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Lecture - 23
Coatings on Concrete Infrastructures
Welcome to this lecture as part of this course on maintenance and repair of concrete
structures. Today, we have a guest speaker Mr. S. Ravichandran he is going to talk about
coatings for concrete infrastructure and | know Mr. Ravichandran for past eight years and he is
an excellent speaker and in fact, he has actually delivered a couple of lectures in my graduate

course on the same course but on similar topic on paintings and coatings.

And from him | learned the difference between painting and coating. And | think he will
really cover that in todays lecture. And he is a senior manager for technical and development in
Protect On he will tell probably what is Protect On. It is not a spelling mistake there and in

Berger paints India limited. Welcome sir for this course. | hope we will have a nice lecture today.

Greetings to all those people who have come to attend this lecture we will be talking on a
topic under the name coatings for concrete specifically for the industrial infrastructure. We will
try to concentrate in this particular lecture.

(Refer Slide Time: 01:36)



Qutline

NPTEL

Industrial application of coatings for concrete substrates
Concrete corrosion- a quick recap

Environment classification- ISO 12944

Protective coatings fundamentals- basics of paints
Service conditions of concrete- expectations from coatings
Select coatings used in protection of concrete

Surface preparation of concrete

Application & inspection of coatings

Coating math's- estimation of quantities

The outline of this course has been explained here on this slide. The industrial application
of coatings or concrete substrates there are lot of lectures in detail on concrete corrosion but
might be two slides. Just to have a quick recap we will be having the understanding on the
environment classification as per the international standard ISO 12944 we will touch on the

fundamentals of protective coatings.

It will give you a bird’s eye view of various types of coatings that are being used. We try
to understand the requirements of the coatings when it comes to the various service conditions of
concrete. We will just go on in the same pathway and choose those important coatings which are
widely used and most important in protecting concrete surfaces. We will also have a quick
understanding on the challenges of application and the requirement of inspection of coatings,
coating math if it is possible, we will also try to cover that particular aspect.
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NPTEL

+ This lecture shall cover with a focused approach on the
concrete surfaces used in industrial infrastructure.

+ Concrete and masonry walls in residential and high rise
buildings are not in the scope of this paper.

Let us also understand there is going to be more focus on the concrete surfaces in
industrial infrastructure which means that this will not cover the paints which are used in houses
or any of those high scrapers for building purposes they are totally different and it can be
covered on a different occasion.

(Refer Slide Time: 03:39)

Industrial concrete substrates

—_— . NPTEL
+ Concrete is widely used in the construction of industrial
plants and there is no industry which can opt for other

construction materials avoiding use of concrete.

+ Concrete needs protection when the aggressive
environment cannot be handled by its constituents and more
finer protection mechanisms like coatings will be the
material of choice.

Concrete is widely used in construction. Any industry you cannot do away without the
use of concrete or steel and corrosion is not going to spare any of this material and the aggressive
environments are going to have a continuous impact on these substrates and hence we need to
understand how this works and what can be done to better prevent it.

(Refer Slide Time: 04:10)



Corrosion of Concrete

X!

When | have a quick look on concrete there is lot of case studies to explain the different

mechanisms of concrete corrosion. The one which is there on the top they were trying to remove
the weathering coarse. While they were removing it the entire ceiling fell down. This happened
in Chennai a few years before and this is one of those important case studies which opens our
eyes that corrosion, typically chloride induced pitting corrosion in this particular case was the
root cause for the entire collapse of the ceiling. Like that we can keep explaining corrosion.
(Refer Slide Time: 04:55)

The mind set to corrosion
' l // / 7 NPTEL
+ Corrosion loss | {/]
never gets noticed l-< V—i
unless it stops the
production 4

But let us get into the topic on how to handle it. Many a times the mindset of corrosion is

what is more challenging than the corrosion itself. They are never noticed unless or otherwise it



stops the production and this needs to be changed and I hope this lecture series will help us in
creating better awareness in the industrial engineers.
(Refer Slide Time: 05:20)
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Structural Deficiency | | Structural Damages
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When you talk about concrete distress it is either a deficiency or damage. When we say
deficiency it is like a vitamin deficiency, calcium deficiency like that means something has gone
wrong in the system during the time of formation. Damages is typically like you don’t go for
walking so you are losing all your flexibility it is like that. Damages are because of abuse to the
system. So when a concrete structure has not been designed for taking a warehouse it is for
drilling purposes and you start loading material there, stacking material there it’s going to
collapse so it is something like an abuse.

(Refer Slide Time: 06:04)



Concrete Distress
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Structural Deficiency  Structural Damages

+ Faulty design + Abuse of structure
+ Environmental factors
+ Poor construction + Chemical effects

practice * Internal stress

Let us get into a quick understanding on the differences between a deficiency and the

damage. Deficiency as you can easily understand it is by the faulty design, inferior materials and

the poor construction practices which are always a challenge for any civil engineer. When you

talk about damages it is primarily on the abuse, no doubt a very serious effect due to the

environment. The environment also carries a lot of chemical effects probably most of when it is

in an industry and the internal stress which are also, we will explain in a different lecture.
(Refer Slide Time: 06:43)
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We will just get into the details of understanding it. The various reactions which are

going on in the concrete and disturbing the integrity is what will be the topic when we try to



understand on chloride intrusion or carbonation effect or the effect of acid, alkali and sulfates on
the concrete

(Refer Slide Time: 07:04)

Concrete Distress

NPTEL
+ Atypical example of environmental cause is the
sea water attack on concrete.

- Sulphates present in sea water attacks

~ Characterized by erosion of concrete by abrasion
and cavitation

+ Effects of chemical decomposition:

~ erosion, abrasion, freezing & thawing are more
pronounced.

So we just jump into the understanding on how this effect is present and can | have a
single study example to know the various effects of concrete?
(Refer Slide Time: 07:19)
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Sea water attack on
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Yes there is a chemical decomposition happening when it is coming under different
variety of attack. A very clear example is from a pier in the sea which is holding. This is a

photograph taken from Pamban bridge (Anna Indra Gandhi Bridge) situated at Rameswaram. So



this particular structure has an effect of atmospheric zone, high-tide zone, the tidal zone, the low
tide zone as well as the submerged zone.
(Refer Slide Time: 07:49)

Types of attack on Concrete at sea 9

NPTE

Atmospheric Zone Cracking - corrosion of steel

High Tide Zone Cracking - Freezing, thawing

Tidal Zone Abrasion - wave, floating ice, sand

Low Tide Zone Chemical decomposition of hydrated cement.
Submerged Zone CO, attack, Mg ion attack, Sulphate attack

And each of those areas the concrete has been subjected to different types of attacks.

Right from the atmospheric zone which is more prone for getting the corrosion of steel
happening underneath. You have the high tide zone where you have the freezing and thawing
cycles which is more disturbing the concrete. The tidal zone where you have more of abrasion
and erosion type of corrosion. The low tide zone where you have the chemical decomposition of
hydrated cement. The submerged zone very much affected by the effect of carbon dioxide,
magnesium ion and sulphate attacks.

(Refer Slide Time: 08:23)
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So we have to look at the various options of coating concrete. And this has been a proven
system at least to my knowledge it is more than 30 years if | am right. This is a coating which
has been done there as per the technology of CCRI of Karaikudi which is a four coated epoxy
polyurethane system. The concrete is intact and that is where we get confidence that concrete can
be protected with the help of good coatings.

(Refer Slide Time: 08:51)

Challenges to infrastructure by the 2\

element’s
NPTEL
Earth | Water Fire Air Space
Underground Immersion in Heat resistance Moisture Voids, pores,
Salts liquids Fire Protection Radiation Intracellular space
Soll Rain and Wind abrasion crevices

contaminants wet climate

/

Now when you have an overall picture about the challenges to the infrastructure all these
elements have an effect of creating a situation of instability in the concrete. The concrete are
being used in variety of areas. If there is going to be an underground pipeline or an underground
structure you have the soil contaminants and the salts affecting it. If it is passing through water,



undersea the immersion in liquids and the effect of even rain and wet climate can disturb the

concrete.

We all know that the water-cement ratio or the moisture effect on concrete is going to be
detrimental to the very integrity of the structure. Fire, we always think that brick lining is going
to protect us very greatly, but we are not talking on bricks. We are talking on concrete, concrete
if it is going to exceed a particular temperature because of the effect of the fire, then the concrete
is also going to buckle up. We are not going to detail too much into this but let us also appreciate

that fire is going to be a very severe detrimental factor.

Air, we appreciate with the moisture and the wind abrasion and no doubt the effects of
gases which is just coming through the pathway of that including radiation. We are talking about
space we understand the problems created by voids, pores and intracellular spaces or crevices.
(Refer Slide Time: 10:24)

Review of the environment

NPT
Understanding the environment is the first step to combat
corrosion

Itis in this medium we have the attacking forces of nature
(moisture, oxygen, ions) that take back the steel / concrete
to its home state (ore)

With the advent of protective coatings we try to postpone the
rate at which this return takes place

So let us understand the environment in a better way. We try to understand that whenever
there is an opportunity of material coming in contact with the environment, they are being taken
back to the home state be it steel or be it any material we all turn back to the place where we
come from. So that is how it starts.

(Refer Slide Time: 10:47)



ISO 12944 Classification of Environments

CORROSION : . - .
Typical Exterior Environments | Typical Interior Environments NPTEL
CLASSES |
Heated buildings with clean atmospheres eg
c1
Offices, schools, shops, holels
2 Atmospheres with low level of Unheated buildings where condensation may
poliution. Mostly rural areas. occur at depots, warehouses, sports halls
2 strial
Urban and industra Production rooms with high humidity and some
atmospheres, moderate sulfur
(ox] air pollution (food processing plants, laundries,
dioxide pollution. Coastal areas R h
breweries, diaries)
with low salinity.
c4 Industrial areas and coaslal areas | Chemical plants, swimming pools, coastal
with moderate salinity. shipyards
Industrial areas with high humidity
Buildings or areas with almost permanent
C5 and aggressive almosphere and
. condensation and high pollution
Coastal
Offshore areas with high salinit
> W'A g ~ Industrial areas with extreme humidity and
CX extreme humidity and very ressive atmospheres
aggressive Industrial atmosphere e

And to put it under the international understanding we follow a typical standard called
ISO 12944 this is classification of environments under categories of C1 to CX where you can
find that C1 is primarily a dry zone or a heated building. When you talk about C2 we have an
opportunity for condensation to take place. You can call it a wet zone as well. And when you talk
about C3 we are talking about urban and industrial atmospheres where you have probably even
production plants, laundries all these areas and any area which has got low salinity.

When you talk about C4 you enter into a saline zone which is a coastal zone. It can also
have a chemical plant close by and where it is C5 it is very much close to a high humid and an
aggressive atmosphere, chemical industry or a power plant which is next to the sea. When you
are talking about CX you are trying to understand that it is a typical offshore area, the high seas
area. So the corrosion rate is going to be different for all these different types.

(Refer Slide Time: 12:04)



Immersion Conditions- ISO 12944

Im 1 - Fresh water

Im 2 - Sea or brackish water

Previous

Im 3 - Soil

€D Im 4 - Sea or brackish water

o IM2is immersed in salt water or brackish water but without any
cathodic protection

o IM4 is immersed in salt or brackish water with cathodic protection -
either with sacrificial anodes or with ICCP

| “

When you talk about immersion conditions, we try to understand immersion under four

different categories as per ISO 12944. One is for freshwater, one is for sea or brackish water, 3 is
for soil and the recent addition is 4, sea or brackish water which has an opportunity where it is
going along with cathodic protection. So, many are not familiar with this brackish water. It is the
area where the sea and the river meet so it is a reduced salinity in the particular area.

(Refer Slide Time: 12:40)
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Mass loss per unit surfacethickness loss
(after first yoar of exposure)
Y
category Low-carbon steel Zinc
Mass loss Thickness Mass loss Thickness
loss loss
o/m2 um o/m2 pum
c1 R - 10 - 1.3 0,7 - 0,1
Si > 1010 200 >13w25 >07108 >0,1107
c3 > 200 to 400 > 2510 50 >85610 185 .7 X
i o >07w21
Cca > 400 to 650 > 50 to 80 > 1510 30 >211042
high
cs > 650t0 1 500 > 80 to 200 > 30 1o 60 >421004
very high

cX >1500 to 5500 > 200to 700| >60t0180 | >8.4t025
extreme

/

The effect of corrosion, if | have to understand what happens in all the zones C1 to CX
the steel has been taken as a benchmark to understand this. It is being compared with the best of
protection which the steel can get that is a zinc coating or the steel. When you expose this
particular steel for a year period without coating and with coating the amount of corrosion which



is affecting this particular steel has been identified and tabulated based on the mass loss in grams

per square meter or the thickness loss in microns which has been lost.

So when you see C1 very low or negligible amount of corrosion takes place in one year
of exposure whereas the same when you go towards C5 or CX you are losing 200 microns. In
other words in 5 years it is not actually extrapolated that way but for our understanding in 5 years
you lose 1 mm thickness of steel. So this is very high and therefore steel is getting protected with

zinc and this zinc is actually losing much lesser.

You have only 4 microns to 8 microns loss instead of 200 micron loss of the parent steel
itself. So, zinc coating or galvanized zinc which we are very familiar for many structures and
pipelines. That has been a preferred choice because of the sacrificial protection which zinc can
offer. That is with respect to the steel. So this is the same area where concrete is also getting
exposed and we do not have an equivalent table to understand the extent of attack under different
atmospheres. Probably this can be one of the studies by our academics.

(Refer Slide Time: 14:34)

Challenges by service condition

NPTEL
mechanical | physical chemical abuse installation
abrasion | direct contact| chemical over load time factor
scratch | substrate reactions Changein | expertise
impact nature process environment | limitation

changes
Over use-
poor
maintenance
cycle

When you are talking about the service conditions which a concrete or any substrate is
being subjected to. It can be abrasion resistance which might be required from a coating, a

scratch resistance required from a coating. It can have an impact all these are mechanical. Same



way we have a physical contact with the substrate, either it can be a liquid contact, it can be a

gaseous contact, and it can be a solid contact with the metal.

And when you talk about chemical the different opportunities where under exposure you
have a dry air or oxygen coming in contact or you have moisture coming in contact or you have
ions coming in contact with the material for corrosion to take place. Apart from that, we always
find abused or even overuse. | would wish to highlight that most of the industries are not giving
sufficient attention to this.

Therefore, the maintenance cycle is also skipped which is again increasing the scope for
more and more corrosion to take place. When it comes to new projects, we have newer problems
like time factors then you have the limitation in the expertise of the people who are actually
installing the concrete or installing the coatings for the same.

(Refer Slide Time: 15:49)
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1. Corrosion Resistance + Underground services (+CP)
2. Heat Resistance + Under water services (port)
3. Chemical Resistance + Immersion conditions (lining)
4. Abrasion Resistance + Fire protection (hydro carbon)
5. Weather Resistance * Insulation (high voltage)

+ Anti static (Electronics)
+ Retroreflective (road marking)

So all these talents have to be addressed and let us have a quick understanding on the
difference in this conditions typically which have been highlighted more be it steel or concrete.
We try to appreciate the corrosion resistance of the coating, the heat resistance of a coating, the
chemical resistance, the abrasion resistance, the weather resistance at least the fires salient

features which we need to look upon.



When you are talking about different types of services, we have underground services
which can also have cathodic protection systems along with the coatings and you have
underwater services in port which are being subjected to a different environment including the
animal growth or a plant growth of the Marine organisms. Immersion condition is again an area

where you coat a water reservoir here or a water tank.

The inside of the water tank we call them as linings. We have fire protection for most of
those civil structures particularly the ones which are supporting the piers, the bullets, the main
structures which are there in oil and gas installations from the effect of hydrocarbon fire. We will
come to that particular slide to have a better understanding. We have coatings which can insulate

from high voltages.

We have coatings which can give anti-static protection in all electronics industry. There
is going to be a very high use and then let us not forget whenever we are going in the roads, we
have road marking which is guiding us on a safe pathway.

(Refer Slide Time: 17:28)

Components of Paint

= Additives (0 - 5%)
~ _~ Solvent (30 - 80%)
< ~ Binder, resin, or polymer
= (20-60 %)

_~ Pigment (2 - 40%)

!
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So coatings have a variety of users with respect to protecting concrete. Now for all those

people who are quite interested in knowing what are there in paint. Paint is more than color like

what | wear is a blue it is not a blue it has got something more than that which is dependent on



the environment. | take protection for granted right? And therefore people only talk about color

and the glass which is more of a decorative appeal.

When we are trying to talk about protection, we need to understand a few more words
which will help us give better clarity. When you understand these 4 ingredients which are the
primary constituents in the paint. You have the binder which is also called as a resin or someone
calls it as a polymer that is the most important ingredient. Along with the binder is strength
forming that is the pigment and you have a solvent which is used during the manufacturing
during the application time which evaporates. Additives are there which gives you the special
properties. This is a quick understanding on what paint is.

(Refer Slide Time: 18:42)
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_l Pigments Solvents J
+ Primary characteristic | + Imparts strengthto ||+ Dissolve resins,
of the paint the film as a pigments efc.,
+ Provides tough, backbone + Reduces the viscosity
uniform, adherent + Anticorrosive, Inert of the paint.
and impervious film Pigments, Colouring ||+ Increases penetrating
+Holds the pigments pigments power of the vehicle,
+ Durability and + Increases the |+ Evaporates readily and
performance of paints | corrosion resistance ‘ helps drying of film
property
*+ Helpsin
impermeability to film
+  Builds opacity

(inalt

And the resins what they do? The pigments what they do? And the solvents what they do

are being explained in this particular slide. Now if | have to go beyond the slide to help you
understand what it is if | have to make a body stand, | need the muscle, | need the bone. It is as
simple as that. Now the bone here is being correlated with the pigment and the muscle here is
being correlated with the resin. If you have either one of them, it does not work. That is why we
have a combination of both the resins and then pigment which is imparting you the film

properties.



The resins have a classification we will just touch upon that. When you talk about
pigments, we have corrosion resistant pigments. We have got what do you call barrier pigments
and we have got coloring pigments and on a very high broader classification. Solvents which are
there in the film again there are three different types of solvents which are getting processed

during the manufacturing and obligation.

One is called a primary diluent the other is secondary diluent and tertiary diluent is what
we use in the field which is also called as thinner. The primary diluents function is to dissolve
the resin and the secondary diluent is the one which will help in maintaining the stability of the
paint to give it a particular viscosity and packing it and dispatching it. So these two are going to

be there in the paint and many a time unless or otherwise specified by the manufacturer.

There is no need for you to add any additional solvent and that is not at all mandatory. It
is only to improve the kinetics of application that’s it. Much said with respect to solvents they are
evaporating, be it water, be it any hydrocarbon solvent they have to evaporate out of the film.
Then only the film is formed properly. If the solvent has not evaporated properly it leads to

problems. It leads to drying problems, it leads to adhesion problems.

It leads to lifting; it can have n number of issues when you are talking about solvents
entrapped. So less the solvent the better and the second point, less the solvent it is always more
better because we are going more towards a greener environment. So when you are talking about
paints, we will have to understand a word called volume solids a word called volatile organic

content that would stays back on your substrate.

You can understand it as volume solid which gets out of the main film is all solvents
without getting out into the atmosphere and that needs to be controlled. So having a check on the
VOC will help you in getting towards a greener environment.

(Refer Slide Time: 21:42)
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Primers Intermediates
Sacrificial Improve impermeability

- Zinc Based-acls as - 1, goveiop film build
an anode

Barrier 0
~ Blocks entry of Finish
Moisture UV resistance
Inhibitive Chemical resistance
- Rust inhibitive Colour & Gloss retention

Primers, intermediates, finishers these are the three different types of classification which
we commonly come across. Be it a house painting or an industry painting. Each of them has a
different role to do. The primers primary function this is stay foot on the substrate and hold onto
the substrate getting better adhesion properties. It is also going to give you corrosion resistance
properties as well depending upon the requirement. It can also be a sealer to keep closing all your
voids and pores.

It can also be filler which can be filling up the blue holes or a requirement on dense in the
case of steel. So there are various products which are combined and under the terminology of
primer which can either be as a first coat and then subsequently as additions to that. And
subsequently the primer is the one which is going to be next to the substrate. We come to the

word intermediate or in the case of floor coatings we call it an underlay.

So these are products which have more of film build which is primarily to stop the
penetration of oxygen or moisture or any of these gases or other way around. It gives you more
stability to the entire film which means giving strength to the film in the case of floor coatings.
When you are talking about finished paints it is primarily to take care of the external service
conditions be it ultraviolet radiation in some situations and be it in the property of showing up
the color, showing up the class giving you the required color retention and glass retention are

part of the resin characteristics but showing the color is part of the finished paints property.



And in some situations, we may have extreme conditions of chemical attack, spillage of
chemicals or in contact with chemicals or with respect to temperatures in certain cases so all
these are different types of resins and different types of pigments are getting added to give you
the desired properties.

(Refer Slide Time: 23:53)

Types of Paints and Coatings

NPTEL

+ Quick review in the following slides will give us a birds-eye
view on the various generic types of paints.

+ Some are used exclusively on steel surfaces and select are
for specific use on concrete substrates.

A Quick review of the following slides will give us a bird’s eye view and we are just
getting into a few of those very simple and very important classifications which will be used by a
civil engineer as well to understand some of the paints which are being used by them in metal
structures.

(Refer Slide Time: 24:17)



Alkyd Coatings a)
NPTEL
+ Primers Versions
* Intermediates + Monocoat/ DTM
* Finish Paints + Quick drying

+ Oven cured

Commonly used in dry atmospheres for both steel and wooden substrates
Not recommended for concrete or plastered surfaces

Has good initial colour and gloss but fades off faster under exposure to UV
Requires minimal surface preparation and is versatile to application
Normally comes with low film builds of 20-30 microns

Now, when you talk about Alkyd let us not forget to read the red line there. It is typically
not a product for concrete, but this is a versatile coating. This is a paint which you have seen in
your houses also for your grill gates for your doors and windows. This is same paint which has
been widely used to a large extent in your railway coach exteriors as well. Of late we have been
modifying that from simple alkyds 5 coat systems to 3 coat epoxy polyurethane systems in the

case of railways as well.

But this has been a work horse for decades to decades for more than 80- 90 years. |
would say that for close to 100 years probably alkyds have been ruling the market in a very big
way. The latest versions are reducing the number of coats. So we call it as a Monocoat or a direct
to metal coat and you have quick drying versions which is helping us because normally Alkyd
take more than 4 to 5 hours for even a touch dry.

So the quick dry versions are now in play. And these Alkyds are also taken for Oven
curing is also called as baking or stoving. So that the production time can be reduced and
imparting a very good film. These Alkyds are on a typical thickness of 20 to 30 micron just to
have a quick understanding of what is this 20 to 30 micron. The plastic bags which you carry or

nowadays we are not supposed to carry in a vegetable market.



That film is 20 microns or your hair for that matter is around 20 to 25 microns. That is
how thin a coating is and this can be measured with the help of thickness gauges called dry film
thickness gauge.

(Refer Slide Time: 25:59)

Chlorinated Rubber Coatings

NPTEL
* Primers Versions
* Intermediates + Quick drying in Road
+ Finish Paints Marking paints

Commonly used in wet atmospheres for both steel and concrete substrates
Can be applied by the same system during maintenance coating requirements
Requires minimal surface preparation and is difficult to apply by brush
Normally comes with film builds of 20-50 microns

We are talking about the next resin variety called chlorinated rubber coatings. These
coatings also have primers, intermediates and finishes and these are better suitable in the case of
C2 like environment where you have a wet condition, wet atmosphere coming in play. The latest
version of one of this product has been used as a quick drying version in lane marking. So this

can be applied on concrete as well.

| would say that the product which has occupied the major area when it comes to concrete
that is epoxy this Epoxy coating are available as primers, intermediate and finish. The number of
versions depends upon the reactions which are there and this is again let me say when | say
reaction, | have to help you understand with one more point. The earlier two products they are all

single pack products.

You just open the container and start using them put your brush start applying them. That
is how simple it is but when it comes to Epoxies it is a two pack product. You have a base, you

have a hardener or someone calls it as part A and someone calls it as part B, someone calls part



B also as an accelerator. So, every paint has got a mixing ratio in the first place. So this mixing

ratio has to be maintained with all due respects.

If not, the reaction is not going to complete. As per our design requirements these
reactions are called the polymerization. Epoxies are a wonder product. Let me tell you it is very
good for different situations and different epoxy combinations are available to handle different
types of conditions. Now let me tell what are all the different types of conditions, epoxies can be

used underwater?

Epoxies again it is not a single word epoxy and single product. Please have a check on
that particular usage of word. When we say a particular service condition, we have to refer to the
technical data sheet of the paint manufacturer. Look at the performance data sheets and then
come to a conclusion whether it is workable or not or better call the technical service people to

have clarity on the coating system which can be followed.

So now let us quickly go through. It can be used for underground. It can be used above
ground, it can be used in the mid sea, it can be used in offshore areas, it can be used in refineries,
it can be used in chemical plants, and it can be used in nuclear plants wherever you want. This
particular product will have an opportunity to show its presence. Here again we have a product
which has been reduced the number of coats.

Instead of primer, intermediate and finish we have got direct to metal which is called a
Monocoat system which will exhibit both the primer and finished properties there are properties
we just call as surface tolerant. Now the word is something, very simple in English but very
difficult in technical. The reason being we need to understand one more point of epoxies.
Wherever an epoxy coating is getting applied on a metal, the metal should be free of

contaminants and the contaminants start from the mill.

That is the mill scale, the rust, the paint, the salt, the dust, the debris you can have quite a
large number of all this oil, grease, water. Nothing should be there when we are applying an

epoxy painting and if this is getting compromised, the performance of this epoxy is going to be



compromised in a very large extent. That is why maintenance team was always finding it

difficult because they were not able to remove the old paint.

They were not able to remove effectively the rust, so they are finding it quite difficult to
use epoxies. And they also did not know because of compatibility reasons. They have not been in
a position to understand. Was it vinyl paint earlier? Was it chloro paint earlier? Now | have to go
for vinyl or chloro which is also difficult. They have no clue on what coating was there on a
substrate.

In these areas this epoxy was developed as a surface tolerant product. It was a massive
coating, which had more than 90% solids and it used to give you 100 micron thickness in a
single coat. And that is why it is maintenance engineers dream coating. It can be applied on steel;
it can be applied on concrete as well. Further developments on surface tolerant coatings were

addition of glass flake as a pigment.

So you have glass flake coatings, which are again epoxies built at a thickness of 200 to
500 microns in a single coat applied by brush or by spray. It can take very harsh environments.
Now the challenge was | have different material in metal. Say for example, | have a steel, mild
steel, 1 have stainless steel, 1 have cast iron, I might have aluminum, I might have various
materials in my construction and every time | have to look for which primer is going to be
difficult.

So we have developed an epoxy, which is called as a universal primer. So this universal
primer, can we apply it on different substrates? We have different epoxies for immersion
conditions. That is in direct contact with the liquid or gas. In another situation you have got
coatings which are required under the insulation they are no doubt floor coatings as well, so
coatings in epoxies can be applied anywhere from 20 microns to more than a millimeter. So, the
range in which the epoxy paints are available are quite huge and it is very interesting to get into
the details.

(Refer Slide Time: 32:00)



Zinc Coatings ':)
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* Primers Versions
+ Organic
+ Inorganic

Zinc Coatings are specific to mild steel surfaces and protect by the method of
sacrificial action when subjected to severe saline environmental attack

Commonly used in coastal atmospheres and top coated with epoxy and PU
coatings

Difficulty in application and requires good skill in workmanship to get paint
application to desired specification of 75 microns in a single coat.

Care should be taken for consideration of mixing ratio and pot life during
application (inorganic zinc: Part-A: Ethyl Silicate, Part-B: Zinc Dust)

Goodljor temperature resistance i I

Whenever we talk about coating, | cannot miss this particular product called zinc

coatings. We are primarily looking at the sacrificial protection of zinc. Therefore, you are getting
it applied on steel substrates wherever you have an opportunity that the steel has to perform for a
longer period or in a marine zone or any primer which has to work at 400 degree temperatures as

well.

This is the only primer that can take both corrosion resistance and heat resistance when
applied properly at 75 micron thickness in a single coat. There are two versions of it. One is
called organic other is called inorganic. |1 am referring to the inorganic portion, which is also
called as cold galvanizing. The organic version is putting zinc dust in an epoxy resin and that is
called epoxy zinc rich primer that can be brush applied whereas inorganic zinc cannot be brush
applied it has to be spray applied.

(Refer Slide Time: 33:00)



Polyurethane Coatings

NP1

+ Finish Paints Versions
* Monocoat/ DTM
+ Floor Coat toppings

+ Water proofing
membrane

+ Underground coatings

Commonly used in UV atmospheres over other epoxy coatings

Depending on the product the film thickness can be from 20 microns to 1 mm
Sensitive to atmospheric moisture during application

Care should be taken for consideration of mixing ratio and pot life during application

Now, polyurethane we have heard this name very frequently, it is used on wood, it is
used on concrete, it is used on mild steel, the primary function of this polyurethane is based on
the resin in which it has been cooked, it is an aliphatic resin or an aromatic resin. If it is aliphatic,
then it is more to do with UV radiation resistance. If it is aromatic, it can offer you a chemical

resistance.

Here again, you have the various toppings and floor coatings as well as you can use it on
concrete as thick waterproofing membranes, you can use it in protecting the underground
structures, underground bullets and on pipelines as well. So on any of the epoxy primers
polyurethanes are used as topcoat. It gives you better color and glass retentions.

Further developments on polyurethanes are poly siloxanes and the latest generations are
in the same line for giving you a better color better glass is fluoro polymers which can give you
protection, for more than 40 to 50 years life that is very interesting. Polyurethanes normally give
you around 3 to 5 years at that thickness.

(Refer Slide Time: 34:22)



Polyurea Coatings
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+ High flexibility and very ~ Versions
high chemical resistant  « Pipeline coatings
* Snap-cure coatings + Podium water proofing
+ Abrasion resistant
coatings
+ Containment linings

Commonly used in very high chemically aggressive zones

Depending on the product the film thickness can be from 1mm 1 inch

Less Sensitive to atmospheric moisture during application

Care should be taken for consideration of mixing ratio and pot life during application

/

When polyurethane was born, polyurea was also born at the same time in the lab, but
polyurethane became famous and polyurea was not so famous. The reason being the difficulty in
getting polyurea application. Polyurethanes are typically a product which is a reaction of an
isocyanate and the polyol whereas here in poly urea, it is a reaction of an amine with a polyol
and therefore these products are very tough. It has got fantastic flexibility, good chemical
resistance. It is also called as snap cure coatings, | have a few slides to show you where it can be
used.

(Refer Slide Time: 34:59)

Clean Room Coatings 9
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For clean room coatings- Atmospheric Corrosive Categories as per
1SO 12944- C3- medium & moderate

+ Resistance to fungus as per ISO 846 Procedure A
+ Resistance to bacteria as per ISO 846 procedure C
+ Air cleanliness Class 1 as per ISO 14644-1

Airflow velocity 0.45 m/s, temp 22°C; humidity 45%

Coating System
Surface

Service Area| Substrate Preparation | Solvent free and odour less

|

Concrete sPC I ct Water Based Epoxy Primer |
Cleanrooms |  walls, ; [
P13 2 ct Water Based PU Finish
masonry | %

Exposure External for industrial exposure/ internal for clean room areas |

, N

And that is a very interesting product. Now, talking about clean room coatings. | am just

now getting into some of those service conditions based expressions of coatings. This is also



having a system wherein you have a water based epoxy primer and top coated with a
polyurethane. This particular product is used in hospitals, is used in pharmaceuticals or even
concrete as well as on plastered surfaces.

(Refer Slide Time: 35:29)

Coatings for Nuclear Power Plants

NPTE
+ Containment area/ potential
contamination area
- Epoxy polyamide- cleared by

NPCIL after performing type

tests for radiation effects
+ Ability to withstand high radiation
+ High temperature resistance
+ Exposure to high pressure steam
+ To work at Design Basis Accident

Decontaminability - Postulated LOSS OF COOLANT
Ability of the coating to get rid of ACCIDENT

radionucides when cleaned with solvent,
detergents, acids, steam, hot water.

+ Dynamic crack bridging capability
+ Very low moisture vapour permeability
Epoxy Paints are applied on F3- Finish
Concrete to a thickness of 500 microns
by multiple coats
/

Epoxies are one of the major items used in nuclear power plants. Without epoxies, you
will not be in a position to complete the construction of a nuclear power plant. That much is what
epoxies can do for the country. What is the place where epoxies are used? Be it steel or concrete?
| said epoxies have a role to play right from the cooling water structure, which gets into the inner

lining of that to the containment area.

So, epoxies are playing a major role, the walls, the ceilings, the floors, the structures
everywhere. Epoxies are used widely in the nuclear plant. The epoxy which is used here is not
the normal epoxy. It is subjected to a variety of tests by the government NPCIL and then they
accept a particular coating, whether it is able to take care of the radiation resistance, the ability to
withstand the radiation. That is the most important requirement. Secondly, can it bridge cracks?

That is also a very important requirement.

So nuclear plants have a typical painting system and we are not detailing too much into
that. We only require a good concrete, moisture free F3 finish and then you start applying epoxy
in multiple coats.

(Refer Slide Time: 37:11)
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High Draft Cooling Tower in Power Plants {

NPTE]

The second important area is in thermal power plants where you have a high draft cooling
tower. Water continuously keeps falling inside at a high temperature of 35 or 40 degrees and it
has to be cooled down before consumption.

(Refer Slide Time: 37:32)
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Epoxy for wet surfaces- maintenance

Application of Epoxy on Wet Surfaces

Cooling Water Zone

+ Continuous hot water
immersion and
concrete corrosion

+ Products that can be
applied on wet
surface

+ Used for steel and
concrete surfaces

+ To handle cyclic
water temperatures
up to 60°C @ 320p
gives a SST of
20%)h's

This water is continuously in contact with the concrete structure. So water and
temperature are not going to go well with concrete and you might have lot of issues with respect
to the penetration of water, utilization of the concrete and the corrosion happening there. So we
require a coating to apply when the concrete is dry. That is fine many coatings are there. But
epoxies are not to be applied when there is a wet substrate, when there is a substrate that is

contaminated with oil or grease.



So when you are looking into these conditions, no coatings are workable in this type of
structures during maintenance painting, | cannot do 100% shut down of the plant to start
painting. Therefore, we have to improvise on the qualities of this particular products, drying
capabilities. Even when there is a presence of water, even when there is a high level of moisture,

even when there is a substrate contaminated with water. This product can we apply it dry spray.

This is the same product which can be used not only on concrete but the neighboring steel
structures as well because it has given around 300 microns fantastic salt spray test of 2000 hours.
(Refer Slide Time: 38:55)

Concrete Corrosion
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Concrete corrosion well known to us.
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Concrete Corrosion in ETP Plants e

+ Effluent Treatment plants:
+ Undigested sludge liberates very corrosive gases like
- Methane
- Carbon-di-oxide
- Hydrogen sulphide
When biogenic sulfide-corrosion occurs in the headspace of
sludge tanks, sulfuric acid attack of the highly alkaline
Portland cement in the concrete is accompanied by sulfate
attack of the cement paste below the reaction zone in the
concrete. The acid-base reaction causes dissolution of the
cement paste and the formation of calcium sulfate or gypsum

WG ASE +  calohm hraside " calohum elfut - water

hydroxide
lm“m (or Gypsum)

We try to understand the corrosion in effluent treatment plants.
(Refer Slide Time: 39:04)

Concrete Corrosion

Calcium sulphate further reacts with the tri-calcium aluminate in the
Portland cement to form calcium-sulpho-aluminate compounds, much
larger compounds than the original calcium hydroxide and calcium silicate
hydrates.

This reaction promotes expansive deterioration of the concrete manifested
by micro-cracking and disintegration of the paste and aggregate matrix.

Removing contaminated concrete before installing
concrete repair materials or linings is crucial to
prevent ongoing concrete degradation beneath lining
systems

When removal is not adequately performed,
premature lining delamination failures can occur

3CaS0,.2H,0 + 3Ca0.ALLO5 + 26H,0 -> 3Ca0.A1;05.3Ca50,.32H,0
calcium sultate drhydrate + trhcalchum aluminate __g.. Calcium aluminate rksullate hydrate

% w

Where the conditions are more severe and aggressive?
(Refer Slide Time: 39:08)
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Effluent treatment Plant Coatings

+ Special Epoxy Coatings

* Recommended for Mild Steel
and concrete surfaces

+ 500 microns DFT in a single
coat (2 coats system)

+  Application by airless spray
after abrasive blasting of the
concrete structures

+ Two pack high build high solids
epoxy for very aggressive
immersion conditions

+ Volume solids: 85%
+ DFT: 500 p per coat
+ NOFT: 1000 y

+  Pot Life: 45 minutes

Coatings that are used in effluent treatment plants. These are special epoxies these are
again products which can be applied on mild steel as well as on concrete surfaces. The thickness
of each coat is 500 microns and you can apply minimum of two coats under these situations.
These products have a reduced pot life, means after mixing the two parts, part A and part B, the
paint has to be applied within a specific time and that is called the pot life

If paints are applied within that it will have an opportunity to spread evenly. It will be in
a position to cure well and give you the desired performance exceeding the pot life whatever
material, we have mixed moves to rubbish it cannot be used.
(Refer Slide Time: 40:01)
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Coating System -Bridges over sea
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Integrated 4 coat
epoxy-polyurethane ANNAI INDIRA GANDHI

system ROAD BRIDGE

4- coat Epoxy PU
system performing Y 4
in most aggressive
conditions at
PAMBAN, ,. '
Rameswaram l | '
i
il
—

A standing testimony
of concrete structure
protection for the last &
three decades since
1988

/

This is the title slide I can call, the best of the coatings. We learned coatings from this
particular area in a better way.

(Refer Slide Time: 40:13)

Coating System =Flyovers- Anti- Carbonation
Coatings

0
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Walter Based Sealer &
Anticarbonation Coating
Thickness of 100 -150 p's

Anticarbonation Coatings are
available as solvent based and
water based

Anti-carbonation, we know the effects of carbonation on concrete, chloride intrusions on
concrete and we require protection of all those piers which have been constructed as flyovers and
road over bridges. Anti-carbonation coatings are available both as water based product as well as
solvent based product. The thicknesses of these coatings are around 150 microns as a total
system. These products can be applied by brush, by rollers or by spray and it is quite easy to
apply with a normal surface preparation and what is normal and abnormal. We will try to look at
it at the end of this lecture.
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! Cement motor lining of

steel pipes for drinking
water project

Irrigation and Drinking Water pipelines

Food Grade Epoxy

Coatings of steel pipes
for drinking water project

/

Pipelines are used in irrigation projects. We are also taking water from far away sources.

The pipes are having a cement mortar lining and the latest development is to give you a coating

inside cement or steel pipelines to carry the water. They are tested and they are approved as food

grade pipelines, food grade epoxy coatings.

(Refer Slide Time: 41:26)

High Build QD Bitumin Coatings

Certifications/ Conformance to

+ WRAS
+ BS 6920: Part 1:2014

+ DFT: 100y/ coat
+ Surface dry- 10 minutes

NPTEL

Salient Features

+ Single pack- QD Bituminous

Black

+ Airless Spray/ Robotic

application is feasible

+ Provides long term protection

of Zinc coated ductile pipes

+ Concrete pipes for irrigation

water lines

ol

Vitamin coatings are also used in coating on the external pipelines or this can also be

taken as internal pipeline coating. Coating thickness, per coat it is around 200 microns. You can

take 2 or more coats not a problem. And this particular product is also tested by the international

body WRAS who accepted as a food grade coating.
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Certification for Food Grade
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Waler Regulations Advisory Scheme-  Ctegry

UK based body Collction wlfe
PURPOSE: Protection of public health 0o CassNurber 12108
by preventing contamination of public  Contalsed Wain
water supplies

Meets to Requirements of BS6920-

1:2000 and/or 2014

Suitability of coatings for use in contact owe

with water intended for human Ctaion Tt
consumption P—
:mu Register

What is WRAS? It is a Water Regulation Advisory Scheme. It is a body of UK and from
the body of US you have US FDA. All these have regulations to certify that the coatings can be
in contact with food and water.

(Refer Slide Time: 42:10)

Certification for Food Grade

IS 16676: 2017 AWWA C210-15
A Bureau of Indhan Standards ‘\\

Assodiation

+ Solvent less Liquid Epoxy + AWWA C210-15 Liquid Epoxy Coatings
System for Application on and Linings for Steel Water Pipe
Interior and Exterior Surfaces « This standard describes the material and
of Steel Water Pipeline application of liquid-epoxy interior linings

and exterior coatings used in steel water
pipelines installed underground or
underwater, under normal construction
conditions.

| “

AWWA is American Water Works Association. They also have a standard to accept

liquid epoxy coatings and linings for steel water pipes. The latest of the Indian standards is IS
16676 which talks about the same product, solventless liquid epoxy for application on water
pipes.

(Refer Slide Time: 42:36)



Polyurea coatings-Special & Unique Features
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+ Elongation: more than 700%
+ Forms Monolithic and Seamless Lining
+ Bonds tenaciously to concrete & steel surfaces /“W
+ High Abrasion Resistance || RS
« High Tensile Strength (>20 MPA) (|| _1-2hours
+ High Impact Resistance
+ Elastomeric & High Elongation. (>400 %)
+ Tear Resistance (>108 KN/m)
+ Long Term Stability
+ Moisture and Temperature Insensitivity
+ NoV.0.C, (Environmental Friendly)

2 hoyeg

Polyurea is a wonder product as we said it was born along with the polyurethanes. What
is this wonder about? The wonder is, it is a snap cure. What does it mean? You have a part A and
part B of this material; you mix it 15 seconds. It is already set. So the technology of application

of polyurea is the one which took nearly 60 years for the product to come into the market.

This particular product has fantastic elongation property and in comparison to normal
polyurethane. It is a seamless lining, which means there are no joints, there is no stitching. It
offers excellent abrasion resistance. It offers very good impact resistance, elastomeric property
and higher elongation more than 400%. It has got excellent Tear resistance property and reduced

VOC which means it is environment friendly.

The entire coating gets cured in 24 hours one can start applying and start walking on top
of it. And that is the speed in which you can have a return to service. These are the unique
features of polyurea.

(Refer Slide Time: 43:59)
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Application areas for Polyurea
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‘Seamless Roof top water proofing

Polyurea combines advantages of rigid plastics, metals and ceramics with the
extensibility of rubber

concrete and steel pipe lining with Polyurea coatings “

Polyurea application can be in the area of canal management wherein the concrete

construction joints can be totally sealed. Polyureas can be applied in few inches as well. It can be
totally sealed so that water loss in the pathway of transportation through these canals and open
canals can be reduced to a negligible level. Pipelines are coated and it is also an excellent
waterproofing material. So for deck waterproofing, podium waterproofing, this is an ideal
choice.

(Refer Slide Time: 44:38)

Protection to Concrete Floor { *9
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N + Resistance to cracking
' + Impermeable to corrosive attack
+ Hygienic and clean floors

+ Thwarts off microbiological growth

+ Better abrasion resistance

+ Improved chemical resistance & oil resistance
+ Easy maintenance and improved service life

When you are talking about concrete floors, we have different problems in concrete. We
all know that steel can be welded one above the other but concrete cannot be welded. You cannot



have two concretes to become a homogeneous layer. So we have a lot of issues. When there is a

wear and tear, we typically call it as erosion and are due to this high abrasion on the left side.

When you are able to see this particular portion this is a parking lot, you are able to see
those rods getting exposed to lot of cracks which can happen in concrete and any touch-up area.
All these areas are not going to stay for a longer time. The wear and tear is much higher here.
This is a typical case of assets and chemicals. This is an industrial plant you have a lot of

concrete and this is another interesting area to observe.

This area is not an epoxy for floor coating and this portion you will find a very good
epoxy as a floor coating member. Not all epoxies are suitable as a floor coating. Now, what does
that floor coating do? It is able to resist the cracking. It is able to help you in better cleaning. It is
able to give you better abrasion resistance, chemical resistance and many other service
conditions we will try to touch upon with respect to floor coatings.

(Refer Slide Time: 46:16)

Product Range in Floor Coatings
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+ Epoxy Floor coatings
Self + Chemical Resistant
Coatings

|eve”|ng HVI Coatings

ESD Coatings

Coatings : Antiskid coatings

PU Coatings

* Floor toppings
ROl Ier + Floor markings
: + Anli-slip coatings
appl Ied * UV resistant coatings

L

A

Typically to have a broader understanding, they are self-leveling which means that you

apply the material and it is able to maintain a same dry film thickness across, provided we are
able to spread it to all the corners to the desired areas which it has to cover. Roller applied means
you are able to use a roller and apply the particular material at a defined thickness, so they are

also called as floor toppings.



You can use it as marking for lanes and some of those UV resistant coatings which are
applied over normal self-leveling coatings are roller applied to give you a specific service
condition property.

(Refer Slide Time: 46:56)

Floor Coating Solutions
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Floor coatings have crack resistance, chemical resistance. We have understood this in an
overall manner. We have a few examples shown here one is for a heavy duty flooring where
huge material of 18 tons plus are being taken here you have a deck coatings for car parking. Here
you have high voltage insulation, acid resistance this is for battery rooms. We know how much a
battery can spoil a floor. So this particular coating is an epoxy Novolac which is suitable for such
harsh environments of chemical attacks. We also got thermal shock resistant coatings.
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4 primary strengths of floor coating

w)

NPTEL

Compressive, Tensile, Flexural, and Bond Strength

Compressive Is the capacity of a material or structure to withstand loads
Strength tending to reduce size, as opposed to tensile strength, which
IS 9162-1979 withstands loads tending to elongate.

Is a measurement of the force required to pull something to the
Tensile Strength | point where it breaks. The tensile strength of a material is the

IS 9162-1979 | maximum amount of tensile stress that it can take before failure,
for example breaking

Flexural Strength | Also known as modulus of rupture, bend strength, or fracture
ASTM D 2370- | strength, a mechanical parameter for brittie material, is defined
1973 as a material’s ability to resist deformation under load.

Bond Strength

1S0 4624 Bond strength is the measurement of how well an epoxy bonds

to the substrate

| Y |

So there is wide range of coatings available for floors. But whenever we talk about a

floor coating, we try to understand on the 4 fundamental parameters, the floor coating if it has to
protect the concrete, the floor coating has to be stronger than the concrete. So when you are
looking at concrete strength of M20 or M40 means | should not have a coating of the same

strength it should be better than that.

So the compressive strength of the coating are normally around 60, which means that it
has the power to protect it very well. We have other requirements like the tensile strength, the
ability for the coating to take care of the tensile forces, which is coming and acting due to the
expansion and contraction requirements of the concrete. More flexural resistance is required

when you have a vehicle and it is trying to turn around.

We try to understand the tear resistance; we try to understand the flexural strength of the
particular coating, which is going to give you the better performance height of all the coating has
to stay there on the substrate. So you require a very good bonding therefore the bond strength is
being tested. So there is a Dolly which will be fixed in the lab. We try to pull the Dolly out and
we will check whether the coating comes away from the concrete or the concrete along with the

coating comes off.



In many a case, the coating is so strong that the concrete gets turn off, but not the coating
bond with the concrete. So these are the 4 fundamental properties which we try to check when
we are looking at the floor coatings.

(Refer Slide Time: 49:15)
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Floor Coating product line

+100% solid content Self Leveling Floor Toppings

+ High abrasion resistant Anti -Skid Floor Coatings

+ Food Grade Floor Coatings (Epoxy/ Polyurea)

+ High Corrosive Chemical Resistant Floor Toppings

+ Roll- On Top coatings

+ Scratch Resistant Floor Coatings

+ Anti Scratch, Anti Slip, U.V Resistant Floor Coatings

+ Durable high solid content Bay Marking Coatings

+ Epoxy Novolac based Acid& Alkali Resistant Floor Toppings

+ Di-Electric Floor Coating systems

+Thermal shock and high impact resistant water based Polyurethane
Concrete Systems

| Y

You have a huge range of performance requirements for floor coatings.
(Refer Slide Time: 49:23)

Floor Coating durability
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Working for the last 9
years taking movement
loads of 18 MT

Coating System for plant area
(18MT load movement)

1 coat- Epoxy Floor Primer at
40-50 microns +

1 coat- Epoxy Self Levelling Floor
Coating 2mm

A quick understanding on how much life floor coating can offer. And this is a typical
case where | have seen, for 9 years this has been performing and still doing very well without
any maintenance other than cleaning it well. This was applied at around 2 millimeters thickness,
I recollect it is a VDF floor.
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Condition of coating during application ¢)
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+ The paint application process includes
~ Surface preparation
~ Mixing of coatings
~ Application of coatings
- Drying & curing of coatings
+ Conditions that influence coating characteristics
- Air temperature
- Substrate temperature
~ Dew Point temperature
- Relative humidity
~ Wind velocity and direction

Now, condition for coating during application is a topic which we need to understand in
detail. Surface preparation requirements, the mixing of coating requirements, application of
coatings, the various methodologies which are there. What is the importance of drying and
curing and none of them can be taken as all. Many a time, we are not getting involved with the

person who is actually installing the coating.

If the people as a mason, if he is going to play havoc then that the structure goes for a
toss. Same way if the painter is not aware of the product, which he is handling the coating goes
for a toss. So the performance is more dependent in these situations. With the effective
implementation of the application, there are a lot of influences to the coating characteristics, the
film curing characteristics due to the temperature, the temperature of the air, the temperature on

the substrate.

We also have to understand on the dewpoint temperature when there is going to be
condensation or possibility of condensation occurring on the substrate, the epoxies are going to
have different problems called amine blush. So this is not going to help you with a better film
characteristic. So we need to monitor all these particular requirements, right from relative
humidity to the wind velocity whenever we are doing a spray application. So we have many
requirements in this particular area.
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Ideal conditions during coating
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+ Temperature of the metal substrate should be between

10°C to 40°C

+ Temperature of substrate should be 3°C above the dew
point temperature

+ Surface Moisture content on concrete while application of
coatings, should be less than 5%

+ Relative humidity should not more than 80% and ideally at
50%

+ Wind velocity should not be more than 3-5m/sec

The coating of steel, the coating of concrete, we have to fine tune the understanding and
ensure that it is implemented well. The temperature of the substrate is also being monitored
because most of the coatings have solvent which is having an opportunity to release its solvents

based on the temperature on the substrate. The temperature of the substrate is very cool, the

solvent stays back. It is not able to find an opportunity to move out.

Same way when the humidity is much higher, there is no opportunity for the solvent to go
out. So, understanding the temperature of the substrate, understanding the humidity percentage in
the air and understanding the opportunity of dewpoint and condensation to occur. All these are
very critical factors when we are talking about application of coatings.

(Refer Slide Time: 52:25)



Standard Practices

The standard
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+ Cured Concrete- minimum 28 days
+ ASTM D4258 is most sought after standard to achieve

clean concrete

~ Dry Concrete- test for moisture content

+ moisture or dampness travelling upward through the slab is a
cause of great concern to the adhesion of coating

+ ASTM 4259 - deals with blasting practices

+ develop a negative texture on the concrete substrate by use of
mechanically assisted tools and equipments

+ ICRI03732- visual comparators gives us nine reference
coupons to check the profile of concrete from 0.5mm to
5mm

| Y |

practices we understand on the cure of concrete, we have to understand the

concrete has to be ideally dry, clean and sound and you also need to understand the profile of the

concrete and you have the practices of ICRI 03732 they are visual comparators. | think | have a

slide to show you how it looks and how it is being used.
(Refer Slide Time: 52:53)

New Concrete
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Concrete substrate must be fully cured, dry, sound and

clean.

It shall be free from other contaminants, such as curing
compounds, sealers, oil, grease, dust, salts, laitance,
loosely adhering concrete

Weak concrete must be removed.
All voids, dents are to be repaired.

All cracks, dents and voids depending on the size and
depth should be filled with epoxy putty or epoxy mortar
after priming.
Surface leveling may if required be done V.

lq 5

When it is new concrete, we have to ensure that the concrete is cured well before we

touch with coatings

. Ensure that there is a curing compound and sealers do not have oil

contamination leftover on the concrete. There should not be any dust, salt or laitance or loosely

adhering particles on the concrete. It has to be removed and then we will have to work on the



cracks, dents voids, blowholes and it has to be filled with proper putty. And then we work
further.
(Refer Slide Time: 53:30)
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Tools and Tackles list

1. Moisture Meter (to be picked from the regional office)

2. Hammer (3 nos) and 20 nails of § inches long

3. Hand Grinding Machine

4. Weighing scale (up to 15 kgs)

5. Plastic graded, measurement jars in plastic (1 Itr and another in 500ml) two sets
6.  Electrically operated with 200 rpm, Paint Stirrer 1 nos

7. Spatula for mixing smaller components 5 nos

8. Wire brush 10 nos

9. Paint brush 4" 10 nos

10. Notched Trowel (serrated trowel) Imm & 3mm each 5nos
11. Spiked roller 10 nos

12. Sponge roller small 5 nos and large size 5 nos

13. Spiked shoes (Polycarbonate shoes) 2 pairs

14. Tarpaulin sheet to cover an area of 20 ft x 10 ft

15, Tin trunk box for safe keep of tools and tackles

The tools and tackles list have been listed which can be kept as a quick reference wherever you
get into a coating project.
(Refer Slide Time: 53:37)

Application Methods \ 4
NPTEL
+ Brush
+ Trowel
+ Roller

+ Air-Spray (conventional spray)
+ Airless spray
+ Plural component spray

The different methods of applications.
(Refer Slide Time: 53:43)



Caution points in application

+ Caution-1
~ Check the weather condition
+ Caution-2
— Check the coating system for the job component
+ Caution-3
~ Check the painting tools and its cleanliness
+ Caution-4
~ Check for availability of spares (tips, hose, etc)

We will try to touch upon the importance of the caution areas. That is the weather
condition as we told a bit earlier. Then we should know what coating system is there for that
respect of job, which has been taken? Tools which are required? What is the cleanliness we have
to adapt? And whether we have the spares, when it comes to tips or hoses in the case of spray.
(Refer Slide Time: 54:07)

Caution points before painting 9

NPTEL

+ Check for completion in surface preparation in all aspects
(cleanliness and required profile)

+ Check for salt contamination

+ Check for dust contamination

+ Check for oil & moisture in compressed air
- When de-dusting and for air-spray painting

+ Check for wind conditions

+ Check for proper lighting

We are talking about the contamination, if salt is there, dust is there, debris is there, oil is
there this is going to have effect. So we have to have a check for all these different
contaminations before we start the painting. It also includes proper lighting. If lighting is not
sufficient, probably coating cannot happen without any holidays.

(Refer Slide Time: 54:31)



Application of Paints

NPTEL

+ No heat work close to painting area
+ No dust or flying debris to settle on a wet paint

+ The correct paint, proper batch, mixing ratio, right quantum of thinner
usage, prudent mixed quantity

+ Application transfer efficiency at right wet film thickness
+Inspection for a uniform coating free from defects

+ Wet film thickness measurement

+ Ambient conditions recording

It can lead to holidays means there is going to be a small area which has been left without
painting, which can allow the ingress of the corrosive ingredients which can go like oxygen or
moisture or chemicals and start attacking the substrate. So paint has to be applied free of
holidays, free of pinholes, free of bubbles and it has to be uniform in thickness. And this is what

we look for in good painting.

Whenever it is in an epoxy or any other paint, solvent based paint, please do remember
that they are hazardous material. No air is left without understanding the smell of paint in that
particular vicinity. So you know that painting is going on there, so whenever there is a painting
activity going on. Do not create a spark opportunity; there should not be any welding activity

close to the painting yard. This is very important it can cause accidents.

So when you are talking about the transfer efficiency or the right film thickness, this is
very important area. When you are saying that | wanted a coating of say 500 microns then you
have to check on the volume solid content and then arrive at the required wet film thickness to
achieve the dry film thickness of the paint. Then if you are able to maintain the required wet film
thickness, you can be rest assured that the paint will be giving you the desired dry film thickness.
(Refer Slide Time: 56:06)



Summary

NPTEL

+ Coatings for Concrete are very important and contributes to the enhance
the durability of the infrastructure

+ Epoxy coatings have contributed in a large way in the development of
coating systems for wide range of applications from nuclear containment
coalings to protection of immersed structures/pipelines to high polluted
zones.

+ Latest development include polyurea and polyurethane coatings in
providing excellent waterproofing properties

+ Fireproofing of concrete pedestals in oil and gas installations are very
important aspect in integrity management

+ Anticarbonation coatings, Clean room coatings,

+ Floor Coatings have versions that cover car parks, chemical resistance
high voltage insulation, anti-skid, anti-slip, anti-static and decorative
durable solutions.

-~ A

So | think we have covered all the topics. This is only to give you a single summary
appreciation of what went in this lecture we have to primarily summarize saying that coatings for
concrete are very important and mandatory. It enhances the durability of the structure, epoxy
coatings are in wide use. The latest developments in protecting concrete are with Polyureas and
polyurethanes as well. Fireproofing of concrete pedestals in oil and gas installations are very
important aspect in integrity management. We have Anti carbonation coatings, clean room

coatings. We have coatings for a variety of purposes including pipeline coatings.



