Electrochemical parameters of bis Triazole Carbohydrate inhibitor
obtained through polarization curves for APl 5L X52 in 3% NaCl saturated with
CO2

C Ecorr (mV) icorr ba -bc
(ppm) Vs (uA/cm?)  (mVdec') (mVdec?)
Ag/AgCl
sat
Blank -566.1 62.4 153.7 290.8
5 -665.5 12.9 58.3 366.0
10 -546.1 12.2 81.4 152.7
20 -605.0 12.1 52.1 282.0

50 -680.4 19.2 66.0 347.4




Adsorption process

The adsorption isotherms can provide important information about the interaction of
the inhibitor with the metallic surface, among which, two processes stand out:

physisorption and chemisorption (10).

Physisorption is held among the positive active centers of the electrons of the
benzene rings with the metallic surface, while chemisorption is due to the formation of
the coordination bonds between the inhibitor molecules o and the d orbitals of the atom

of iron over the steel surface (11).

It is possible to find several adsorption models which describe the process by which the
organic inhibitor under study can be adsorbed in the metallic surface, among which the
most important is:

1
= Yads +C Langmuir model [3]

C
4

AG, 4 = —RTLn(55.5K,45) [4]

Where R is the ideal gases constant, T the absolute temperature, and kags the adsorption
constant.

The AG°ads will indicate which adsorption mechanism follows the organic compound; if
it is lower than -20 KJ/mol it can be considered as a physisorption process (12). If it is
higher than -40 KJ/mol then is a chemisorption process, but if it is between -20 KJ/mol

and -40 KJ/mol the type of process that is taking place is called “combined” (13).

Figure 5 shows the linear adjustment of the inhibitor studied using the Langmuir model

of equation 3.
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Figure 5. Comparison between the experimental adsorption isotherm (points) for bis
Triazole Carbohydrate with the theoretical Langmuir model (red lines) at static

conditions.

Table Ill shows the adsorption isotherms values, and according to AG°ads, the inhibitor

system resulted in a combined type process.

Table Ill. Thermodynamic parameters at static conditions

Inhibitor AG® Ln Kads R?
(KJ/mol)
-46.39 19.03 0.9976
CONCLUSIONS

Bis triazol carbohydrate was found that has inhibitor activity for APl 5L X70 in NaCl 3%
w/v saturated with CO2. The bis Triazole Carbohydrate shows that the best inhibition
activity was reached at a concentration of 10 ppm (/[E~ 91%) and static
conditions. In accordance to thermodynamic analysis, the bis Triazole Carbohydrate

studied followeda chemisorption-physisorption process.
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