Surface Engineering for Corrosion and Wear Resistance Application
Prof. Jyotsna Dutta Majumdar
Department of Metallurgical and Materials Engineering
Indian Institute of Technology, Kharagpur

Lecture - 38

Electro and Electroless Deposition Process

Now, in this talk will come across the electrometric base techniques particularly Electro
Deposition techniques and also the solution base techniques like electro less deposition

techniques.
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Electro and Electroless Deposition Process

Electro-deposition

Electro-less deposition

So, both their techniques are applied for the development of a very thin coated layer on
the surface of the metallic substrate. So, as a name implies in one case we basically use
electrolytic current for the deposition purpose, other case it is free from any kind of
electrolytic process, it is you do not need to apply any electrolytic electric electrical

current for the process to occur.
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Introduction

What is Electro deposition?

Electro deposition is the process of coating a

thin layer of one metal on top of a different

metal to modify its surface properties.

Done to achieve the desired electrical and
corrosion resistance, reduce wear&friction,
improve heat tolerance and for decoration.

E.D. is a surface coating method that forms

an adherent layer of one metal on another.

So, first we will discuss about the electro deposition process. So, it is the process of
development of a very thin to moderately thick coating layer on the surface of substrate,
for developing the completely another layer on the substrate, for improving the wear
resistance, for improving corrosion resistance for improving the aesthetic appearance of

the surface as well as for development of completely new kind of component in practice.

So, usually this process is very simple, where we use the component or substrate as the
cathode and we pass electrical current. Anode is may anode may be made of the
consumable materials consumable anode or it may be made of kind of inert anode and
when you pass electrical current what happens is that, there is deposition on the surface
of cathode and that deposited layer is actually dependent on the kind of deposition, kind

of solution, electrolytic solution you are using and naturally based on your requirement.
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So, as the name implies this is electro deposition and where you need to have the
conductive substrate and the metal which you are going to deposit has also to be
conductive. So, you will find that for electro deposition, you need to have any kind of
you cannot have any kind of substrate. So, basically the substrate have to be highly
substrates, you are use used for electro deposition it have to be conductive in nature. So,

non conducting surface cannot be used for substrate in electro deposition.

So, usually substrates are highly conducting in nature. So, on the other hand if you talk
about deposition, ideally all metallic materials may be deposited by electro deposition
technique, but there are certain limitations all metals cannot be deposited by electro
deposition techniques. These are the dark hatch colored are the normal metals which are
easily electro depositable. So, cross sized metals are the intermediate metals which may

be deposited.

And then again light has metals are like inert metals, which may be again deposited and
if you talk about the white hatched metal metallic metals there they cannot be deposited
they are not depositable. So, you will find that not all metallic materials may be
deposited by electro deposition process. So, for the electro deposition to occur first of all
the aqueous salt or aqueous electrolyte has to be available unless an until across
electrolyte of that metal is available you cannot do electro deposition this is the first

requirement.



Second requirement is that when you deposit the metal in the cathode, naturally there is
also the process of hydrogen evolution process. So, hydrogen evolution process the
kinetics of hydrogen evolution at that potential should not exceed the deposition process
that is second requirement, third requirement is that there should not be any oxide

formation of the metal ion which you are producing in the electrolyte.

So, these are three important requirements for the materials to get depositable. So,
because of that you will find that not all metals can be deposited by the typical way of

electro deposition.
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Electroplating Setup

Plating Solution

This is the typical set of our electro deposition process. So, when you use the metal as
that typical cathode and your anode may be consumable anode, your may anode maybe
not constable conductive anode. So, what you do is that, when you and your electrolyte
should contact the electrolyte plating solutions is the source of ions of that metal which

you are going to deposit.

And you apply the electrical power supply, the power supply may be your normal DC
power supply unit or it may be parts power supply unit and you have to expose for a
certain period of time. If you are interested to increase the kinetics of the deposition you
have to increase the temperature to a little extent. So, these are the requirement for the

electro deposition.
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Faraday’s Law

The amount of electrochemical reaction that occurs
at an electrode is proportional to the quantity of
electric charge (Q) passed through the cell

The weight of a product of electrolysis is W, then
W=ZQ (Zis the electrochemical equivalent)

Since Q=It, it follows that W=ZIt

Production of one gram equivalent of a product at
the electrode (Weq) in a cell needs 96487 Coulombs

So, now if you quickly go through the deposition rate, deposition rate is very much can
be calculated by the application of Faraday’s law. So, if you just quickly go through the
deposition rate you will find that it follows the typical Faraday’s law when it depends on
the amount of electrical current that is or current density that you are passing for the
electro deposition and that of time and it is also dependent on the electrochemical

equivalent of that metal which you are going to deposit.

So, if it is the W which is go which mass of the electrode, mass of the element that you
are going to deposit or weight of the electrode weight of the materials which you are
going to deposit that is equal to Z I divided Z is nothing, but typically electrochemical
equivalent, I is the current density and t is a time. So, this is very important and this gives
you typical amount of metal which is going to deposit for a given solution or for a given

metal.

So, this is again a kind of value which gives you information under ideal condition in
real condition there are several factors which play important role and which reduces the

kinetics of the electro deposition process.
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Electroplating Applications

Automotive parts

Printed circuitry and electrical contacts
General engineering components
Gold-Silver wares and Jewelry

Musical Instruments and Trophies

Soft metal gaskets

Anti-seize bearings

Decorative door, light & bathroom fittings
Production of micro parts for MEMS

Now, if you quickly go through the application of the electroplating, it is usually mostly
applied for typical aesthetic appearance enhancement purpose, it can we applied for
coating for corrosion resistance application, it can also be applied for wear resistance
application and it can also be applied for development of the micro parts of the for the

MEMS.
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Typical parts that can be immersion electroplated for wear resistance.

And one of the biggest limitation of this electro deposition is that, when you electro

deposit there is also chance of the charge accumulation along the easies and corners of



the deposited layer. So, when the problem were charged charge a problem of the charge
generation is they are charged concentration is there around the corners or sour points
you will find that there is actually changing the thickness along the corners and the

difference in thickness causes problem.
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So, after the electro deposition is over, you have to take out the extra metal and make it
uniform in thickness. So, whenever it is important that you do electro deposition of
different saved component of thick product or thick electro deposited layer, you have to
design the component in such a fashion that there is no chance of accumulation of the

charges along the corners or different parts of the component.

So, otherwise electro deposition is a very good process and can we apply it for any
component like shaft, roll, knife, dyes this hard chromium coating for the typical real
resistance application. So, it can also be applied for a soft metal gasket, then anti seize
bearings, decorative door lights and bathroom fittings can be applied for production of
micro parts for MEMS application. So, these are the typical applications of the electro

deposition.
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Equilibrium Electrode Potential

Potential across an Interface
(MS
EL) A (ML) =9 (M)-0 ()

Electrochemical cell
needs to be formed
KLY to measure the A

(5]

Two Types of Potentials:
Metal/metal-ion potential
Tonic Solution | RERLETH

Now, if you quickly go through the electro deposition process in an all real condition,
you will find that real condition the Faraday’s law is not fallow followed. So, whenever
you deep the electrode in an electrolyte containing the metal ions, you will find that there
is a potential across an interface. The electrochemical cell needs to be formed to measure
the that delta 5 and two types of potentials are there metal nonmetal potential, redox

potential.
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Cell Voltage and Electrode Potential
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Inter Phase Formation

Tno Phases i m Contact

At the Moment of At equilibrium
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Formation of Metal-Solution
Interface

Charging of the
interface

I At the interface, there
S8 will be an exchange
RO of M ions

Equilibrium State
Solution 2=

At equilibrium, inter-
face region is neutral

So, when you talk about this charge accumulation naturally, there is always a very thin
layer formation that which actually acts as a barrier to subsequent electro deposition,
when you do electro deposition in practice. So, that charge accumulation at the interface

causes as barrier for subsequent electro deposition process.
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Water Structure At The Interface

The presence of excess charge on metal causes ion
redistribution and reorientation of water dipoles.

_ v

So, when it is there naturally you have to be careful you have to break the layer or
otherwise the deposition rate will be slowed down. So, the presence of excess charge on
material causes the ion distribution or reorientation of the water dipoles. So, this is very
important there is always presence of very thin solvated layer on the surface of the metal

when you do electro deposition process.
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So, because of the solvated layer accumulation, you will find that potential on the surface
gradually drops down. So, this casual drop in proposed potential causes the reduction in

the kinetics of the electro deposition process.
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Fic. 1.4 The structure of the electrical double layer,

This is called a Helmholtz double layer, Helmholtz double layer formation is there then
Gouy Chapman layer is outer layer. So, you will find that because of presence of the

solvated ions there is always accumulation of charge at the near surface region.
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So, the charge or accumulation decreases the weight of the metal which is actually
deposited and there is always a difference between the weight which is calculated from
Faraday’s law and the weight of the metal which is actually deposited and these two
differences actually or the ratio between the two gives you the efficiency of the electro

deposition process.
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Typical Composition of Nickel Baths

Watts Sulfamate
Material Quanity Quantity
Nickel Sulfate 150¢/L -
Nickel Sulfamate - 30gL
Nickel Chloride | Sg/L gl
Boric Acid Bl 80¢gL
Ferrous Sulfate §glL -
Additives gl 15mlL

Now, if you quickly go through the bath which are use for example, in case of nickel
deposition this is nickel bath. So, you can have the nickel sulfur solution, nickel chloride
solution, boric acid is used for usually for as a kind of additives for, changing the
brightness of the process you can use solar sulfate as buffer and also you can have

different other additives for reaction slow down.
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And when you talk about the electro deposition naturally you will find that deposited
layers are in the form of patterns and those atoms can migrate also on the surface
because of the presence of several defects on the surface and then migrated atoms say

they occupy the defects and corners defects on the sides.

So, defects on the (Refer Time: 12:00) naturally you will find that at the surface if you
just clearly see the interface, you will find that at the interference there is atomic level
diffusion and that atomic level diffusion actually offers the addition or strength of the

coating.
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Influencing factors in
Electro deposition

The morphology and composition of electrodeposits
vary significantly, and depend on:

Current density

The nature of the anions or cations in the solution
Bath composition and temperature

Solution concentration

Power supply current waveform

The presence of impurities

Physical & chemical nature of substrate surface

Now, if you quickly go through the factors which influencing the electro deposition, they
are current density the nature of anions are cations in this initial bath composition and
temperature solution concentration, power supply current waveform, presence of

impurities and physical and chemical nature of the substrate surface these are important.
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Pulse and Pulse-Reverse Plating

In de-plating, constant current is used, and the rate
of arrival of metal ions depends on their diffusion
coefficient (electrode-to-part spacing and agitation).

In PC and PRC, a modulated current waveforms
are used to get a better leveling of the deposit, and
to minimize the porosity, contamination, etc,

The morphology of some metal and alloy deposits
were found to be superior to the de-plated deposits.

Complex current wave forms can be generated by
using pulse rectifier: unipolar and hipolar pulses.

So, now if you talk about the different type of parameters which influence the electro
deposition kinetics, they are first important parameters influencing the kinetics of electro

deposition are current density and time and apart from current density and time the bath



composition additives they are also important parameter and finally, the kind of current
you are using whether it is in DC mode or pulse mode that also influences says the
process to a large extent. So, that particular current can be applied in two different

modes; one is pulse current another one is pulse (Refer Time: 13:14) current.

So, in dc plating the constant current is used and the rate of arrival of metal ion depends
on their diffusion coefficient and in pulse that pulse reverse rating a modulated current
waveform is used and that particular modulated pulse waveform basically offers very
nice leveling and also cleaner deposition and also minimize the porosities and
contamination on the surface. The morphology of some metal and alloy deposits were
found to be superior to be dc plated deposit, the complex current wave form can be
generated by pulse rectifier. So, you can use different pulse rectifier for complex current

reform generation.
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Characteristics of Unipolar Currents

To characterize a train of current pulses, three
parameters need to be known

* The cathodic peak pulse current density (Je)

* The cathodic pulse length (tc)

* The interval between pulses (tp)

The average current density Jav is measured,
and it is expressed for PC as: Jav=(Je x to)/(tc + tp)

The duty cycle (T) which represents the portion of
the time in each cycle when the current is ON,

Itis defined by T=te/(tc+ tp) 3 Jav = JexT

So, whenever you talk about unipolar current naturally, you have two important unipolar
current that will sit basically now changes with time and it is only in that you are that
you are saved cathode excess cathode and or maybe you sometimes stop the cathodic
reaction. So, you either current is very high value your current is 0. So, in this unipolar
current what you do is that, in the cathode or in the anode the current density is either

maximum or 0 and there are two important parameters; one is cathodic peak pulse



current density another one is cathodic pulse length and interval between the pulses these

are important parameters.

So, average current density maybe measured by knowing these all values like if you have
the current density of the cathode is Jc and if you cathodic pulse length tc. So, in that
case current density in the cathode averaged conducive in the cathode is equal to Jc into
tc divided by tc plus tp. On the other hand the duty cycle is nothing, but tc divided by tc
plus tp. So, this is actually these are the two important parameters; one is average current
density in the cathode, another one is that typical time of duty cycle or time of cathodic

interact time of the deposition actually.

So, these two parameters finally, gives you information about the overall time actually

that is overall time or overall current that is showing on the cathode.
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Characteristics of Bipolar Currents

To characterize a train of pulse-reverse current
waveform, four parameters need to be known.

* The cathodic peak pulse current density (Jc)

* The cathodic pulse length (tc)

* The anodic pulse time (ts)

* The anodic current density (Ja)

Jov = (Jex te+ Jata) / (tc + ta)
Tpre = (Jex te- Jata) / (Je tc)

So, on the other hand if you talk about the bipolar current that we seen cathode is acting
cathode and anode simultaneously. So, there are two important parameters like cathodic
pulse peak pulse current density, cathodic pulse length, then anodic pulse time and

anodic current density.

These are four important parameters and naturally J average is equal to the cathodic
current density and time for cathode there are no time for which it is cathode plus

cathodic current density time for cathodic and anodic current density into time for which



it is a anode divided by total time like tc plus ta. On the other hand if you talk about the
duty cycle, it its equal to Jc to tc minus Jat a divided by Jc tc.

So, these two parameters when there then total current that is flowing over the system
you get information by multiplying that cathode the average current with that of average

duty cycle.
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Effects of Pulsed Current on the
Deposit Properties

PC affects the mechanism of electro-crystallization,
which in turn, controls the physical and mechanical
properties of the deposit.

Nucleation rate of the depositoc current density.

Use of high Jav pulses can produce deposits with
reduced porosity, and finer grains through the
desorption of impurities and renucleation of deposits
with the formation of new, smaller crystal grains.

Grain size depends on the duty cycle and the bath.

Low Cand N content, deposits with low stress,
increased ductility and electrical conductivity.

So, now if you talk about the pulse current on deposited property, it is having certain
advantages over DC current for example, if you think of about electro deposition process
you will find that, electro deposition is active till the or maybe you can say that total any
deposition process consists of two stages; one is nucleation and growth second one is

growth.

So, usually nucleation rate of the electrode deposition process is proportional to that of
current density. So, when you talk about electron nucleation rate it is proportional to that
of current density. So, as it is proportional to that of current density naturally you will

find that higher the current density higher will be the nucleation rate of the deposition.

On the other hand if you talk about growth rate; growth rate is proportional to time for
time of the interaction or duty cycle. So, if you go on increasing the current density and

decrease the duty cycles, you will find that the growth will be restricted. So, if you are



interested to have very find deposited layer on the surface of any substrate, you should

increase the typical current density and you should decrease the duty cycle.

So, these two things can be independently varied in case of pulse or pulse reverse mode
on the other hand in DC mode you cannot really vary these all things and brain size
depends on duty cycle of the bath. So, this is very important that you should use the
pulse current in and pulse reverse current so, that you get the required grain size and also

required properties in the coated layer .
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Structure and Properties of Depasits

The crystalline structure formed as a result of E.D.
depends on a competition between rates of new
crystalline formation and existing crystal growth.

Several factors in plating process influence the
crystal structure and grain size of the deposits.

So, it is naturally your ultimate structure will be dependent on the current density and
duty cycle combinations, it is very important that you fix them up, fix them up or you

optimize them properly.
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Usually, if you talk about dc electro deposition process, there you get very large
columnar grains or density grains. On the other hand if you talk about the electro

deposition where pulse a pulse reverse mode, your deposition structure is highly uniform

it is compact in nature.
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Plating Bath Control Using
Ampere -Time Instruments

Plating is done by following a quantity called

amperage which indicates the total amount of

current that has passed through a plating bath.

A change in bath's resistance will change amperage.
The amount of metal deposited depends on three
factors:

Amperage, Plating time, Curvent efficiency of the bath
-Ampere-time x C.E. = mg of metal deposited
“Thickness (u") = mg of metal x Factor plated area (in’)
-Ampere-time x C.E. = Thickness Area factor

So, the thickness of the deposited layer and also its microstructure can easily be
controlled by controlling these parameters. On the other hand if you are interested to

control the other factors like your leveling of the bath, if you are interested to control the



or minimize the charge density along the corners, you have to go for typical other kind of
equipment that is ampere time instrument, where you basically want fixing up an
amperes and time and also you can choose the bath composition in order to have proper

leveling of the bath.
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Current Efficiency

Current efficiency is the ratio between the actual
amount of metal depositing (or dissolved) M, to that
calculated theoretically from Faraday’s law M, in %.
CE.=(M,/M)x100

C.E.indicates the faction of total current that
generates desived products.

The overall amount of chemical change produced by
a given quantity of electricity can be determined.
Cathode & anode efficiencies - In an ideal situation,

cathode efficiency will be equal to anode efficieacy.

So, usually if you add some complex reagent in the bath, usually it reduces the kinetics
of the deposition and by this process he basically level the structure for it to a very large
extent. And current efficiency is also very important; current efficiency equal to a date of
which it is deposited in that and also date of a which at least it is deposited as for the
Faraday’s law and to that of the rate at which it is actually deposited the ratio of actual
deposited layer to that of the same which is experimentally or your theoretically
calculated by Faraday’s law these two ratio gives you information about current

efficiency.

So, current efficiency is very important because each if it is high then naturally you can

say that the rate of deposition is very high hindrances quite minimum.
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Macro Throwing Power

The ability of a bath to produce deposits of more or
less uniform thickness on cathodes having macroscopic
irvegularities is termed Macro-throwing power,

Ni plating (also other acidic Cu and Zn baths) show
poor throwing power. If the C.E. values are close to
100% at low and high current density values, then
the macroscopic irregularities on the cathode will
lead to non-uniform deposits.

Alkaline baths have better macro throwing power,
since the metal ions are present as complex ions.

On the other hand if it is known actually is fine that, very hindrances are there while
moving the ions. Now last one is macro throwing power. So, it is nothing, but the ability
of a birth to produce deposits of more or less uniform thickness over macroscopic

irregularities, this term as macro throwing power it is very important term actually.

So, lower is the macro throwing power naturally you find that, it is a ability of whether
two deposit uniform the higher is the macro throwing power naturally higher will be the
uniform deposited layer. So, macro throwing power is very important. So, if you go on
adding for example, nickel plating shows poor macro throwing power. So, though it is
having very high deposition rate, but for macro throwing power; that means, when you
deposit the nickel by electrodeposition process, naturally if you have soft corners in the
component they are deposition thickness will be go lower than that of deposition

thickness will be higher than that of rest of the part.

So, deposition thickness if you are interested to have very fine uniformly deposited layer,
you have to go on having the bath or solution which basically offers no macro throwing
power. So, macro throwing power is higher macro throwing power. So, macro throwing
power is power is very important. And usually you can enhance the macro throwing
power, but you receive the rate of the deposition by addition of different complex reagent

in the solution.
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Uniform Electrodeposit Through
The Use of Complex Baths

* Inmost complex haths, the deposition potentials
are amenable to hydrogen evolution which
competes with metal deposition such that C.E,
falls as current density is increased, This results in
a more uniform deposit on cathodic macro
irvegularities.

* When the ions are complexed, they encounter high
concentration polarization (CP). If the CP is high,
the micro throwing power is rather poor,

* The ability to produce a deposit over a surface
including recesses is called covering power.

So, if you use complex baths like by why the application of complex bath, the deposition
potential basically are amenable to hydrogen evolution which computes a metal
deposition process and the cathodic efficiency falls as current density is increased, this
results in more uniform deposit on cathodic macro irregularity. So, this is very important

because in the cathode you have also hydrogen evolution.

So, if you have very high macro throwing power deposition rate is very slow because of
hydrogen revolution that basically levels your deposits. So, macro throwing power is a

very interesting parameter which is important for leveling the deposition.
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Electroless Deposition
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This X, requires a catalytic
surface. The Reductant is
the source of electrons.

Common Reducing Agents:
* Formaldehyde

* Hypophosphorous acid
* Alkali borohydrides
* Alkali diboranes

So, next type of deposition is electroless deposition process. So, electroless deposition
you do not need to pass in electrical current where, but you do add reducing agent in
order to change the metal ions to its metal act on to its act on. So, usually electroless
deposition techniques are very much this technique is very much powerful technique for
development of the coating on nonmetallic materials, particularly non metallic materials

like odot or maybe polymers or ceramic materials for metalizing them.

Or otherwise metallic materials which otherwise is difficult to code deposit on for
example, aluminium, magnesium, this stainless steel on which deposition is very difficult

there you can use the electroless deposition process.

So, the basic purpose processes is a easy actually. So, where you basically in the solution
you are a reducing agent and common reducing agents are formaldehyde hypo
phosphorous acid, alkali borohydrides and alkali diboranes. So, these particular agents
when you add naturally the metal ions gets reduced to its metal atom and it get deposited

onto the surface of the substrate.
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Advantages of Electroless Deposition

No electrical contact is needed

Itis possible to plate both conductive and
insulating surfaces, provided the surfaces are
first sensitized.

Itis readily adaptable for three-dimensional
coverage,

No field lines are present, and this enhances deposit
uniformity

So, here I you do not need to add in electrical contact. So, it is electrical contact list
process. So, you can apply this particular deposit without any electrical contact and hints
this is an important process for deposition on conductive as well as non conductive

material.

So, if you are interested to do electro deposition on non conductive material or those
metals which otherwise is difficult to be used as electro deposition substrate, there if you
first to electrolyte deposition and then deposit the thin nickel layer electrolyte deposited
nickel layer or copper layer, then if you a use it as substrate for subsequent electro

deposition your deposition rate becomes very high.

So, it is readily available for three dimensional coverage, there is no field lines are
present and the deposition is almost uniform. This is a very useful technique, but heats
the efficiency is much lower than that of the same for electrodeposition or kinetics of the
process is quite slow. Because in this case you are wishing basically using reducing agent
to cause metal atoms and whatever metal atoms are produced they are distributed non
uniformly all throughout the surface some of the metal at (Refer Time: 25:58) less you
are lost in the environment. So, actual deposited metals is much lower than that of the

same which you are generating by the process of the ionization.
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Metallizing Nonconductors

Certain parts or components whose functions are
fully utilized only when the properties of hoth a
metal and non-metal are combined.

Generally a partis made of plastic or ceramic, and
the metal added to its significant surfaces to impart
specific metallic properties.

1. For electrical conductivity, as in PCB.

2. For metallic appearance, as in the buttons,
door knobs, wheels in toys, etc.

3. For strength, as in woman's high heel shoes.

So, were this technique is mostly applied for ionization of the conductor, metallizing of
conductor non conductors like for electrical conductivity in PCB for metallic appearance
as in the buttons, door, knobs, wheels in toys. For strength actually certain parts of the
component which functions are fully utilized when the properties of both metal and non

metals are combined.
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Developing Good Adhesion
Metal Deposition on Polymers

For metallizing nonconductors, their surfaces need
to be mechanically roughened, or etched, or made
hydrophilic. Nonconductors need pre-conditioning
of their surfaces.

Polymers: ABS, Polvimides, Polysulfones, etc.

Cr,04H,50, (0.5:1.0); Neutralize in NaHSOy

Fluorocarbons: Na metal in anhydrous NH, or THF

Need to be treated further in sensitizing, nucleating
(catalytic), accelerator solutions prior to plating in
electroless solution.




And usually nonmetallic materials are deposited by electroless deposition. So, this is
very useful technique for and also a kind of important technique to deposit a very thin

deposited layer by electrodeposition where the substrate is non conductive.
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Hydrogen Embrittlement

Hydrogen embrittlement is a generic term used to
describe a variety of fracture phenomena having a
common relationship to the presence of hydrogen in
the metal as a solute or in the atmosphere as a gas,

In general any process producing atomic Hat a
metal surface will induce considerable hydrogen
ahsorption in that metal (ED, ELD, Acid Pickling,
E-cleaning). A large fraction combines to form
hubbles of gaseous or molecular hydrogen which is
not soluble in metals.

So, one of the important process which is which plays very important role in
electrodeposition is that evolution of hydrogen actually. So, hydrogen evolution is a
competitive process. So, in the cathode there is hydrogen evolution as well. So,
whenever you talk about electrodeposition or electroless deposition, naturally atomic

hydrogen they are basically they may get diffused in.
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Effects of Hydrogen Embritllement

Corrosion reactions can generate Hy, and choosing
proper coating to prevent corrosion is important,

Permeation of H through various protective coatings
is considered to show the effectiveness of various
harrier layers on minimizing the H egress.

Problems as a result of H embrittlement/hydriding:

* Leakage from gas filled pressure vessels

* Breakage of airerat components

* Blisters or fisheyes in Cu, Al and Steel components

+ Reductions in mechanical propeties of materials

So, if you are interested to get read of the particular hydrogen, you can also go for

annealing operation so, that hydrogen is no more there.
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Types of Leveling

Leveling can be achieved in solutions either in the
absence or presence of leveling agents.

There are two types of leveling:

1. Geometric leveling in the absence of additives.

3. True or electrochemical leveling in the presen
of additives.

So, this is very important process.
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Principle of electro-deposition

Process parameters employed

Applications

So, in this particular process we discussed about electrodeposition decision as well as
electroless deposition, we have also discussed about the chemical conversion and electro
chemical conversion process. So, both the processes are all the processes are very
important particularly if you talk about conversion coating, they are mostly used for
changing the appearance of the surface for protection against corrosion and also as a base

for subsequent painting of operation.

On the other hand electrode electroless deposition may be used for only metalic
deposition on the surface of the substrate may be metal or nonmetal. The metal
deposition which occurs may be for corrosion resistance application may be for wear
resistance application and usually this deposited layer is having some kind of bonding
with the substrate at the interface there is only the also diffusion process. On the other
hand in the chemical conversion coating the converted the substrate itself is converted to

its compound.

So, the interface is very adherent in nature, on the other hand in electro and electroless
deposition process there is a very soft interface. So, whenever you talk about the
application of the electrodeposition you have to also think of the interface very nicely
because interfacial adherence must be at a very higher level and where you need to apply
very high strength or fatigue fluctuating load on the component you need not apply

electrode deposited substrate.
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So, you have to be very careful in doing the application of the product which you are

depositing by electrodeposition technique.

Thank you very much.



