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Abstract

Electrochemistry is part of the teaching of several subjects in the educational programs at the
Technological University of Chihuahua, aware of the importance of developing environments for
teaching, experimentation and understanding the general principles of the discipline, a project is
developed with the aim of integrating a chrome plating module into a didactic laboratory
prototype that simulates the industrial electrodeposition process, where students can directly
observe the process, strengthening the teaching and meaningful learning of the principles of
electrochemistry in a practical and safe environment. Likewise, having this prototype encourages
research and collaboration with companies that require electrodeposition treatments.

The project aims to integrate an electrolytic module into
a teaching prototype for the application of chrome
coating.

Stages

1.- Research design.

2.- Integration of the chrome plating module.
3.- Module connection with the electrical set up.
4.- Analysis and test taking module.

5.- Development of laboratory practices.

/) The project will have a positive impact on education and

scientific research. In the educational field, the didactic

@ prototype will allow students to learn in a practical and

— .- experiential way about electrodeposition. In the field of
OPNO y

scientific research, the prototype can be used to develop
new metallic coatings with better properties

Electrodeposition, Chrome plating, Corrosion

Resumen

La electroquimica forma parte de la ensefianza de varias asignaturas en los programas educativos
de la Universidad Tecnolégica de Chihuahua, conscientes de la importancia de desarrollar
entornos para la ensefianza, experimentacion y comprension de los principios generales de la
disciplina, se desarrolla un proyecto que tiene el objetivo de integrar un médulo de cromado a un
prototipo didéctico de laboratorio que simule el proceso industrial de electrodeposicién, donde
los estudiantes puedan observar de manera directa el proceso, fortaleciendo la ensefianza y el
aprendizaje significativo de los principios de la electroquimica en un entorno practico y seguro.
Asi mismo al contar con este prototipo, se propicia la investigacién y vinculacion con las
empresas que requieran tratamientos de electrodeposicion.

El proyecte tiene como objetivo integrar un modulo
electrolitico a un prototipo diddctico para la aplicacion de
recubrimiento con cromo.

Etapas

1.- Diseno de la investigacion

2.- Integracion del modulo de cromado

3.- Conexion de modulo con el set up eléetrico
4.- Andlisis y toma de pruebas médulo

5.- Desarrollo practicas de laboratorio

/] El proyccto tendra un impacto positivo cn la educacion y en la

é investigacién cientifica. Ln cl ambito cducativo, cl prototipo

didactico permitird a cstudiantes aprender de mancra practica y

f__1 experiencial sobre la clectrodeposicion. En ¢l ambito de la

investigacion cientifica, ¢l prototipo podra ser utilizado para
desarrollar  nucvos  recubrimientos  metalicos  con  mejores
propicdades.

Electrodeposicion, Cromado, Corrosion
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Introduction

Electrochemistry is the branch of chemistry that
studies processes in which there is a conversion
of chemical energy into electrical energy or vice
versa. When electricity is used to induce a non-
spontaneous chemical reaction, it is known as
electrolysis.

Electrochemical  processes include
battery construction, metal corrosion and
electrolytic coatings, the latter of which have
historically been used for decorative purposes
and in the 13th century BC materials were
already being coated with gold and silver.
However, it was not until the 19th century that
the current industrial technique was developed,
diversifying its applications and uses.

Electroplating is one of the most widely
used techniques in electrolytic coatings. It
consists of covering materials with thin layers of
a metal such as nickel, copper, zinc or chromium
in order to improve their appearance, prevent
wear, protect the materials from corrosion and
prolong their useful life.

Chromium, in the form of a metallic
coating, is a material widely used in the
protection of parts to improve the surface
properties of different automotive, aeronautical
and industrial components that are subjected to
highly corrosive environments and exposed to
high mechanical stresses.

The principle of electroplating is mainly
based on Faraday's two laws, which state the
following:

- The mass content of the deposited metal is
directly proportional to the amount of
electricity transferred.

- For the same amount of current, the
amount of mass deposited on the substrate
is proportional to the electrochemical
valence of the metal used.

According to Artavia (2008), chromium
electrodeposition is carried out in an electrolytic
cell containing a liquid substance called
electrolyte, which allows conduction from the
anode to the cathode.
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An electric current is used to remove
positive particles from the metal (anode) which
pass through the electrolyte and are deposited on
the part to be plated (cathode) which is
megatonally charged. In the electrochemical
bath, the chromium and the electrodeposit part
are deposited, the metal ions move from the
surface of the anode to the cathode where they
are deposited uniformly.

The main elements of the electrolytic cell
are: the electrolytic bath, an anode, a cathode and
a source of electrical energy. (Zapata Gordon,
Tristancho Reyes, & Almeraya Calderon, 2020).
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Figure 1
Electrolytic cell

Source: Own elaboration

Based on the thicknesses achieved,
metallic chromium coatings can be classified
into two main categories: decorative chromium
and hard chromium:

- Decorative chrome is mainly applied to
improve aesthetic appearance and provide
moderate corrosion resistance.

- Hard chrome is used to increase the wear
resistance, surface hardness and durability
of components in industrial applications.

For Saman & Frank C. (2021) some of
the most common industrial applications include
the automotive industry: with decorative chrome
coatings on trim and other components to
improve aesthetic appearance and corrosion
resistance.
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Hard chrome is used on parts such as
pistons and compression rings to improve wear
resistance. In the aerospace industry, on the
other hand, hard chrome is used in critical
components such as landing gear, bearings and
gears, where high wear resistance and low
friction are essential.

The design and integration of this
module is to simulate the process carried out
industrially in a laboratory for educational and
research purposes.

The module is characterised by its
simplicity, safety and versatility:

Simplicity: The design is simple and easy
to use, making it accessible to students and
teachers of different levels of experience.

Safety: It complies with safety standards
for handling electrical equipment and
chemical solutions.

Versatility: It can be used to teach different
aspects of electroplating, such as the
electroplating of different metals, the
application of different coatings and
process optimisation.

The problem that this project seeks to
solve is the difficulty students have in
understanding the principles of electroplating
through traditional teaching methods. The
central hypothesis of the project is that the
integration of an electrolytic module into a
didactic prototype for the application of
chromium plating allows students to improve
their understanding of the theoretical concepts of
electroplating through practical and
experimental learning.

Methodology

The methodology consists of the research
design, followed by the incorporation of the
chrome plating module and integration of the
electrolytic cells. The last stages are the
experimental tests for the correct operation of
the module and the development of laboratory
practices for the students of the different careers.
Figure 2 shows the stages of the research
methodology:
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Stagel STAGE 1

Research  —. Background an d literature review for the researc h
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~— Stage2 STAGE 2:
Observation

/ and analysis Incorporate the chrome plating process Into the
| electrolytic coating teaching module

Stage 3: STAGE 3:

i N Integration of the electrolytic tanks and connection of
the module with the electrical cantrol setup.

- Stage 4: STAGE 4:
Tests

/ Analysis and data collection for module operation

Stage 5: STAGE 5:
Results

Figure 2
Methodology

Source: Own elaboration

Development of electrolytic chrome plating
module

The criteria for the design of the electrolytic
module for its construction and integration into
the didactic prototype of the Laboratory for the
application of chromium plating at the
Technological University of Chihuahua are
based on simplicity in the use of the equipment,
trying to represent as faithfully as possible the
process as it is carried out industrially.

The module is built to scale to facilitate
its handling, and is designed taking into account
theoretical knowledge, visits to the Regional
Centre for Optimisation and Development of
Equipment (CRODE) and the experience of
professionals close to the field. For its
construction, low-cost and easy-to-acquire
materials are sought. The components required
for the module are

- Electrolytic cells

- Variable current source
- Multimeters

- Thermometer

- Electrical connections
- Electrodes

- Anodes
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Electrolytic Cells. - An electrolytic cell is
a vat where the metallic coating is made with
some material such as copper, nickel or
chromium, it is the one that contains the different
electrolytic baths. The material used to build the
cells is fibreglass, with a polyvinyl chloride
(PVC) coating, as it is very resistant to the
solutions used and can withstand temperatures of
up to 60°C.

The cells are designed with a volume of
approximately 20 litres. Each cell must have
accessories for the operation of the process, such
as a drain to remove the chemical, a
polycarbonate alert holder, a file cabinet for
recording the process, a support for the
thermometer, a water intake to fill the vat, a
support for holding parts and an outlet for
connection to the heater. The cell where the
chrome plating is performed is polarised through
the voltage module for the electrical processing
of the material.

Figure 3 shows the design of the module
with the tanks and cells on a scale of 1:20.

Figure 3
Module structure

Source: Own elaboration

Current source. - A low-voltage direct
current source is needed, i.e. producing 6V for
copper and nickel plating, up to 12V for chrome
plating. On the other hand, a relatively high
amperage or amount of current is required.
When depositing, the control of the amount of
current is critical, therefore, in addition to the
current source, a device is needed to regulate the
amount of current or amperage flowing through.
Multimeter. - Multimeters are required to
measure the voltage and current required for the
process.
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Thermometer. - The thermometer is also
indispensable to measure the temperature of the
electrolyte and the process in general, as a heater
will be used to raise the temperature and,
consequently, decrease the time required for the
process.

Electrical connections. - For all electrical
connections, conventional copper cable of 1.6
mm diameter is used, which is sufficient to carry
the amount of current of the system without
suffering overheating of any kind.

Electrodes. - The electrode rods for
chrome plating should be 2.4 mm diameter lead
or carbon, these rods are placed directly on top
of the cells, while the joints between the
electrodes and the rods are made with metal
press fasteners tied with a small piece of copper
wire.

Anodes. - The anodes are distributed on
both sides of the cathodes in bags of a polymer
resistant to the established operating conditions,
at equal distances to favour the uniformity of the
electrodeposit. They are attached to the anode
rods by inserting the anode rods between the
holes in the anode bag.

Development of the process steps

The stages involved in the process for plating to
chrome are as follows:

1.  Pre-degreasing. - Pre-degreasing uses an
alkaline cleaning solution, which is useful
for removing dirt, grease and oil from the
parts to be coated.

2. Rinsing - The rinses are in the cells that
have water, where the parts are immersed
for 1 to 2 minutes to eliminate residues of
the solutions used.

3. Electrolytic degreasing. - This is done
with caustic soda to eliminate impurities
and activate the adherence of the material.

4.  Activation. - In this cell, the parts are
immersed for one minute in sulphuric acid
to neutralise the alkaline surface and
activate it.
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5. Nickel plating. - In this stage the part is
immersed in the nickel at a temperature of
35°C and the current calculated for the
desired thickness based on the area of the
part is applied.

6. Chrome plating. - Finally, the part is
immersed in the chromium bath at a
temperature of 50°C and the current
calculated on the basis of the area of the
part is applied and left for 1 to 2 minutes.

7. Rinsing. - The part is rinsed in water to
remove the impurities of the solutions used
in the coating.

8.  Inspection and final finishing. - The
chrome-plated object is inspected to
ensure that the plating is uniform and of
high quality. Additional polishing may be
performed to achieve the desired
brightness.

Process parameters for chrome plating baths

For proper plating, the following parameters
must be set and controlled to ensure a uniform
and high quality plating.

Temperature. - A temperature of 40 to
60°C is recommended to maintain a good
conductivity of the solution and therefore
a good speed of chromium plating.

- pH. - The best working results are obtained
at pH between 4.0 - 4.5, being within this
range when the best levelling and
brightness is obtained.

- Current density: The current density
applied during the chrome plating process
typically ranges between 2 and 10 amps
per square decimetre (A/dm?).

- Agitation. - Agitation of the bath can be
mechanical or by air bubbling, which helps
to maintain an even distribution of the
chromium ions and improves the quality of
the plating. The recommended values are
3 - 6 It/min/dm2™" air agitation, which in
the bath will be done by a tank pump.
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The interaction of these variables has a
direct effect on the coating process of any
material, which is why their operating range
must be controlled by means of good
instrumentation.

Formulation and preparation of electrolytic
baths

The electrolytic bath for chromium, also known
as chromium plating, is a specific chemical
solution that allows the deposition of chromium
on a metal surface by means of an
electrochemical process. The main components
of the chromium plating bath are as follows:

Table 1
Chrome bath formulation

Reagent Concentration (g/L)
Chromic acid (H2CrO3) 300-400
Sulphuric acid (H2S0,) 2.5-3.5

Source: Own elaboration

1.  Chromic acid (CrOs)

The main source of chromium ions in the
bath.

2. Sulphuric acid (H2SOa4)

Acts as a catalyst and stabiliser in the
bath.

There are also additional components
such as additives that serve to improve the
conductivity of the bath, such as sodium sulphate
(Na:zS0s) and catalysts that improve the gloss
and uniformity of the coating.

Results
The results of the present article are:
Tangibles

Chromium plating module.

Laboratory practices.

Research and links with companies.
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Intangibles

Meaningful learning in students
Conclusions

At present, the application and development of
techniques for electrolytic coatings in didactic
modules allows laboratory practices to be carried
out, strengthening meaningful learning in
students and contextualising  theoretical
knowledge with productive industrial processes.
The electrolytic coating of parts and components
is very useful for preventing corrosion in metal
parts, giving them a decorative finish, and
making the manufacture of higher quality
products more efficient.

The application and use of this prototype
has an impact on the improvement of laboratory
practices, which contribute to the simulation of
real industrial environments. Using this type of
process, students apply electrolytic coatings in
order to prevent wear and deterioration of parts
in corrosive environments.

Furthermore, the current industry
understands the importance and values the
linking of the educational sector for the
collaboration of the improvement of its
processes through the use of environments
similar to those used in the company, placing the
student in situations similar to the real ones.
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