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General Introduction

General Introduction

The study of corrosion phenomena is a field of materials science which calls upon
notions of chemistry as well as physics. Corrosion is an important industrial problem because it
can be the cause of serious accidents following the rupture of a corroded part or structure. On the
other hand, corrosion represents a very significant economic cost. In fact, it is estimated that
every second, 5 tons of steel in the world are deteriorated by corrosion, which represents the

equivalent of 2% of the global gross product [11].

Electroplating refers to a film growth process that involves the formation of a metallic
coating on a base material occurring by electrochemical reduction of metal ions from an

electrolyte.

The surface treatment is not limited to protection against wear or corrosion, but extends
to many other areas, such as the development of luminescent, bactericidal, non-stick, self-

cleaning, high performance surfaces thermal or mechanical, etc [14].

Consequently, the study of corrosion phenomena and the means of protection which at
least make it possible to reduce its effects if it cannot be completely eliminated represents a
certain interest for manufacturers both from the point of view of industrial safety and economic.
Among the means which are frequently used to combat corrosive phenomena, mention may be
made of the coatings of the parts to be protected. Composite coatings being the most effective.
Indeed, composite coatings are experiencing increasing industrial development thanks to the

particular properties conferred on them by the incorporation of solid particles. [11]

One of the most remarkable solutions which meets the requirements is the development
of materials coated with thin layers. The properties of a deposited film may be better than that of

the substrate.

Electrolytic deposits are obtained by the technique of electroplating. These coatings give

the metal thus coated better mechanical, electrochemical and thermal properties.

The present work therefore consists in studying the effect of an organic additive on the
behavior of an electrodeposited Ni-Co-SiC composite coating on previously treated steel

substrates.




General Introduction

This memoir consists of three chapters:

The first chapter is consecrated to the state of the art where we have presented, on the one
hand, generalities on the phenomenon of corrosion, on the other hand, we have studied the
electrodeposition process.

In the second chapter, we have detailed the different experimental devices for the
different treatments and preparations of the substrates and then the development of the different
Ni-Co-SiC composite coatings at different concentrations of solid SiC particles in the presence
of organic additive in order to study its effects on behavior of elaborate coatings.

Several characterization tests were carried out to study the additive effect on the behavior
of the coatings developed, namely: the adhesion test, the morphology by scanning electron
microscopy (SEM), the resistance to corrosion in the corrosive environment, microhardness and
X-ray diffraction (XRD).

In the third chapter, we present the interpretation and the discussion of the different

results obtained.

This study is completed by a general conclusion which recalls the different points described in

the thesis and the main result.




Chapter 1

@nerw%?b& o7t corroszorn arnd

.&ctnm@embim



Chapter | Generalities on Corrosion and Electrodeposition
iy

I.1.Generalities on corrosion

1.1.1. Definition

Corrosion is the deterioration or destruction of metals and alloys in the presence of an
environment by chemical or electrochemical means. In simple terminology, corrosion processes involve
reaction of metals with environmental species. As per IUPAC (International union of pur and applied
chemistry), “Corrosion is an irreversible interfacial reaction of a material (metal, ceramic, polymer) with
its environment which results in its consumption or dissolution into the material of a component of the
environment. Often, but not necessarily, corrosion results in effects detrimental to the usage of the
material considered. Exclusively physical or mechanical processes such as melting and evaporation,
abrasion or mechanical fracture are not included in the term corrosion” With the knowledge of the role
of various microorganisms present in soil and water bodies, the definition for corrosion need be further

widened to include microbially-influenced factors [1].

1.1.2. THE CONSEQUENCES OF CORROSION

The consequences of corrosion are many and varied and the effects of these on the safe, reliable
and efficient operation of equipment or structures are often more serious than the simple loss of a mass
of metal. Failures of various kinds and the need for expensive replacements may occur even though the
amount of metal destroyed is quite small. Some of the major harmful effects of corrosion can be

summarized as follows:

1. Reduction of metal thickness leading to loss of mechanical strength and structural failure or
breakdown. When the metal is lost in localized zones so as to give a cracked structure, very
considerable weakening may result from quite a small amount of metal loss.

2. Hazards or injuries to people arising from structural failure or breakdown (e.g. bridges, cars, aircraft).

3. Loss of time in availability of profile-making industrial equipment.

4. Reduced value of goods due to deterioration of appearance.

5. Contamination of fluids in vessels and pipes (e.g. beer goes cloudy when small quantities of heavy

metals are released by corrosion).
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6. Perforation of vessels and pipes allowing escape of their contents and possible harm to the
surroundings. For example, a leaky domestic radiator can cause expensive damage to carpets
and decorations, while corrosive sea water may enter the boilers of a power station if the condenser
tubes perforate.

7. Loss of technically important surface properties of a metallic component. These could include
frictional and bearing properties, ease of fluid flow over a pipe surface, electrical conductivity of
contacts, surface reflectivity or heat transfer across a surface.

8. Mechanical damage to valves, pumps, etc., or blockage of pipes by solid corrosion products.

9. Added complexity and expense of equipment which needs to be designed to withstand a certain

amount of corrosion, and to allow corroded components to be conveniently replace [2].

1.2. Method of determining organic additives in an electroplating bath

the present invention is directed to a method of analyzing organic additives in electroplating

baths having improved reproducibility.

Besides the inorganic components of these plating solutions (nickel ions, sulfuric acid and small
amounts of chloride ions) the baths contain one or more organic additives (brighteners, suppressors and
levelers). In the proper concentrations, these organic additives give a bright, smooth deposit with

excellent mechanical and electrical properties [6]..

Organic additives such as addition agents, in low concentrations added to electrolytes, which
make it possible to improve or modify the intrinsic properties of a coating: gloss, adhesion, good
resistance to corrosion.

The addition of these additives in an electrolyte is fundamental because of their influences on the
wearing properties of materials. Therefore, it means that the additives modify electrocrystallization by
having a specific action during nucleation and / or crystal growth. These processes subsequently lead to
changes in the physico-chemical properties of the coating. Apart from technical properties, economics
such as reduction of production cost should be considered when choosing the additive.

A large number of compounds are used as additives, so it is not easy to choose the right additive

e
4



Chapter | Generalities on Corrosion and Electrodeposition

to make the coating. Therefore, researchers have taken the initiative to establish a classification of
additives used for the preparation of electrolytic coating according to:

- Their chemical nature (organic or mineral compound).

- Interfacial activity (surfactants)

- The size of the particles (colloids)

- The mechanism of adsorption on the substrate.

- The effects on the coating (leveling, shine, refiner ...).

1.2.1. Principle of action of an additive

Organic additives which can be functionalized molecules or polymers take on different roles
within an electrolyte: brightener, refiner, leveler, antioxidant, corrosion inhibitor, etc. They are liable to
adsorb to the surface of the coating and have the ability to modify the crystallization of the metal.
Organic additives can also have significant effects on the efficiency of the reduction reaction of metal
species by influencing the evolution of hydrogen as well as the rates of the electrodeposition steps.

These changes affect not only the collective organization of crystallites (texture, dendritic
structure) but also the internal organization (microstructure, morphology) of each crystallite. Therefore,
the intrinsic macroscopic properties of coatings are affected beyond the appearance of the surface.
Despite the great diversity of additives and their roles, three types of additive action mechanisms can be
distinguished [8]:

* Surface blocking
* Reactive adsorption

* Complexation in solution
1.2.2. Sodium Lauryl Sulfate Profile

Sodium lauryl sulfate (SLS) is a surfactant and emulsifier that is primarily used as a wetting
agent and detergent. It is an alkyl sulfate salt, generally prepared by the sulfation of lauryl alcohol
followed by neutralization with sodium carbonate. SLS is classified as an anionic surfactant alkyl sulfate
detergent, and is one of the most studied and widely used surfactants. It has two moieties. One is a 12-
carbon chain that is non-polar and lipophilic, and structurally similar to lauric acid. The other part of the
molecule is a polar and hydrophilic (water soluble) negatively charged sulfate ion. The sodium ion

increases the ability to go into aqueous solution over that of lauryl sulfate

e
5
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SLS is a surfactant and emulsifier that is primarily used as a wetting agent and. The textile
industry is a heavy user, using SLS to clean and prepare fabric for dying. It is used in separation of
proteins and lipids by electrophoresis. SLS is a common ingredient in many household and personal care
products, such as dishwashing and laundry detergents, toothpastes and shampoos [7].

1.2.3. Chemical and Physical Properties

The molecular structure of SLS is presented in (Figure 1.1).

(Figure 1.1). Sodium Lauryl Sulfate molecular structure.

1.2.4. Physical and Chemical Properties of Sodium Lauryl Sulfate

SLS lowers the surface tension of water. When heated to decomposition, it releases toxic sulfur
oxides. Lauryl sulfate was compared with SLS in carrying out catalytic reactions on complex chemical
structures. Both increased the rate of reaction, an effect that was decreased in the presence of various

alcohols. SLS consistently had a higher degree of dissociation than lauryl sulfate [7].
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The physical and chemical properties of SLS are presented in table (1.1).

Table (1.1). Physical and Chemical Properties of Sodium Lauryl Sulfate

Property

Molecular Formula:
Molecular Weight:
Percent Composition:

Physical state at 25°C/1 Atm.
Color

Odor

Density/Specific Gravity
Melting point

Boiling point

Solubility

Vapor pressure

pH

Octonol/Water (Kow) coefficient
Viscosity

Miscibility
Flammability

Storage stability
Corrosion characteristics
Air half life

Soil half life

Water half life
Persistence

Characteristic/Value

C12H25Na04S

288.38

C: 49.98%; H: 8.74%:; Na: 7.97%; 0:22.19%:; S:
11.12%

Crystals or flakes

White or Cream

Faint odor of fatty substances

0.6 g/cm3

204°-207°C

588°C

1 g/10 ml water

1.1 x 10-12 mm Hg at 25°C

Neutral to alkali (8.5-11.0 in a 1% aqueous solution)
1.6

Not determined but expected to be close to the
viscosity of water

Does not contain combustible liquids
Stable beyond one year

0.7 hr

77.5 hrs
19.8 hrs
595 hrs
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1.3. Electrodeposition
1.3.1. Introduction

Most important concepts and techniques of an electrodeposition are introduced and described
here in an easy-to-understand way. Examples of technological applications are given, with emphasis on
the fabrication of nanostructures.

1.3.2. DEFINITIONS AND HISTORY

Electrodeposition is an electrochemical process that allows the preparation of solid deposits on
the surface of conductive materials. It is a commercially highly relevant process, providing the basis for
many industrial applications, such as electro-winning, refining, and metal plating. Metal plating is the
process that has perhaps the closest contact with most people’s everyday life, because we are surrounded
by things that have a protective or decorative coating, such as watches, buttons, belt buckles, doorknobs,
handlebars, etc. that consists of two conductive or semi-conducting electrodes immersed in an
electrolyte. The electrodes are called the working electrode (cathode), consisting of the object where
electrodeposition is planned, and the counter-electrode (anode), necessary to complete the electrical
circuit. Electrolytes for electrodeposition are usually aqueous solutions containing positive and negative
ions, prepared by dissolving metal salts an electrochemical cell with a battery is illustrated in Fig.l.2,

where the motion of the ions toward the electrodes is also sketched.

BATTERY
electron 5[- - + ‘] electrons
Working Counter

Electrode Electrode

Electrolyte

. /

ELECTROCHEMICAL CELL

Figure (1.2). Schematic diagram.
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Positively charged nickel ions in the electrolyte are attracted by the negatively charged key (working
electrode). At the surface of the key they are reduced by gaining two electrons, and metal is deposited.

1.3.3. ELECTRODEPOSITION APPARATUS AND CONCEPTS

Electrodeposition on the industrial scale requires an electrochemical cell and a DC current power
supply. This approach is relatively simple and inexpensive, and is known as galvanostatic plating
system, because the current between the electrodes is controlled (maintained constant). Another

important deposition mode is the pontentiostatic one.

Operation
Amplifier

Reference
Electrode

Working
Electrode

Counter -
Electrode Potentiostat

(Pt)

| —t WE
@l ‘| Electrochemical
Cell

Figure (1.3). (A) Electrochemical cell with three electrodes connected to a potentiostat (B)
Electronic sketch illustrating the mode operation of a typical potentiostat.

Fig.1.3 (A) shows an electrochemical cell with three electrodes (working-, reference-, and counter-
electrodes) and a potentiostat. The potentiostat is an electronic apparatus that maintains the potential
difference between the working- and reference electrodes by controlling the potential difference between
the working- and counter-electrodes. Fig.1.3 (B) shows a block diagram of the electronic circuitry of a
potentiostat with an operational amplifier that keeps the voltage between reference electrode (RE) and
working electrode (W) equal to the applied voltage E at the positive terminal, by regulating the cell
potential between W and counter-electrode (CE). By convention W is connected to ground. The three-
electrode cell and the potentiostat enable the potentiostatic mode of deposition mentioned above. The
potentiostatic mode means that the potential of the working electrode is kept constant during the

experiment or deposition process.
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As depicted in Fig.l.4 (A), an additional mode called pulsed deposition is also illustrated in Fig.
1.4 (B). In this mode, for pulsed potential, the potentiostat switches electrode potential between two
values in order to have the potential varying as a square wave. For pulsed current deposition, a current
source with a square wave output is sufficient. The three-electrode cell and potentiostat is also a
powerful experimental tool for electrochemical investigations, permitting the implementation of
different techniques, such as voltammetry.

A B
POTENTIOSTATIC PU LSED_ MODE
MODE {Potential / Current)
o t Eb / |:|
i) =
= = E
g % =
< 0O
Time > Time

Figure (1.4). llustration of the potential as a function of time for potentiostatic

and pulsed deposition modes.

This technique consists of applying a potential ramp to the working electrode, which is achieved
by applying a potential ramp to the positive terminal of the operational amplifier [of Fig.l.3 (B)], and
measuring the resultant cell current. When the applied potential starts at a defined level and comes back
to the same value after a period of time, the technique is called cyclic voltammetry. When the applied
potential starts at a level 1 and goes to a level 2, the resulting plot of the current versus the potential, is
called a polarization curve or simply voltammogram. Fig.1.5 (A) illustrates a potential ramp applied to
the working electrode, and Fig.1.5 (B) the corresponding plot for the variation of the cathodic current as

a function of the cathodic potential. To the maximum current at a given rate of change of potential (also
known as the reduction peak).

10
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Figure (1.5). Hlustration of the applied potential ramp (A) to obtain a typical polarization

curve (voltammogram) of metal deposition on a metal working electrode.

1.3.4. Mass Transport

Electrodeposition has the ability to produce a relatively uniform distribution of metal upon a
cathode of irregular shape. Though the uniformity depends on the distribution of electric fields inside the
electrolyte toward the surface of the electrode, other important factors have to be considered. The
addition of agents (additives) to the electrolyte, for example, can affect the microscopic mechanism of
electrodeposition, reducing the roughness of the deposit and producing a visual effect known as
brightening. Hlustrated in Fig.1.6, will be formed Fig.1.6 (A) shows the double layer in greater detail.
When the exchange process reaches equilibrium the double layer thickness depends on the physical and
chemical properties of the electrode-electrolyte interface. In general, the description of the double layer
considers the existence of two regions named the Helmholtz layer, a monolayer of ions on the surface of

the electrode, and the Gouy-Chapman layer.

11
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Figure (1.6). Hlustration of the electric double layer (A) and potential drop (B) near the
surface of the electrode.

Fig.1.7 (A) is a plot of the concentration of an ionic species as a function of the distance from the
surface of the electrode, showing the diffusion layer. The consumption of ions because of metal
deposition generates a concentration gradient that, in steady-state conditions, is essentially determined
by the redox reaction rate. If the consumption of ions arriving at the surface by diffusion is very high,
the concentration of ions at the surface CS is effectively zero, and the deposition process is controlled by
diffusion. If the consumption is low, then the ion concentration at the surface is different from zero and
the deposition is controlled by Kinetics, i.e., by the velocity of the reaction. Electrodeposition in the
diffusion-limited regime is very sensitive to asperities on the surface of the electrode, as shown in
Fig.1.7 (B). These morphological structures reduce the size of the diffusion layer, thereby increasing the

concentration gradient and hence the current.

12
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Figure (1.7). (A) Idealized profile of the con- centration gradient near the surface of the
electrode and (B) an illustration of a deposition instability in the presence of an asperity.

1.3.5. Electrode Reactions

The current that flows at the working electrode may be divided into two kinds: faradaic and non-
faradaic. The faradaic processes are the ones where charges are transferred across the liquid—solid
interface. These processes are called faradaic because they follow Faraday’s law. Two faradaic
processes that are directly related to electrodeposition, where Fig.l.8 (A) represents simply the
deposition of Cu by reduction of Cu2p and Fig.1.8 (B) the growth of Al anodic oxide by oxidation of
metallic aluminum, this being an example of anodic electrodeposition. Non-faradaic processes are
structural changes of the electrode—solution interface, such as absorption and desorption of species that

change the potential of the electrode and solution composition without charge transfer [4].

13
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Figure (1.8). Electrode reaction for (A) the cathodic elec-trodeposition of Cu and (B)
the anodic electro-deposition.

I.4. Phenomenon of co-deposition

Theoretically, the electro crystallization of alloys results from a co-deposition of at least two
metals that can crystallize in one phase of the phase diagram. However, certain conditions of electro
crystallization favor the solutions of famous metals insoluble. Electro crystallization makes possible the
existence of phases outside them thermal stability as well as that of intermetallic compounds which are
otherwise unknown. In In some cases, the electrodeposited alloys can be obtained with grain fineness up
to an amorphous structure. However, the electro crystallization of alloys is more complex to study than
that of pure metals, co-deposition phenomena are more complex and cannot be found rigorous
explanations. At present, there are very few fundamental studies concerning the mechanisms of co-

deposition and the phenomena involved.
1.4.1. Different types of co-depositions

The baths themselves do not have any specific characteristics. It's the process that characterizes
each type of co-deposition with the exception of code position equilibrium. There are five co deposition

modes that we classify next the influence of certain factors.
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Y
1.4.1.1. Regular co- deposition

It is characterized by a deposit under control of the diffusion of the cathodic reaction of the most
noble metal.

1.4.1.2. Irregular co-deposition

It is also characterized by diffusion-controlled deposition and is symptomatic systems where the
thermodynamic potentials of the elements of the alloy are very close together and where the metals form
intermetallic compounds or solid solutions. In this case, the Kinetic factors and especially the

thermodynamic factors play a role.
1.4.1.3. Co-deposition in equilibrium

It is characterized by an identical ratio between the metallic elements in the solid phase and in
the electrolyte.

1.4.1.4. Abnormal co-deposition

In the case of anomalous co-deposition, the least noble element is deposited preferentially. This
type of co-deposition is rare and in most cases is related to code position a member of the iron group

(iron, cobalt, nickel). This is the case of ZnNi alloys, ZnCo, CoFe ...etc.
1.4.1.5. Co-deposition induced

It takes place for certain metals that normally cannot be deposited alone aqueous solution such as
germanium, molybdenum or tungsten. Co-testimony induced is characterized by the electroplating of its
species as a component of an alloy (usually allied to an element of the iron group). This is the case of
CoFeMo [5].

15
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1.5. Surface coating
There are two types of surface coating:

Figure (1.9). Surface coating.

1.5.1. Metallic coating

The structure is coated with a layer of other metal which may be nobler than the structure or less
noble than it e.g. steel structures can be coated with copper which is nobler than steel or zinc which is
less noble. In case of coating the structure with a more noble metal care should be taken that the coat is
free from pores or cracks to avoid the formation of dissimilar metal corrosion cells which would lead to

corrosion of the structure. [3]
1.5.2. Factors that must be considered in selection of a coating metal
1. The coating should be able to resist direct attack of the environment.

2. The coating should be nonporous and continuous (no cracks) to a void acceleration of corrosion

especially in case of a more noble metal (ex: coating of Fe by Cu).
3. The coating should be hard.

In case of coating the structure with a less noble metal the presence of pores and cracks in the
coat is not dangerous because in this case the less noble metal will corrode by the formation of

dissimilar metal cells while the structure will remain protected.
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1.5.3. In practice metallic coating is carried out by different methods such
(1) Electroplating,
(2) Hot dipping of the work piece in molten metal covered with a flux,
(3) Spraying of the molten metal on the work piece.
1.5.3.1. Electroplating
- Electroplating is the method of coating one metal with another. It is most commonly used for
decorative purposes, appearance and protection.
- Electroplated items include chrome bumpers, jewelry, electronics, circuit boards and airplane
parts.

1.5.3.1.1. Factors affecting coating quality
The quality of coating depends on:

1. Average thickness of coating
2. Porosity and continuity

3. Uniformity of thickness

Bullury Power supply
i ) —+
-+
E_‘L Te* o Amperometer
Ag
_ s CATHODE ANODE
\ e e Fe Voltmeter
|
Cu
= . At () <)
Agt Y Acid Solution Metal cathode Metal anode
- with -— 2+ Metal-solution Metal-solution
?I Free Copper lons Cu interface Soution interface
@ = : H,0
- - so 2,
AgNO;(aq) J @ = M*A

Figure (1.10). Some examples for electroplating process.
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1.5.1.2. Non-metallic coating

There are two types of nonmetallic coating:
1.5.1.2.1. Inorganic coating
i. Oxidation (passivation)

Steel can be coated with an oxide film by a). Heating at high temperature, b). Chemical oxidation
by treating steel with hot alkaline nitrate, or persulphate or perchlorate ¢). Anodic oxidation by making

the steel structure an anode in electrolytic cell.
ii. Phosphating

Steel is coated with a layer of iron phosphate by dipping in a solution containing phosphoric acid
and zinc phosphate. The iron phosphate film is not highly protective because it is porous so it usually
covered with paint. The phosphate film improves the bond between the metal and the paint.

iii. Enamels

Enamels are glassy layer applied to the metal by dipping it in a suspension of powdered glass,
and then the metal is heated in a stove (furnace) at high temperature where the glass powder melts and

coat the metal.
iv. Cement coating

It is used to coat the inner side of steel pipelines carrying water or wastewater.

1.5.1.2.2.0rganic coating
Organic coating such as the following:
i. Paints
Paint consists of :
1. a film forming substance such as linseed oil or a polymer (resin)
2. an organic solvent

3. a pigment (usually an inorganic oxide or metal powder)

18
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Before applying paint to a steel surface, the metal surface should be cleaned of oxides by sand blasting
or acid pickling. After cleaning, the metal surface is coated with a thin layer of primer.

Note:

Primer: A primer is a paint containing a pigment such as lead oxide (Pb304 red lead) or zinc
chromate which oxidizes the steel surface and inhibits its corrosion. Besides, the primer film increases
the strength of the bond between steel and final paint film. When the primer film dries a thick film of the
required paint is applied over the primer.

ii. Lacquers

A lacquer consists of a thermoplastic polymer dissolved in an organic solvent. Lacquers can be

used to line steel tanks holding corrosive chemicals such as acids.
iii. Coal tar

Coal tar is a brown or black liquid of extremely high viscosity. Coal tar is among the by-products
when coal is carbonized to make coke or gasified to make coal gas. Coal tars are complex and variable
mixtures of phenols, polycyclic aromatic hydrocarbons (PAHS), and heterocyclic compounds, about 200

substances in all.
iv. Temporary coating

It is used to protect metallic structures during shipping and storage by coating the structure with

layer of lubricating oil which can be removed by an organic solvent when the structure is put to service

[3].

1.6. CONCLUSIONS

Electrodeposition is a process widely used in industry. In this entry, emphasis was given to

fundamental aspects and to future potential applications of this technique [4].
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Chapter 2 Methods and experimental techniques of analysis

I1. 1. Introduction

In this chapter we will present the use of the experimental device for sediment development and
experimental procedures such as surface preparation, installation of the baths used, operating conditions,
etc., in addition to use the different characterization techniques such as synthetic, morphological and
electrochemical that we use to study the different coatings made.

11.2. Experimental devices for preparing deposits

11.2.3. Materials
11.2.3.1. Nickel plate

As anodes, we used two rectangular nickel plates on either side of the cathode, about 99 % purity
[5].
11.2.3.2. Substrate used

As a substrate, we used rectangular plates of the steel type BS2 (0.19% C), The parts are
rectangular in shape, It is 5 mm thick, 1 cm long and 5.8 mm wide. The following table gives the
chemical composition of the substrate used (in percentage by mass).

Table (11.1). Chemical compositions of the substrate.

Steel grade

Symbolic  Numerical

designation designation

P265NB 1,0423 019 025 040 0,025 0,015 0,02 0,009 005 0,03

Figure (11.1) Metal rectangular in shape.
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11.2.2. Materials used

Table (11.2). Materials used

DC generator (Direct current generator) Model GPS-18500.
pH-meter Model 903.

Mechanical agitator with their magnetic DAIHAN LABTECH CO, LTD.

bar

Electronic balance Sartorius1219MP

Adhesion of the deposited layer ASTM.B571

Bruker diffractometer Si D8 Advance model

scanning electron microscope JEOL-DAC microscope scanning electronics
Microhardness Zwick/Roell Indentec

11.2.1. Chemical products
All the solutions used were prepared in distilled water with the following chemicals:

1/ Nickel sulfate (NiSO4. 6H20)
2 | Cobalt sulfate (CoSOa. 7H20)
3/ Ammonium chloride (NH4CI)
4 / Boric acid (H 3BO3)

5/ Sodium chloride (NaCl)

6 / Hydrochloric acid (HCI)
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7/ Silicon carbide (SiC)

8 / Sodium dodecyl sulfate (C12H2sNa0aS)

9 / sodium hydroxide (NaOH)

10 / sodium carbonate (Na2COs)

11.2.4. Procedures and experimental conditions

Before any deposition, the substrates have undergone a surface treatment. The solution is restless
for 24 hours to ensure good dispersion of the particles. The elaboration conditions are determined based

on the desired properties.
11.2.4.1. Samples preparation

Ni-Co-SiC coatings have been electrodeposited on pretreated steel substrates in order to
guarantee a reproducible surface finish and to ensure good adhesion of the coating. The preparation
consists of polishing, degreasing in an alkaline bath at room temperature for 3 min, then pickling in an
acid solution for 2 min, these operations are always followed by rinsing with distilled water and then

with acetone.
11.2.4.2. Polishing

The substrates have been polished using an abrasive paper of different particle sizes ranging

from 120 to 1200, washed with distilled water and then stored in acetone to avoid contamination.

_sample

- Moving direction

Sandpaper, Grit size 180

30cm

Figure (11.2) Diagram metal is polished using an abrasive paper.
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11.2.4.3. Electrolytic degreasing

For the degreasing operations, we used an alkaline solution containing a mixture of sodium
hydroxide (NaOH) and sodium carbonate (Na.COz). The operation is carried for 3 minutes at a current

density of the order of 3 A / dm? and at room temperature.

Table (11.3). Operating conditions and chemical composition of the degreasing bath.

Chemical compositions (g/l) NaOH 115
Na>,COs 53
Operating conditions Current density (A/dm?) 3
Time (min) 3 min
Temperature (°C) Ambient

11.2.4.4. Chemical pickling

This operation was carried out in hydrochloric acid (10% by volume). The samples were

completely immersed in the acid solution for 2 min.
11.2.4.5. Rinsing

After performing the chemical pickling, the samples were immediately rinsed in distilled water,

acetone and then rinsed with the plating bath solution.
11.2.4.6. Plating baths

In this work the nickel bath used was prepared at the Laboratory of Thin Films Physics and
Applications at the University of BISKRA [13]. For the Ni-Co/SiC co-deposition, the same nickel-
cobalt bath conditions will be maintained with the addition of the quantities of silicon carbide (SiC)
table (11.4).

Table (11.4). Chemical compositions of the electroplating baths and operating conditions for

obtaining deposits of pure nickel and of the alloy Ni-Co/SiC.

Chemical compositions (g/l)  NiSO4 ,7H.0 21
C0S04,7H20 5
NH4CI 21

e
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H3BO3 20
NaCl 6
SiC 5,10,15,20
C12H25Na04S
Operating conditions Current density (A/dm?) 3
PH 4
Time (min) 60 min
Temperature (°C) 48

11.2.4.7. Plating device

The experimental device used for the electrolytic coating is composed of three essential parts

Figure (11.3), namely:
1/ A current source (direct current generator).
2/ An electrolysis cell, 200 ml in volume which contains three electrodes, two of them constitute

the anodes which are nickel in our case, and the third constitutes the cathode which is steel.

3/ A set of measuring devices (pH meter, thermometer)

—— D.C. Supply
|—
» "'I—
< Thermometer
Mild Steel

nickel Electrodes

Ki— Beaker

--— =_ |FF= e=—=—F=—— plated area of the mild steel

l— Magnetic Stirrer

Figure (11.3). Diagram of the electroplating mounting device.
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11.2.4.8. Addition of an organic additive

To the previous electroplating bath, we added the following additive: Sodium lauryl sulfate
(sodium dodecyl sulfate). The addition of the additive at a concentration of 2 mmol/l is made after

complete dissolution in distilled water by increasing the temperature.

11.3. Characterization techniques

The different deposits obtained by electrodeposition are characterized by different techniques
such as: adhesion quality, scanning electron microscopy (SEM) in order to observe the morphology of
the various coatings produced, the diffraction of X rays (DRX) to identify the crystallographic structure
of the phases obtained. The corrosion resistance of deposits produced in the following aggressive media:
NaCl (3.5%) and Vickers microhardness measurement.

11.3.1. Adhesion of the deposited layer

The adhesion of the electrodeposited layers in this work was measured by the thermal shock
method which is described by the Norm ASTM.B571. This test consists in placing the samples coated in
an oven for one hour at a temperature which depends on the base metal (case of steel at 250°C). Then a
quench fast in water at room temperature. The degree of grip is characterized by the size and whether or

not there is flaking and cracks [12].
11.3.2. Surface analysis techniques
11.3.2.1. X-ray diffraction

X-ray diffraction is a method of identifying crystal phases. It gives information on the purity, the
crystallinity and the value of the parameters crystallographic [14]. The principle of analysis is based on
the diffraction of monochromatic X-rays by atomic planes of the crystals of the material studied (Figure
11.4,5).

The diffraction will take place only in crystallized materials and when the Bragg relation is
verified [13]:

2d (hKl). SinO=n.2

With:
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d (hkl): Inter-reticular distance from the corresponding crystallographic plane, that is the
distance between the index planes (hkl),

0: Angle of incidence of X-rays on the surface of the material studied,

n: Order of refraction,

A Wavelength of the X-ray beam.

X -ray reflection from crystals

Figure (11.4). Family of crystal planes in Bragg condition.

All the diffraction spectra were carried out on a Bruker diffractometer Si (D8 Advance model).
This diffractometer is characterized by: X-rays were produced from a source of CuK a-radiation, having
a wavelength of 1.541838 A °, with a voltage acceleration of V = 40 kV and a current of I = 40 mA. The

diagram of the apparatus is presented in figure (11.4).

d
(a) (b) ‘
i
\
Kg
—L 2 e | =t
Incident beam o= i

\ Outgoing beam

Figure (11.5). Principle of a two-circle diffraction.
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11.3.2.2. Scanning electron microscopy

Scanning electron microscope provides information in the form of images light, resulting from
the interaction of an electron beam with a volume microscopic sample. The SEM consists: (see Figure

[1.6) * From an electron optical column;
* A vacuum circuit;
* An electronic part.

The column is remarkably short, since there are only three lenses for focus the electrons in a fine probe
on the sample. And that there are no other lenses under the latter. On the other hand, the sample chamber
is larger, because the SEM has no limit on the size of the sample, other than that of the chamber. The
part electronics contains the scanning and display circuits. In addition, the power supplies lens and high
voltage are significantly less bulky. The interaction of the electron beam and the micrometric volume of
the sample gives rise to other electrons of different energies, such as secondary electrons, backscattered
electrons, X-rays, etc. The collection of secondary electrons using a detector makes it possible to form

an image giving the topography of the deposit obtained [15].

Electron gun !I: P
]

Anode _ r

_- Alignment coil
CL (condenser lens)

oL
- OL (Objective lens)
< aperture

|
Scan coil |

Secondary oL
electron e "
detector | _— Specimen chamber

__—Specimen holder

- _| - Specimen stage

Figure (11.6). Schematic diagram of a scanning electron microscope In our work, we
used the device of type ""JEOL-DAC microscope scanning electronics”.
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11.3.2.3. Energy dispersion analysis (EDS)

The energy dispersion analysis takes place in the enclosure of the electron microscope. This
technique is based on the same principle as X-ray fluorescence except that the ionization of the material
is this time obtained by electron bombardment. While X-ray fluorescence spectrometry gave the overall
composition of the sample, EDS analysis can determine a local elemental composition at the surface
[16].

Electron source
Ion pumps ¢

Cptical source and
CCD camera

Diffracting
crystals
(1tod) —

Figure (11.7) Energy dispersion analysis (EDS) diagram.

11.3.2.4. Corrosion study

Improving the resistance of electrodeposited deposits and co-deposited layers to electrochemical
corrosion in aggressive environments is one of the most important objectives in electroplating. In order

to confirm our study, the corrosion test was carried out using referent method (the lost mass method).
11.3.2.5. Lost mass method

This characterization method consists in immersing in each beaker containing the aggressive
middle (3.5 g/1 NaCl) a sample of each bath for a period of 20 days, at room temperature. The bare part
of each sample is coated with a layer of varnish so as not to be attacked by the aggressive middle. After

this immersion period, the samples are removed from the solution, rinsed with distilled water and
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acetone and then dried. Finally, the samples are weighed to determine the lost mass and the corrosion

rate for each coating.
11.3.2.6. Microhardness

Vickers hardness is the ratio of the applied load to the projected area of the indentation figure
(11.8).
HV=F/S

Where F is the applied load in kgf, and S is the footprint area in mm2 The S value is obtained from the

diagonal measurement d in mm.

Then: S=d?/ 2cos 22 ° and HV = 0.1891 F/d2

Sample
d2
d1
d, + d,
d= —
2 x F xsin 1326 F
HV = 0.102 = PE = 0.1891 = PE

Figure (11.8). The Vickers method of measuring hardness.
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11.4. Conclusion

In this chapter, we have exposed the different experimental stages of preparation of composite
Ni-Co-SiC + organic additive deposits. Several characterization techniques have been carried out such
as: morphological by scanning electron microscopy (SEM), X-ray diffraction (XRD), micro-hardness
and corrosion resistance in order to achieve the conditions that meet this objective
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Chapter 3 Results and Discussions

I11.1. Introduction

In this chapter, we present the various experimental results relating to Ni-Co-SiC
composite deposits in the presence of an organic additive with a concentration of 2 mmol / | at

different concentrations of solid particles (SiC) elaborated on steel substrates beforehan treated.

The objective of this work consists in studying the effect of the addition of this organic
additive (Sodium dodecyl sulfate (C12H2sNaO4S)) in the electroplating bath. To achieve our
objective, several characterization tests were carried, namely: adhesion test, microhardness,
corrosion resistance in aggressive media, X-ray diffraction (XRD) and morphology by scanning
electron microscopy followed by energy dispersion analysis (EDS).

I11.2. Characterization of elaborate deposits
111.2.1. Adhesion test

The thermal shock test for different layers leads us to conclude these coatings have very

good adhesion.
111.2.2. Scanning electron microscopy of electrodeposited (SEM)

The figure (111.1) shows that the coatings obtained by addition of SiC have a high degree
of co-deposition. The entire surface is covered by the deposit which is homogeneous and
compact. The solid particles are incorporated into the Ni-Co matrix in a homogeneous manner. It
is also noted that the degree of co-deposition is improved by increasing the quantity of solid
particles because the increase in the concentration of solid particles (SiC) in the electroplating
bath promotes the deposition of fine particles. Moreover, after the addition of sodium dodecyl
sulfate (C12H2sNa04S), we see the release of hydrogen bubbles and therefore the reduction in the
number of pores and cracks compared to the deposit of Ni-Co-SiC carried out without organic
additive figure (111.2).

The solid particles take a positive charge by adsorption of metal ions and H ions. This
promotes the transfer of particles to the surface of the cathode, by virtue to the electrostatic
attraction leads to a rapid increase in the thickness of the layer determined by electron

microscopy. Surfactants decrease tension and improve suspension stability of the suspension and
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release the hydrogen bubbles trapped in the deposit. However, the presence of sodium dodecyl
sulfate allows the deposition of fine particles which improves the properties of the deposits.

; ¥ . " . % - » ¥, E . ., i 5 4 a r
SEM HV: 20.0 kV WD: SEM HV: 20.0 kV WD: 11.72 mm VEGA3 TESCAN|
View field: §5.6 ym SEM MAG: 5.00 kx | 10 um

View field: 55.6 ym SEM MAG: 5.00 kx 10 ym
Det: SE Date(m/dly): 05/16/19 LPCMA-Biskra

Det: SE Date(m/d/y): 05/16/19
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o ‘_“
SEM HV: 20.0 KV WD: 11.12 mm VEGA3 TESCAN SEM HV: 20.0 kV WD: 12.68 mm

View field: 55.6 ym  SEM MAG: 5.00 kx | 10 ym View field: 5.6 ym  SEM MAG: 5.00 kx 10 pm
Det: SE Date(m/d/y): 05/16/19 LPCMA-Biskra Det: SE Date(m/d/y): 05/16/19 LPCMA-Biskra

Figure (I111.1). Morphological characterizations of alloy Ni-Co-SiC with organic additive
coating by SEM: (a) 5 g/I, (b) 10 g/l, (c) 15 g/I, (d) 20 g/l of SiC.
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Figure (111.2). Morphological characterizations of Ni-Co-SiC alloy coatings by SEM:
(@) 5g/l, (b) 10 g/l, (c) 15 g/l, (d) 20 g/l of SiC without organic additive.
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111.2.3 Energy dispersion analysis (EDS)

Microanalysis (EDS) is an analytical technique that allows obtaining the elementary and

atomic percentage of the composition of a deposit (Figure 111.3).
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Figure (111.3). EDS spectrum of Ni-Co-SiC + organic additive alloy coatings: (a) 5 g /I,

() 10 g /I, (c) 15 g /1, (d) 20 g /l of SiC.
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On the one hand confirms that nickel and cobalt constitute the metallic matrix, while the
solid particles (SiC) are incorporated in the matrix from where obtaining composite deposits. On
the other hand, the rate of incorporated particles increases as the concentration of solid particles
increases. This evolution of the rate of particles is well verified by the increase in the atomic and

elementary percentage.

Table (111.1). Percentage of the different elements of the composite coating.

Percentage of 59/ 10 g/l 15 g/l 20 g/l
SiC
%Ni 63.05 57.88 57.82 49.61
%Co 26.85 24.43 12.04 15.55
%Si 3.94 4.62 5.44 7.80
%C 5.94 13.07 24.7 27.04

111.2.4. Microhardness method

Measures to control the mechanical properties of nickel cobalt layers electrodeposited, in

the presence of SiC particles, are summarized in the table following:

Table (111.2) groups the values of the micro-hardness into Vickers hardness (HV) of the

different deposits electrodepositeds.

Table (111.2). Microhardness for different concentrations of SiC.

Sample hardness (HV) with organic hardness (HV) without
additive organic additive

Deposit of Ni-Co+5g/l de 354 343

SiC
Deposit of Ni-Co+10g/I de 358 351

SiC
Deposit of Ni-Co+15¢g/I de 361 357

SiC
Deposit of Ni-Co+20g/I de 370 368

SiC
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The figure (I11.4) shows that the coatings prepared in our bath have good hardness. It is
also observed that the addition of solid particles (SiC) in a nickel-cobalt matrix increases the
hardness. This is mainly due to the heterogeneity of the coating and the increase in the
concentration of solid particles (SiC) which improves the deposition of fine particles making the
layer very hard. The addition of the organic additive dislodges the hydrogen bubbles trapped
inside the layer, which greatly improves this mechanical property.
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Figure (111.4). Variation of the micro hardness of the electro-deposited
composite as a function of the concentration of solid particles SiC

without organic additive (A) and with organic additive (B).
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111.2.5. Corrosion test
111.2.5.1. Lost mass method

The corrosion test by the lost mass method examined in an aggressive medium (0.6 M
NaCl) for 20 days at room temperature for the electrolytic deposition of nickel-cobalt-SiC, from
the chosen bath shows that the corrosion rate is very low and which decreases considerably with
the increase in the concentration of solid particles of SiC, this is due to the incorporation of the
silicon carbide particles into the Ni-Co metal matrix and that these deposits present good
resistance to corrosion, because these solid particles act well as a barrier diffusion between the
corrosive medium and the substrate. The best result is obtained for a concentration of 20 g / | of
SiC. It is clear that the addition of the organic additive in the electroplating bath further improves
the resistance to corrosion in a corrosive medium as shown in figure (111.5).

Table (111.3). Results of the corrosion test for the different coatings after 20 days without
organic additive.

Sample S(dm?) mo(g) mi(g) | Am(g) Corrosion rate
(9. dm. month™)
Ni+5g/l Co+5g/l SiC 0.0268 | 5.2256 | 4.3348 | 0.8908 49.830
Ni+5g/l Co+10g/l SiC | 0.0263 | 4.9927 | 4.7896 | 0.2031 11.583
Ni+5g/l Co+15g/l SiC | 0.0239 | 5.3251 | 4.1559 | 0.1692 10.619
Ni+5g/l Co+20g/l SiC | 0.0269 | 5.3266 | 5.1747 | 0.1519 8.470
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Table (111.4). Results of the corrosion test for the different coatings after 20 days with
organic additive.

Sample S(dm? | mo(g) | ms(g) | Am(g) | Corrosion rate
(9. dm month™)
Ni+5g/l Co+5¢g/l SIC | 0.0268 | 5.2346 | 4.5132 | 0.7214 40.376
+ organic additive
Ni+5g/l Co+10g/I SiC | 0.0263 | 4.8967 | 4.8282 | 0.0685 3.906
+ organic additive
Ni+5g/l Co+15¢/I SiC | 0.0239 | 5.3341 | 5.3163 | 0.0178 1.117
+ organic additive
Ni+5g/l Co+20g/I SiC | 0.0269 | 5.2996 = 5.2873 | 0.0123 0.685
+ organic additive

60
—4&— (B) with additive —@i— (A) without additive

50
40
30
20
10

Concentration of SiC (g/l).

25

Corrosion rate (g. dm? month?)

Figure (111.5). Variation in corrosion rate as a function of the concentration of solid
particles (SiC) without organic additive (A) and with organic additive (B).
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111.2.6. Grain size

The grain size was determined from the width of the mid-height of the peak using the
Scherrer equation modified by Warren and Biscoe [45]:

0941
" = Bcoso

Where 0 is the position of the peak in the X-ray diffractogram, [ is relative to the integral
widening of the peak (in radians) which has been approximated to the width at half height

(LMH), X is the wavelength (in A) and 7 is the grain size.

Table (111.5): Values of the grain size of the different electrodeposited layers.

Samples 20 (°) cos 0 FWHM (°) B (rad) T (A°) 7 (nm)
Ni+5g/l Co+5g/l | 44.4441 | 0.9257 | 0.2062 0.0035 446.971 | 44.6471
SiC+ org. additive
Ni+5g/l Co+10g/l | 44.4168 | 0.9258 0.2066 0.0036 434508 | 43.4508

SiC+ org. additive

Ni+5g/l Co+15g/l | 44.4770 | 0.9256 0.2362 0.0041 381.609 | 38.1609
SiC+ org. additive

Ni+5g/l Co+20g/l | 44.4327 | 0.9992 0.2657 0.0046 315.070 | 31.5070
SiC+ org. additive
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Fig. (111.6). Grain size of Ni-Co deposits as a function of the SiC
concentration.

Figure (111.6) shows that the grain size decreases by increasing the concentration of solid
particles of silicon carbides. The addition of organic additive reduces the number of pores and
therefore, leads to a compact deposit and improves the mechanical properties and corrosion

resistance.
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111.2.7. X-ray diffraction analysis

X-ray diffraction analysis of the various deposits leads to the following results: In all
diffractograms, the structure is clearly crystalline. Crystallization is perfect and all peaks are very

well resolved.

Diffractorgram analysis of Ni-Co-SiC substrates shows that the peaks at 2 theta = 28-29
°, 44-45 ° 51-52 ° and 75-7 ° correspond to the planes below: (1 1 1), (2 0 0) and (2 2 0)

respectively.
The most intense peak is that indicated at 44-45 ° corresponding to the plane (11 1).

For the concentration of 5, 10,15 and 20g / | in SiC, we observe the SiC phase at 2theta:
28-29 ° correspond to plan (111).
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111.3. Conclusion

The characterization of the different coatings by several techniques has shown that the
deposits elaborated have perfect adhesion, present a good hardness, better corrosion resistance in
the aggressive medium (NaCl 3.5%) and that the entire surface of the substrate is covered by a
homogeneous and compact layer of Ni-Co-SiC, this is mainly due to the incorporation of solid

particles (SiC) in the metal matrix.

Furthermore, the addition of organic additives removes the hydrogen bubbles formed

inside the layer, resulting in a considerable improvement in the properties of the coating.
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General Conclusion

The aim of our work is the study of the effect of an organic additive on the behavior of a
composite Ni-Co-SiC coating electrodeposited on steel pretreated at different concentration of
solid particles (SiC).

Several characterization tests were carried out to study the effect of an organic additive
on the properties of the coatings produced, namely: the adhesion test, morphology by scanning
electron microscopy (SEM), corrosion resistance in the corrosive medium, microhardness and X-
ray diffraction (XRD).

v Adhesion test
All composite coatings have very good adhesion to the substrate and have a good quality.
v Morphologie

Observation by scanning electron microscopy shows that the entire surface of the substrate is
covered by the Ni-Co-SiC composite deposit which is very homogeneous and compact. It is clear
that the addition of the organic additive to the electrolytic bath decreases the number of pores
and the cracks and consequently improves the mechanical properties and the resistance to

corrosion in the aggressive medium considered.
v" Microhardness

The microhardness test shows that Ni-Co-SiC composite coatings have good hardness and the
addition of organic additive improves this property well. This is due to the incorporation of solid
particles into the Ni-Co metal matrix and the release of hydrogen bubbles. The increase in the

SiC concentration increases the microhardness due to the small grain size.
v Corrosion test

The corrosion test by the lost mass method examined in an aggressive medium (3.5 g/l NaCl) for
20 days at room temperature for the different Ni-SiC-SiC composite coatings, shows that the

corrosion rate is very low and which decreases considerably with the increase in the
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concentration of solid particles of SiC, this is due to the incorporation of the particles of silicon
carbide in the Ni-Co metal matrix. The addition of organic additive further improves the

corrosion resistance of the corrosive medium.

44






Bibliographical References

Bibliographical References

General Introduction

[11] MARMI Saida « COMPORTEMENT A LA CORROSION DES REVETEMENTS A BASE
DE NICKEL ET DE CHROME SUR DES SUBSTRATS DE CUIVRE », Thése de doctorat,
UNIVERSITE MOHAMED KHIDER-BISKRA (2017)

[14] E. GUETTAF TEMAM, « Elaboration et Caractérisation des Revétements de Nickel et
des ses Composite Ni/Mo Elaboré par voie Electrolytiques en Présence d’un Inhibiteur

de Corrosion », Thése de doctorat, Université Mohamed Khider-Biskra, (2015).

Chapter |

[1] Lecture 1: Corrosion: Introduction — Definitions and Types, NPTEL Web Course,

web (https://nptel.ac.in/content/storage2/courses/113108051/modulel/lecturel.pdf),

time (2020.8.12)
[2] A SHORT INTRODUCTION TO CORROSION AND ITS CONTROL CORROSION
OF METALS AND ITS PREVENTION, [CORROSION&PROTECTION/BM],

web (https://pdfs.semanticscholar.org/5505/d2¢561569b77b59afb7cf2c7bbe016cbdae4.pdf),

time (2020.8.12)
[3] CORROSION CONTROL (Methods of combating corrosion), web

(https://www.kau.edu.sa/Files/0060757/Subjects/ CORROSION%20CONTROL %20ChE%20311.pdf),

time (2020.8.12)
[4] Andre” Avelino Pasa, Electrodeposition, (Thin Films and Surfaces Group, Departamento
de Fi'sica, Universidade Federal de SantaCatarina), Brazil.

Maximiliano Luis Munford, Electrodeposition, (Group of Organic Optoelectronic Devices,



https://nptel.ac.in/content/storage2/courses/113108051/module1/lecture1.pdf
https://pdfs.semanticscholar.org/5505/d2c561569b77b59afb7cf2c7bbe016cbdae4.pdf
https://www.kau.edu.sa/Files/0060757/Subjects/CORROSION%20CONTROL%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20ChE%20311.pdf

Bibliographical References

Departamento de F1'sica, Universidade Federal do Parana”), Brazil.
[5] HENNI ABDERRAHIM « CO-DEPOSITION DES DEPOTS COMPOSITES Ni/Mo
EN PRESENCE D’UN ADDITIF ORGANIQUE », These de Master, Université Mohamed

Khider — Biskra (2015)

[6] Method of determining organic additives in an electroplating bath, EUROPEAN PATENT

APPLICATION, Representative: Kent, Venetia Katherine Rohm and Haas (UK),
Date of filing: 16.04.2004

[7] Sodium Lauryl Sulfate Profile Active Ingredient Eligible for Minimum Risk Pesticide Use,
Brian P. Baker and Jennifer A. Grant, (Integrated Pest Management, Cornell Cooperative
Extension), New York State Integrated Pest Management, Cornell University, Geneva NY

[8] Charline MEUDRE, Obtention de revétements électrochimiques de bronze en milieu acide

avec ajout d’additifs organiques a base de gélatine, These de Doctorat, I’Université de
Franche-Comté (2015) France

Chapter |1

[9] Mr KHERAZ Hamid, « contribution a la etud electrochimique des depots du nickel sur le
Cuivre » These de Magister en Genie Mécanique, Université Abderrahmane Mira — Bejaia
(2010)
[10] RETIMA Rahima « Etude de I’effet de la densité de courant sur les dépots de Nickel élaborés
par voie électrolytique », These de Master, Université Mohamed Khider — Biskra (2016)
[11] MARMI Saida « COMPORTEMENT A LA CORROSION DES REVETEMENTS A BASE

DE NICKEL ET DE CHROME SUR DES SUBSTRATS DE CUIVRE », Thése de doctorat,
UNIVERSITE MOHAMED KHIDER-BISKRA (2017)

[5] HENNI ABDERRAHIM « CO-DEPOSITION DES DEPOTS COMPOSITES Ni/Mo EN




Bibliographical References

PRESENCE D’UN ADDITIF ORGANIQUE », These de Master, Université Mohamed
Khider — Biskra (2015)

[12] NF A91-111. 11. 76, Revétements M¢étalliques, Mesure de 1’épaisseur par la Méthode
Coulométrique par Dissolution Anodique, Spécification Générales.

[13] S. Hariech « Elaboration et caractérisation des couches minces de sulfure de
cadmium (CdS) préparées par bain chimique (CBD) », Thése de magister, université
Constantine, (2009).

[14] E. GUETTAF TEMAM, « Elaboration et Caractérisation des Revétements de Nickel et
des ses Composite Ni/Mo Elaboré par voie Electrolytiques en Présence d’un Inhibiteur

de Corrosion », Thése de doctorat, Université Mohamed Khider-Biskra, (2015).

[15] Z. FEKIH, « Electrodéposition des métaux (Fe, Ni, Mo, Co...) sur silicium et silicium
poreux », These de doctorat, Université Abou Bakr Belkaid-Tlemcen, (2013).

[16] Aymeric NEVERS, ( Effets des ultrasons sur 1’élaboration de revétements électrolytiques
d’argent et d’argent-étain : nucléation, croissance et structures cristallines), Université

de Bourgogne Franche-Comté, Publicly supported June 7, 2017




Abstract

gdla

Joasidl Ni-C0-SiC S e patliod o 4 gune Ailias sale Lls 2l 0 ) o i) &3 3l Jeall Cangg
(R s Ay samnll il dilia) s Al @l i) ae oy jal Bae dalled 40V 0 IS o WilhaiS g S 4yle
i) AaiY) ol jail g s0all (S sy 8 JSU A slia ((SEM) (55 35S skl eaal) ¢ lail¥) sl
le Ailiaall 4 gumel) 52l &) Jaxd Bam Ao 55 i3s3 38l laa e Batl) Ld A€ 5all leSUal) jaen (XRD)
il 5 50m 3230a Ll Ni-C0-SiC 48 pall culedall o sadall jial jelat ISV dawsgll 6 JSTI o glia (puan
oilaia Ni-CO-SIC —Se of Wl 35 5SIY) bl Jemaly andl) jeda)  Sdaalall sda Gy 4y sumal) salall
O 5ol e i &y goaall il dilia) i35 Ni-CO-SiC ¢y JulSI aia 3 38 ) o o 5 Aall La gaan
oLl Gailliad e S IS5 s Lae dddall Jaka 45 5S4l
5l i o ) sall ¢ JSU Ao gl ey punnll Cliliaall ¢ e 5 eI puia sill : Apalida cilals

Abstract

The present work consists in studying the effect of an organic additive on the behavior of
an electrodeposited Ni-Co-SiC composite coating on previously treated steel substrates. Several
characterization tests were carried out to study the additive effect on the behavior of the coatings
produced, such as: the adhesion test, morphology by scanning electron microscopy (SEM),

corrosion test in corrosive medium.

All composite coatings have very good adhesion to the substrate and are of good quality.
The addition of organic additive further improves corrosion resistance in the corrosive medium.
The microhardness test shows that the Ni-Co-SiC composite coatings have good hardness and
that the addition of organic additive improves this property well. The examination by scanning
electron microscopy shows that the entire surface of the substrate is covered by the Ni-Co-SiC
composite deposit which is very homogeneous and compact. The addition of organic additives
removes the hydrogen bubbles formed inside the layer, which greatly improves the properties of

the coating.

Key words: Electrodeposition; Organic additive; Corrosion; Morphology; Microhardness




