










exterior areas that are frequently exposed to cleaning or washing, including
steam cleaning.
The systems used for these surfaces make use of inorganic zinc as a

primer. Inorganic zinc is the best coating that can be applied to steel because
it provides the longest term of protection. In some situations, it may be

TABLE 8.7

Multilayer Paint Systems for New Clean Surfaces, Free of Chemical Contamination

System A. Epoxy Mastic
Paint layers
One coat epoxy mastic: 3–5 mils dft (75–125 mm)

Properties
Good color selection, excellent chemical resistance, good physical characteristics, ease of
maintenance. Used on carbon steel, concrete masonry units, masonry block (a filler is
recommended), sheet rock (a sealer is required), wood, polyvinyl chloride, galvanized steel,
and other surfaces.

Limitations
This is a two-component material that is mixed just prior to application. Additional
equipment is required and more expertise to apply than a single packaged product. Epoxy
solvents may be objectionable to some people.

System B. Acrylic Primer/Acrylic Intermediate/Acrylic Finish
Paint layers
One coat acrylic primer: 2–3 mils dft (50–75 mm)
One coat acrylic intermediate: 2–3 mils dft (50–75 mm)
One coat acrylic finish: 2–3 mils dft (50–75 mm)

Properties

This is a single package, water base, low odor, semigloss paint. It possesses excellent
weathering and acidic acid resistance. Can be used on most surfaces including carbon steel,
concrete, concrete masonry units, masonry block (a block filler is recommended), sheet rock
(a sealer is required), wood, polyvinyl chloride, galvanized steel, stainless steel, copper, and
fabric. May be applied over existing coatings of any type including inorganic zinc.

Limitations

Must be protected from freezing during shipping and storage. For application, temperature
must be above 608F/168C and will remain so for 2–3 hr after application.

System C. Acrylic Primer/Acrylic Finish
Paint layers

One coat acrylic primer: 2–3 mils dft (50–75 mm)
One coat acrylic finish: 2–3 mils dft (50–75 mm)

Properties

Excellent weathering and acidic chemical resistance, with good color selection.

Limitations

For best performance metallic surfaces should be abrasive blasted. For mild conditions hand
or power cleaning may be sufficient. Paint must be applied when temperature exceeds
608F/168C.
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necessary to substitute an organic zinc (an organic binder such as epoxy or
polyurethane with zinc added) for the inorganic zinc.
Recommended systems are B, C, and E of Table 8.4 and A of Table 8.6.

8.6.5 Area 5. Saltwater Exposure

This area includes interior or exterior locations on or near a seacoast or
industrial environments handling brine or other salts. Under these condi-
tions, the surfaces are frequently wet by salt water and include condensa-
tion, splash, or spray.
Conditions in this area are essentially the same as for freshwater and the

comments for area 4 apply here. Because of the more severe conditions,
it is recommended that two coats of the primer be applied for system E of
Table 14.1 of Fundamentals of Metallic Corrosion: Atmospheric and Media Corro-
sion of Metals and system A of Table 8.6.
Recommended systems are B, C, and E of Table 8.6 and A of Table 8.6.

TABLE 8.8

Multilayer Paint Systems Requiring an Abrasive Blast to the Substrate Surface

System A. Epoxy Primer/Polyurethane Finish
Paint layers
One coat epoxy primer: 3–5 mils dft (75–125 mm)
One coat polyurethane finish: 2–3 mils dft (50–75 mm)

Properties

Two coat protection is provided with excellent high gloss finish and long-term color gloss
retention. Normally applied to carbon steel and concrete.

Limitations

Since these are two component materials they must be mixed just prior to application and
require additional equipment and more expertise to apply.

TABLE 8.9

Multilayer Paint Systems for Previously Painted Surfaces That Have Had Loose Paint
and Rust Removed by Hand Cleaning

System A. Oleoresin
Paint layers

One coat oleoresin: 2–4 mils dft (50–100 mm)

Properties

This very slow drying material penetrates and protects existing surfaces that cannot be
cleaned properly with a single coat. Provides long-term protection without peeling, cracking,
and other such problems. Easy to apply by spray, brush, roller, or glove. Normally used on
carbon steel and weathering galvanized steel.

Limitations

This material is designed to protect steel that will not see physical abuse. It also stays soft for
an extended period of time.
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8.6.6 Area 6. Freshwater Immersion

Wastewaters are also a part of this area. Included are all areas that remain
underwater for periods longer than a few hours at a time. Potable and
nonpotable water, sanitary sewage, and industrial waste liquids are
all included.
If the systems recommended are to be used as a tank lining material, it is

important that the application be done by experienced workers. In addition,
if the coating to be applied is to be in contact with potable water, it is
important that the material selected meets the necessary standards and is
approved for use by the local health department. Two coats of epoxy (system
D in Table 8.5) is frequently used in this service.
Recommended systems are F of Table 8.4 and A, D, E, and F of Table 8.5.

8.6.7 Area 7. Saltwater Immersion

Areas that remain under water in a coastal environment or industrial
area or that are constantly subjected to flowing salt or brine laden water are
included in this category. Because of the increased rate of corrosion, a third
coat may be added to system F of Table 8.5 and systems A and E of Table 8.5
as additional protection against this more severe corrosion.
System D of Table 8.4 and systems A, E, and F of Table 8.5 are recom-

mended for this service.

8.6.8 Area 8. Acidic Chemical Exposure (pH 2.0–5.0)

In the chemical process industries, this is one of the most severe
environments to be encountered. When repainting, it is important that all
surfaces are clean of any chemical residue. Inorganic zinc and zinc filled
coatings are not recommended for application in this area.
The system selected will be dependent upon the quality of surface

preparation, length of chemical exposure, and housekeeping procedures.
Decreased cleanup and longer exposure times require a more chemical
resistant coating system such as system I in Table 8.4.
Other recommendations for this area include systems D, G, and I in

Table 8.4 and system B in Table 8.7.

8.6.9 Area 9. Neutral Chemical Exposure (pH 5.0–10.0)

This is an area that is not subject to direct chemical attack, but it may be
subject to fumes, spillage, or splash. Under these conditions, more protection
is required than will be provided by a standard painting system. This would
include such locations as clean rooms, packaging areas, hallways, enclosed
process areas, instrument rooms, electrical load centers, and other
similar locations.
A list of potential chemicals that may contact the coating aids in the

coating selection. Knowledge of cleanup procedures will also prove helpful.
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It may be possible to use systems requiring less surface preparation such
as system D in Table 8.4, system A in Table 8.6, system A in Table 8.7, and
system A in Table 8.8.
Recommendations for area 9 are systems A and D in Table 8.4, system A in

Table 8.6, systems A and C in Table 8.7, and system A in Table 8.8.

8.6.10 Area 10. Exposure to Mild Solvents

This is intended for locations subject to intermittent contact with aliphatic
hydrocarbons such as mineral spirits, lower alcohols, glycols, etc. Such
contact can be the result of splash, spillage, or fumes.
Cross-linked materials, such as epoxies, are best for this service because

solvents will dissolve single package coatings. A single coat of inorganic zinc
is an excellent choice for immersion service in solvents or for severe splashes
and spills.
The gloss of a coating system is often reduced as a result of solvent

splashes or spills. However, this is a surface effect that usually does not affect
the overall protective properties of the coating.
Recommended systems for use in this location are A, D, and G of Table 8.4.

8.6.11 Area 11. Extreme pH Exposure

This covers locations that are exposed to strong solvents, extreme pHs,
oxidizing chemicals, or combinations thereof with high temperatures. The
usual choice for coating these areas are epoxy novalacs, epoxy phenolics,
and high build polyurethanes. Other special coatings such as the polyesters
and vinyl esters may also be considered. However, these systems require
special application considerations.
Regardless of which coating system is selected, surface preparation is

important. An abrasive blast, even on concrete, is required. In addition,
all surface contaminants must be removed. When coating concrete, a thicker
film is required. System F in Table 8.5 is recommended for optimum
protection.
Recommended for this location is system I in Table 8.4 and systems B, C,

and F in Table 8.5.
The foregoing have been generalizations as to what environmental

conditions may be encountered, along with suggested coating systems to
protect the substrate. Data presented will act as a guide in helping the reader
to select the proper coating system. Keep in mind that the surface prepara-
tion is critical and should not be skimped on.
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9
Cementitious Coatings

Cementitious coatings provide corrosion resistance to substrates such as
steel by maintaining the pH at the metal/coating interface above 4, a pH
range where steel corrodes at a low rate. The proper selection of materials
and their application is necessary if the coating is to be effective. To select the
proper material, it is necessary to define the problem:

1. Identify all chemicals that will be present and their concentrations.
Knowing pH alone is not sufficient. All pH indicates is whether or
not the environment is acid, neutral, or alkaline. It does not identify
if the environment is oxidizing, organic or inorganic, alternately
acid or alkaline.

2. Is the application fumes, splash, or immersion?

3. What are the minimum and maximum temperatures that the
coating will be subjected to?

4. Is the installation indoors or outdoors? Thermal shock and
ultraviolet exposure can be deleterious to many resins.

5. How long is the coating expected to last? This can have an effect on
the cost.

Surface preparation prior to application of the coating is essential. The
surface must be free of mill scale, oil, grease, and other chemical
contaminants. The surface must be roughened by sandblasting and the
coating applied immediately after surface preparation. An intermediate
bonding coating is used when adhesion between the substrate and coating is
poor or where thermal expansion characteristics are incompatible. Coatings
are installed in thicknesses of 1/16 to 1/2 in. (1.5 to 13 mm). They may be
applied by casting, troweling, or spraying. The spraying process, known as
Gunite or Shotcrete, is particularly useful on systems with unusual geometry
or with many sharp bends or corners. It has the advantage that there are no
seams that are often weak points as far as corrosion resistance is concerned.
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9.1 Silicates

These materials are noted for their resistance to concentrated acids, except
hydrofluoric acid and similar fluorinated chemicals at elevated tempera-
tures. They are also resistant to many aliphatic and aromatic solvents. They
are not intended for use in alkaline or alternately acid and alkaline
environments. This category of coatings includes:

1. Sodium silicate

2. Potassium silicate

3. Silica (silica sol)

The alkali silicates form a hard coating by a polymerization reaction,
involving repeating units of the structure:

The sodium and potassium silicates are available as two-component
systems: filler and binder with the setting agent in the filler. Sodium and
potassium silicates are referred to as soluble silicates because of their
solubility in water. This prevents their use in many dilute acid services,
whereas, they are not affected by strong concentrated acids. This
disadvantage becomes an advantage for formulating single component
powder systems. All that is required is the addition of water at the time of
use. The fillers for these materials are pure silica.
The original sodium silicate acid resisting coating uses an inorganic silicate

base consisting of two components, a powder and a liquid. The powder is
basically quartzite of selected gradation and a setting agent. The liquid is a
special sodium silicate solution.When the coating is used, the two components
are mixed together, and the hardening occurs by a chemical reaction.
This coating may be cast, poured, or applied by guniting. It has excellent

acid resistance and is suitable over a pH range of 0.0–7.0.
The sodium silicates can be produced over a wide range of compositions

of the liquid binder. These properties and the new hardening systems have
significantly improved the water resistance of some sodium silicate coatings.
These formulations are capable of resisting dilute as well as concentrated
acids without compromising physical properties.
The potassium silicate materials are less versatile in terms of formulation

flexibility than the sodium silicate materials. However, they are less
susceptible to crystallization in high concentrations of sulfuric acid so long
as metal ion contamination is minimal. Potassium silicate materials are

OH

OH

Si
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available with halogen-free hardening systems, thereby, removing remote
possibility for catalyst poisoning in certain chemical processes.
Chemical setting potassium silicate materials are supplied as two

component systems that comprise the silicate solution and the filler powder
and setting agent. Setting agents may be inorganic, organic, or a combination
of both. The properties of the coating are determined by the setting agent
and the alkali–silica ratio of the silicate used. Properties such as absorption,
porosity, strength, and water resistance are affected by the choice of the
setting agent. Organic setting agents will burn out at low temperatures,
thereby, increasing porosity and absorption. Organic setting agents are water
soluble and can be leached out if the coating is exposed to steam or moisture.
Coatings that use inorganic setting agents are water and moisture resistant.
Silicate formulations will fail when exposed to mild alkaline mediums

such as bicarbonate of soda. Dilute acid solutions, such as nitric acid, will
have a deleterious effect on sodium silicates unless the water resistant type is
used. Table 9.1 points out the differences between the various
silicate coatings.
Silica, or silica sol, types of coatings are the newest of this class of material.

They consist of a colloidal silica binding instead of the sodium or potassium
silicates with a quartz filler. These materials are two component systems that
comprise apowder composedof highquality crushed quartz andahardening
agent that are mixed with colloidal silica that solution to form the coating.

TABLE 9.1

Comparative Chemical Resistance: Silicate Coatings

Sodium Potassium

Medium, RT Normal

Water

Resistant Normal Halogen Free

Acetic acid, glacial G G R R
Chlorine dioxide, water sol. N N R R
Hydrogen peroxide N R N N
Nitric acid, 5% C R R R
Nitric acid, 20% C R R R
Nitric acid, over 20% R R R R
Sodium bicarbonate N N N N
Sodium sulfite R R N N
Sulfates, aluminum R R R R
Sulfates, copper G G R R
Sulfates, iron G G R R
Sulfates, magnesium G G R R
Sulfates, nickel G G R R
Sulfates, zinc G G R R
Sulfuric acid, to 93% G G R R
Sulfuric acid, over 93% G G R R

Note: RT, room temperature; R, recommended; N, not recommended; G, potential failure,
crystalline growth; C, conditional.
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These coatings are recommended for use in the presence of hot concentrated
sulfuric acid. They are also used for weak acid conditions up to a pH of 7.

9.2 Calcium Aluminate

Coatings of this type consist of calcium aluminate-based cement and various
inert ingredients and are supplied in powder form to be mixed with water
when used. They may be applied by casting, pouring, or guniting. Calcium
aluminate-based coatings are hydraulic and consume water in their reaction
mechanism to form hydrated phases. This is similar to portland cement
compositions; however, their rates of hardening are very rapid. Essentially,
full strength is reached within 24 h at 738F (238C).
They have better acid resistance than portland cement, but they are not

useful in acids below pH 4.5–5. They are not recommended for alkali service
above a pH of 10, nor are they recommended for halogen service. Refer to
Table 9.2 for the chemical resistance of calcium aluminate and
portland cement.

9.3 Portland Cement

Portland cement is made from limestone or other natural sources of calcium
carbonate, clay (a source of silica), alumina, ferric oxide, and minor
impurities. After grinding, the mixture is fired in a kiln at approximately
25008F (11378C). The final product is ground to a fineness of about 10 mm,

TABLE 9.2

Chemical Resistance of Calcium Aluminate and Portland Cement

Cement Type

Calcium

Aluminate

Portland

Cement

pH range 4.5–10 7–12
Water resistance E E
Sulfuric acid X X
Hydrochloric acid X X
Phosphoric acid P X
Nitric acid X X
Organic acids F F
Solvents G G
Ammonium hydroxide F G
Sodium hydroxide F F
Calcium hydroxide F G
Amines F G

Note: E, excellent; G, good; F, fair; P, poor; X, not recommended.
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and it is mixed with gypsum to control setting. When mixed with water, the
portland cement forms a hydrated phase, and it hardens. As the cement
hardens, a chemical reaction takes place. The two most important reactions
are the generation of calcium hydroxide and of tricalcium silicate hydrate.
The calcium hydroxide generated could, theoretically, be as high as 20% of
the weight of the cement, producing an alkalinity that at the solubility of
lime, results in an equilibrium pH of 12.5. Steel that has been coated with
cement is passivated as a result of the hardened materials. The alkalinity of
the coating is provided by the presence of calcium oxide (lime). Anymaterial
that will cause the calcium oxide or hydroxide to be removed, lowering the
pH, will prove detrimental and cause solution of the cement hydrates.
Contact with organic or inorganic acids can cause this to happen. Organic
acids can be generated when organic materials ferment.
When carbon dioxide dissolves in water that may be present on the

cement, weak carbonic acid is produced. The weak carbonic acid lowers the
pH of the cement solution, allowing the coated steel to corrode. This is
sometimes referred to as the carbonation of cement.
Sulfates will also cause portland cement to deteriorate. In addition to

being able to produce sulfuric acid that is highly corrosive to portland
cement, sulfates are reactive with some additives used in the formulations.
Refer to Table 9.2.
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10
Coatings for Concrete

The life of concrete can be prolonged by providing a coating that will be
resistant to the pollutants present. These coatings are referred to asmonolithic
surfacings. Before selecting an appropriate coating, consideration must be
given to the condition of the concrete and the environment that the concrete
will be exposed to. Proper surface preparation is essential. Surface
preparations can be different for freshly placed concrete than for old concrete.
When concrete is poured, it is usually held in place by means of steel or

wood forms that are removed when the concrete is still in its tender state. To
facilitate their removal, release agents are applied to the forms prior to
pouring. Oils, greases, and proprietary release agents are left on the surface
of the concrete. These must be removed if they will interfere with the
adhesion of subsequent coatings.
Quite often, curing compounds are applied to fresh concrete as soon as

practical after the forms have been removed. These are liquid membranes
based on waxes, resins, chlorinated rubber, or other film formers, usually in
a solvent. Pretesting is necessary to determine whether or not they will
interfere with the coating to be applied.
Generally, admixtures that are added to concrete mixes in order to speed

up or slow down the cure, add air to the mix, or obtain special effects will
not interfere with surface treatments to improve durability. The concrete
supplier can furnish specific data regarding the admixtures. If in doubt, try a
test patch of the coating material to be used.
It is essential that water from subslab ground sources be eliminated or

minimized since migration through the concrete may create pressures at the
bond line of water resistant barriers.
As discussed in Chapter 9 under portland cement coating, when water

is added to portland cement, a chemical reaction takes place during the
hardening. This reaction produces calcium hydroxide and tricalcium
silicate hydrate. The alkalinity of concrete is provided by the presence of
calcium oxide from the cement. Consequently, concrete attack can be due
to chemicals that react with the portland cement binder and form
conditions that physically deteriorate the material. Any material that will
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cause the calcium oxide or hydroxide to be removed, lowering the pH
of the cement mix, will cause instability and solution of the cement hydrates.
The most common cause for the deterioration of concrete results from

contact with inorganic and organic acids. Those that form soluble salts
with calcium oxide or calcium hydroxide are the most aggressive. Typical
compounds that can cause problems include sour milk, industrial wastes,
fruit juices, sonic ultrapure waters, and organic materials that ferment and
produce organic acids. Typical chemical families found in various types of
chemical processing industry plants and their effect on concrete are shown in
Table 10.1.

10.1 Surface Preparation

It is essential that the concrete surface be property prepared prior to
application of the coating. The surfaces of cement containing materials
may contain defects that require repair before the application of the
coating. In general, the surface must be thoroughly cleaned and all cracks
repaired.
Unlike specifications for the preparation of steel prior to coating, there

are no detailed standard specifications for the preparation of concrete
surfaces. In most instances, it is necessary to follow the instructions supplied
by the coating manufacturer. Specifications can range from the simple
surface cleaning that provides a clean surface without removing
concrete from the substrate, to surface abrading that provides a clean
roughened surface, to acid etching that also provides a clean
roughened surface.

10.1.1 Surface Cleaning

Surface cleaning is accomplished by one of the following means:

1. Broom sweeping

2. Vacuum cleaning

3. Air blast

4. Water cleaning

5. Detergent cleaning

6. Steam cleaning

Water cleaning and detergent cleaning will not remove deep embedded soils
in the pores of the concrete surfaces. In addition, these methods saturate the
concrete that then requires a drying period (not always practical).
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TABLE 10.1

Effects of Various Chemicals on Concrete

Chemical Effect on Concrete

Chemical Plants

Acid waters pH 6.5 or less Disintegrates slowly
Ammonium nitrate Disintegrates
Benzene Liquid loss by penetration
Sodium hypochlorite Disintegrates slowly
Ethylene Disintegrates slowly
Phosphoric acid Disintegrates slowly
Sodium hydroxide, 20% and above Disintegrates slowly
Food and beverage plants
Almond oil Disintegrates slowly
Beef fat Solid fat disintegrates slowly, malted fat

more readily
Beer May contain, as fermentation products,

acetic, carbonic, lactic, or tannic acids
which disintegrate slowly

Buttermilk Disintegrates slowly
Carbonic acid (soda water) Disintegrates slowly
Cider Disintegrates slowly
Coconut oil Disintegrates slowly
Corn syrup Disintegrates slowly
Fish oil Disintegrates slowly
Fruit juices Disintegrates
Lard or lard oil Lard disintegrates slowly, lard oil more

quickly
Milk No effect
Molasses Disintegrates slowly above 1208F/498C
Peanut oil Disintegrates slowly
Poppyseed oil Disintegrates slowly
Soybean oil Disintegrates slowly
Sugar Disintegrates slowly
Electric generating utilities

Ammonium salts Disintegrates
Coal Sulfides leaching from damp coal may

oxidize to sulfurous or sulfuric acid,
disintegrates

Hydrogen sulfide Dry, no effect; in moist oxidizing
environments converts to sulfurous
acid and disintegrates slowly

Sulfuric acid (10–80%) Disintegrates rapidly
Sulfur dioxide With moisture forms sulfurous acid

which disintegrates rapidly
Pulp and paper mills

Chlorine gas Slowly disintegrates moist concrete
Sodium hypochlorite Disintegrates slowly
Sodium hydroxide Disintegrates concrete
Sodium sulfide Disintegrates slowly
Sodium sulfate Disintegrates concrete of inadequate

sulfate resistance
Tanning liquor Disintegrates if acid
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10.1.2 Surface Abrading

Surface abrading can be accomplished by

1. Mechanical abrading

2. Water blasting

3. Abrasive blasting

Of the three methods to produce a roughened surface, the most technically
effective is abrasive blasting by means of sandblasting or shot blasting
followed by broom sweeping, vacuum cleaning, or an air blast to remove the
abrasive. However, in some instances this may not be a practical approach.

10.1.3 Acid Etching

Acid etching is a popular procedure used for both new and aged concrete. It
must be remembered that during this process, acid fumes will be evolved
that may be objectionable. Also thorough rinsing is required that saturates
the concrete. This may necessitate a long drying period, depending on the
coating to be used.

10.2 Coating Selection

The coating to be selected will depend on the physical properties and
conditions of the concrete as well as the environmental conditions.
Factors such as alkalinity, porosity, water adsorption and permeability,

and weak tensile strength must be considered. The tendency of concrete to
crack, particularly on floors, must also enter into the decision. Floor cracks
may develop as a result of periodic overloading or from drying shrinkage.
Drying shrinkage is not considered a working movement, whereas, periodic
overloading is. In the former, a rigid flooring system could be used, whereas,
in the latter, an elastomeric caulking of the moving cracks would be
considered.
Selection may be influenced by the presence of substrate water during

coating. If the concrete cannot be dried, one of the varieties of water based or
water tolerant systems should he considered.
When aggressive environments are present, the surface profile and surface

porosity of the concrete must be taken into account. If complete coverage of
the substrate is required, specification of film thickness or number of coats
may need to be modified. Block fillers may be required. In a nonaggressive
atmosphere, an acrylic latex coating may suffice.
Specific environmental conditions will dictate the type of coating

required. Not only do normal atmospheric pollutants have to be considered,
but any specific local pollutants will also have to be taken into account.
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Also to be considered are the local weather conditions that will result in
minimum and maximum temperatures as seasons change. Also to be con-
sidered are the possibilities of spillage of chemicals on the surface. Coatings
can be applied in various thicknesses depending upon the environment
and contaminants.
Thin film coatings are applied at less than 20 mils dry film thickness.

Commonly used are epoxies that may be formulations of polyamides,
polyamines, polyesters, or phenolics. These coatings will protect against
spills of hydrocarbon fuels, some weak solutions of acids and alkalies, and
many agricultural chemicals. Epoxies can also be formulated to resist spills
of aromatic solvents such as xylol or toluol.
Most epoxies will lose some of their gloss and develop a “chalk face” when

exposed to weather. However, this does not affect their chemical resistance.
Medium film coatings are applied at approximately 20–40 mils dry film

thickness. Epoxies used in this category are often flake filled to give them
rigidity, impact strength, and increased chemical resistance. The flakes can
be mica, glass, or other inorganic platelets.
Vinyl esters are also used in this medium film category. These coatings

exhibit excellent resistance to many acids, alkalies, hypochlorites, and
solvents. Vinyl esters may also be flake filled to improve their resistance.
Sonic vinyl esters require the application of a low viscosity penetrating

primer to properly cleaned and profiled concrete before application,
whereas, others may he applied directly.
Thick film coatings are installed by two means. The specialty epoxy types

are mixed with inorganic aggregates and trowel applied. The polyesters and
vinyl esters are applied with a reinforcing fiberglass mat.
Table 10.2 provides a guideline for specifying film thickness.
The most popular monolithic surfacings are formulated from the

following resins:

1. Epoxy, including epoxy novolac

2. Polyester

3. Vinyl ester, including vinyl ester novolac

4. Acrylic

5. Urethane

6. Phenolic novolacs

10.3 Installation of Coatings

As with the application of any coating system, proper surface preparation
and installation techniques are essential. Basic preparations for the applica-
tion of a coating are as follows:
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1. Substrate must be free of cracks and be properly sloped to drains.

2. New, as well as existing slabs, should have a coarse surface profile,
be clean and dry, and be free of contaminants.

3. In general, slab and materials to be installed should have a
temperature of 65–858F/18–298C. If necessary, special catalysts
and hardening systems are available to accommodate higher or
lower temperatures.

4. Manufacturers’ directions should be adhered to regarding the
priming of the substrate prior to applying the monolithic
surfacing.

5. Individual and combined components should bemixed thoroughly
at a maximum speed of 500 rpm to minimize air entrapment.

6. Prior to curing, the surface must be protected from moisture
and contamination.

Monolithic surfacings may be installed by a variety of methods, many that
are the same methods used in the portland cement concrete industry.

TABLE 10.2

Guidelines for Specifying Film Thickness

Film Thickness

Contaminant Thin Medium Thick

Aliphatic hydrocarbons X X X
Aromatic hydrocarbons X X
Organic acids
Weak X
Moderate X X
Strong X

Inorganic acids
Weak X
Moderate X
Strong X

Alkalies
Weak X
Moderate X X
Strong X

Bleach liquors X
Oxygenated fuels X X
Fuel additives X X
Deionized water X
Methyl ethyl ketone X X
Fermented beverages X X
Seawater X
Hydraulic/brake fluids X X X
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The primary methods are:

1. Hand troweled

2. Power troweled

3. Spray

4. Pour in place/self-level

5. Broadcast

Small areas, or areas with multiple obstructions, should be hand troweled.
Topcoat sealers should be applied to provide imperviousness and increased
density with a smooth, easy-to-clean finish.
Large areas with a minimum of obstructions are best handled with power

troweling. The minimum thickness would be 1/4 in. (6.5 mm). The density
of the finish can be improved by the use of appropriate sealers.
For areas subjected to aggressive corrosion, spray application is

recommended. The consistency of the material can be formulated to control
slump and type of finish. This permits the material to be sprayed on vertical
and overhead surfaces including structural components with thicknesses of
1/16 to 3/32 in. (1.5 to 2.4 mm) as is suitable for light duty areas.
Economical and aesthetically attractive floors can be applied by the broad-

cast system where resins are “squeegee” applied to the concrete stab. Filler
or colored quartz aggregates of varying color and size are sprinkled or
broadcast into the resin. Excess filler and quartz are vacuumed or swept
from the floor after the resin has set. This results in a floor thickness of 3/32
to 1/8 in. (2 to 3 mm). This type of floor is outstanding for light industrial
and interior floors.

10.4 Epoxy and Epoxy Novolac Coatings

The three most often used epoxy resins for monolithic surfacings are the
bisphenol A, bisphenol F (epoxy novolac), and epoxy phenol novolac.
These base components are reacted with epichlorhydrin to form resins of
varying viscosity and molecular weight. The hardening system employed
to effect the cure or solidification will determine the following properties of
the cured system:

1. Chemical and thermal resistance

2. Physical properties

3. Moisture tolerance

4. Workability

5. Safety during use

Coatings for Concrete 521

CAT8247—CHAPTER 10—6/10/2006—12:52—SRIDHAR—XML MODEL B – pp. 515–532

www.iran-mavad.com 
 مرجع علمى مهندسى مواد



Bisphenol A epoxy is the most popular, followed by the bisphenol F that is
sometimes referred to as an epoxy novolac. The epoxy phenol novolac is a
higher viscosity resin that requires various types of diluents or resin blends
for formulating coatings.
The bisphenol A resin uses the following types of hardeners:

1. Aliphatic amines

2. Modified aliphatic amines

3. Aromatic amines

4. Others

Table 10.3 shows effects of the hardener on the chemical resistance of the
finished coating of bisphenol A systems for typical compounds. Table 10.4
provides a comparison of the general chemical resistance of optimumchemical
resistant bisphenol A, aromatic amine cured, with bisphenol F resin systems.
Amine hardening systems are the most popular for ambient temperature

curing epoxy coatings. These systems are hygroscopic and can cause aller-
genic responses to sensitive skin. These responses can be minimized or
virtually eliminated by attention to personal hygiene and the use of
protective creams on exposed areas of skin, i.e., face, neck, arms, and hands.
Protective garments, including gloves, are recommended when using
epoxy materials.
Epoxies are economical, available in a wide range of formulations and

properties, and offered from many manufacturers. Formulations are avail-
able for interior as well as exterior applications. However, when installed
outside, moisture from beneath the slab can affect adhesion and
cause blistering.
The typical epoxy system is installed in layers of primer, base, and finish

coats. Overall, the installation can take several days. Epoxies should not be

TABLE 10.3

Types of Epoxy Hardeners and Their Effect on Chemical Resistance

Hardeners

Medium Aliphatic Amines

Modified

Aliphatic Amines Aromatic Amines

Acetic acid, 5–10% C N R
Benzene N N R
Chromic acid,!5% C N R
Sulfuric acid, 25% R C R
Sulfuric acid, 50% C N R
Sulfuric acid, 75% N N R

R, recommended; N, not recommended; C, conditional.

Source: FromA.A. Boova. 1996. Chemical resistant mortors, grouts andmonolithic surfacings, in
Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker, pp. 459–487.
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applied to new concrete before it has reached full strength (approximately
twenty eight days).
Table 10.5 provides the atmospheric corrosion resistance of monolithic

floor surfacings.

TABLE 10.4

Comparative Chemical and Thermal Resistance of Bisphenol A, Aromatic Amine-
Cured vs. Bisphenol F (Epoxy Novolac)

Medium, RT Bisphenol A Bisphenol F

Acetone N N
Butyl acetate C E
Butyl alcohol C E
Chromic acid, 10% C E
Formaldehyde, 35% E G
Gasoline E E
Hydrochloric acid, to 36% E E
Nitric acid, 30% N C
Phosphoric acid, 50% E E
Sulfuric acid, to 50% E E
Trichloroethylene N G
Maximum temperature, 8F/8C 160/71 160/71

RT, room temperature; C, conditional; N, not recommended; E. excellent; G, good.

Source: FromA.A. Boova. 1996. Chemical resistant mortars, grouts andmonolithic surfacings, in
Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker, pp. 459–487.

TABLE 10.5

Atmospheric Corrosion Resistance of Monolithic Concrete Surfacings

Atmospheric Pollutant

Surfacing NOx H2S SO2 CO2 UV

Chloride

Salt Weather Ozone

Epoxy–bisphenol A
Aromatic amine
hardener

R X X R R R R R

Epoxy novolac R X X R R R R R
Polyesters
Isophthalic R R X R RS R R R
Chlorendic R R X R RS R R R
Bisphenol A
fumarate

R R X R RS R R R

Vinyl esters R R R R R R R R
Acrylics R R R R R R R
Urethanes R X R R

R, resistant; X, not resistant; RS, resistant when stabilized.

Source: From P.A. Schweitzer. 1999. Atmospheric Degradation and Corrosion Control, New York:
Marcel Dekker.
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The bisphenol Fs (epoxy novolacs) are essentially premium grade epoxy
resins providing an increased chemical resistance. They are also available in
a wide range of formulations and from many manufacturers. The primary
advantages in the use of epoxy novolacs is in their improved resistance to
higher concentrations of oxidizing and nonoxidizing acids, and aliphatic
and aromatic solvents. Refer to Table 10.6.
The novolacs arc more expensive than the bisphenol A epoxies and can

discolor from contact with sulfuric and nitric acids. For exposure to normal
atmospheric pollutants, bisphenol A epoxies are satisfactory. However, if
the surface is to be exposed to other more aggressive containments, then the
novolacs should be considered.
Table 10.7 provides a comparison of the chemical resistance of various

monolithic surfacings.

10.5 Polyester Coatings

Polyester coatings were originally developed to resist chlorine dioxide.
The three types of unsaturated polyesters most commonly used are

TABLE 10.6

Corrosion Resistance of Bisphenol A and Bisphenol F Epoxies

Hardeners

Aromatic Amines

Aliphatic

Amines

Modified

Aliphatic Amines

Bisphenol

Corrodent, RT A F

Acetic acid, 5–10% C U R
Acetone U U U U
Benzene U U R R
Butyl acetate U U U R
Butyl alcohol R R R R
Chromic acid, 5% U U R R
Chromic acid, 10% U U U R
Formaldehyde, 35% R R R R
Gasoline R R R R
Hydrochloric acid, to 36% U U R R
Nitric acid, 30% U U U U
Phosphoric acid, 50% U U R R
Sulfuric acid, 25% R U R R
Sulfuric acid, 50 U U R R
Sulfuric acid, 75% U U U U
Trichloroethylene U U U R

RT, room temperature; R, recommended; U, unsatisfactory.

Source: From P.A. Schweitzer. 1998. Encyclopedia of Corrosion Technology, New York: Marcel
Dekker.
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1. Isophthalic

2. Chlorendic acid

3. Bisplienol A fumarate

The chlorendic and bisphenol A resins offer improved chemical resistance,
higher thermal capabilities, and improved ductility with less shrinkage.
The bisphenol A resins provide improved resistance to alkalies and
essentially equivalent resistance to oxidizing mediums. Refer to Table 10.5
for the resistance of the polyester resins to atmospheric containments and to
Table 10.8 for the comparative chemical resistance of the various
polyester resins.
Polyester resins are easily pigmented for aesthetic considerations. The

essentially neutral curing systems provide compatibility for application to
many substrates including concrete. Properly formulated polyester resins

TABLE 10.7

Comparative Chemical Resistance

1 2 3

Medium, RT A B C D E F G

Acetic acid, to 10% R R R R R R R
Acetic acid, 10–15% C R C R R C R
Benzene C R R R N R R
Butyl alcohol R C R R R N R
Chlorine, wet, dry C C C R R R R
Ethyl alcohol R C R R R R R
Fatty acids C R C R R R R
Formaldehyde, to 37% R R R R R R R
Hydrochloric acid, to 36% C R R R R R R
Kerosene R R R R R R R
Methyl ethyl ketone, 100% N N N N N N N
Nitric acid, to 20% N N R R R R R
Nitric acid, 20–40% N N R R N N C
Phosphoric acid R R R R R R R
Sodium hydroxide, to 25% R R R N R R R
Sodium hydroxide, 25–50% R C R N R C R
Sodium hypochlorite, to 6% C R R R R R R
Sulfuric acid, to 50% R R R R R R R
Sulfuric acid, 50–75% C R R R C R R
Xylene N R R R R N R

RT, room temperature; 1-A, bisphenol A epoxy—aliphatic amine hardener; 1-B, bisphenol A
epoxy—aromatic amine hardener; 1-C, bisphenol F epoxy (epoxy novolac); 2-D, polyester
resin—chlorendic acid type; 2-E, polyester resin—bisphenol A fumarate type; 3-F, vinyl ester
resin; 3-G, vinyl ester novolac resin; R, recommended; N, not recommended; C; conditional.

Source: From A.A. Boova. 1996. Chemical resistant mortars, grouts and monolithic
surfacings, in Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker,
pp. 459–487.
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provide installation flexibility to a wide range of temperatures, humidities,
and containments; encountered on most construction sites.
Polyester formulations have limitations such as

1. Strong aromatic odor that can be offensive for certain indoor and
confined space applications

2. Shelf life limitations that can be controlled by low temperature
storage (below 608F/158C) of the resin component.

Table 10.9 provides the chemical resistance of chlorendic and bisphenol A
fumarate rosins in the presence of selected corrodents.

10.5.1 Vinyl Ester/Vinyl Ester Novolac Coatings

Vinyl ester resins are addition reactions of methacrylic acid and epoxy resin.
These resins have many of the same properties as the epoxy, acrylic, and
bisphenol A fumarate resins.
The vinyl ester resins are the most corrosion resistant of any of the

monolithic surfacing systems, and they are also the most expensive and
difficult to install. They are used when extremely corrosive conditions are
present. The finished flooring is vulnerable to hydrostatic pressure and
vapor moisture transmission. Refer to Table 10.5 for their resistance to
atmospheric corrosion and Table 10.10 for their resistance to
selected corrodents.
The major advantage of these resins are their resistance to most oxidizing

mediums and high concentrations of sulfuric acid, sodium hydroxide, and
many solvents.

TABLE 10.8

Comparative Chemical Resistance of Various Polyester Resins

Medium, RT Isophthalic Chlorendic

Bisphenol A

Fumarate

Acids, oxidizing R R R
Acids, nonoxidizing R R R
Alkalies N N R
Salts R R R
Bleaches R R R
Maximum temperature, 8F/8C 225/107 260/127 250/121

RT, room temperature; R, recommended; N, not recommended.

Source: From A.A. Boova. 1996. Chemical resistant mortars, grouts and monolithic
surfacings, in Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker,
pp. 459–487.
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Vinyl ester resins also have the disadvantages of having

1. Strong aromatic odor for indoor or confined space applications

2. Shelf life limitation of the resins require refrigerated storage below
608F/158C to extend its useful life.

10.6 Acrylic Coating

Acrylic monolithic coatings are suitable for interior or exterior applications
with relatively benign atmospheric exposures. Refer to Table 18.5 of
Fundamentals of Metallic Corrosion: Atmospheric and Media Corrosion of Metals.
They excel at water andweather resistance, and are best at “breathing” in the
presence of a moisture transmissive problem in the stab. They are intended
for protection against moderate corrosion environments. The advantages for
their use are as follows:

1. They are the easiest of the resin systems to mix and apply by using
pour-in-place and self-leveling techniques.

2. Because of their outstanding weather resistance, they are equally
appropriate for indoor or outdoor applications.

TABLE 10.9

Chemical Resistance of Chlorendic and Bisphenol A Fumarate Resins

Polyester

Corrodent, RT Chlorendic

Bisphenol A

Fumarate

Acetic acid, glacial U U
Benzene U U
Chlorine dioxide R R
Ethyl alcohol R R
Hydrochloric acid, 36% R R
Hydrogen peroxide R U
Methanol R R
Methyl ethyl ketone U U
Motor oil and gasoline R R
Nitric acid, 40% R U
Phenol, 5% R R
Sodium hydroxide, 50% U R
Sulfuric acid, 75% R U
Toluene U U
Triethanolamine U R
Vinyl toluene U U

RT, room temperature; R, recommended; U, unsatisfactory.

Source: From P.A. Schweitzer. 1998. Encyclopedia of Corrosion Technology, NewYork:Marcel Dekker.

Coatings for Concrete 527

CAT8247—CHAPTER 10—6/10/2006—12:52—SRIDHAR—XML MODEL B – pp. 515–532

www.iran-mavad.com 
 مرجع علمى مهندسى مواد



3. They are the only system that can be installed at below freezing
temperatures (258F/K48C) without having to use special hard-
ening or catalyst systems.

4. They are the fastest set and cure of all the resins.

5. They are the easiest to pigment and, with the addition of various
types of aggregate, can be aesthetically attractive.

6. They are equally appropriate for maintenance and new construc-
tion, and they bond well to concrete.

The disadvantage of the acrylic coating system is the aromatic odor in indoor
or confined spaces.

10.7 Urethane Coatings

Monolithic urethane flooring systems offer the following advantages:

1. They are easy to mix and apply using the pour-in-place, self-
level technique.

TABLE 10.10

Resistance of Vinyl Ester and Vinyl Ester Novolac to Selected
Corrodents

Vinyl Ester

Corrodent Vinyl Ester Novolac

Acetic acid, glacial U R
Benzene R R
Chlorine dioxide R R
Ethyl alcohol R R
Hydrochloric acid, 36% R R
Hydrogen peroxide R R
Methanol U R
Methyl ethyl ketone U U
Motor oil and gasoline R R
Nitric acid, 40% U R
Phenol, 5% R R
Sodium hydroxide, 50% R R
Sulfuric acid, 75% R R
Toluene U R
Triethanolamine R R
Vinyl toluene U R
Maximum temperature, 8F/8C 220/104 230/110

R, recommended; U, unsatisfactory.

Source: From P.A. Schweitzer. 1998. Encyclopedia of Corrosion Technology, New
York: Marcel Dekker.
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2. Systems are available for indoor or outdoor installations.

3. The elastomeric quality of the systems provides underfoot comfort.

4. They have excellent sound-deadening properties.

5. They have excellent resistance to impact and abrasion.

6. They are excellent waterproof flooring systems for above-grade
light and heavy duty floors.

7. They are capable of bridging Cracks in concrete 1/16 in.
(1.5 mm) wide.

As with the acrylics, the urethanes are intended for protection against
moderate to light corrosion environments. Standard systems are effective at
temperatures of 10 to 1408F(K24 to 608C). High temperature systems are
available with a range of 10 to 1808F(K24 to 828C).
Refer to Table 10.11 for the comparative chemical resistance of urethane

and acrylic systems.
The acrylic and urethane systems have substantially different physical

properties. The acrylic flooring systems are extremely hard and are too
brittle for applications subjected to excessive physical abuse such as
impact, whereas, the inherent flexibility and impact resistance of the
urethanes offer potential for this type of application. Table 10.12 provides

TABLE 10.11

Comparative Chemical Resistance: Urethane vs. Acrylic Systems

Urethane

Medium, RT Acrylic Standard High Temperature

Acetic acid, 10% G G C
Animal oils G G N
Boric acid E E E
Butter G F N
Chromic acid, 5–10% C C C
Ethyl alcohol N N N
Fatty acids F F N
Gasoline E N N
Hydrochloric acid, 20–36% F C C
Lactic acid, above, 10% F C C
Methyl ethyl ketone, 100% N N N
Nitric acid, 5–10% G C F
Sulfuric acid, 20–50% G C C
Water, fresh E E E
Wine G G F

RT, room temperature; E, excellent; G, good; F, fair; C, conditional; N, not recommended.

Source: FromA.A. Boova. 1996. Chemical resistant mortars, grouts andmonolithic surfacings, in
Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker, pp. 459–487.
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physical and thermal properties for the acrylic and urethane flooring
systems.

10.8 Phenolic/Epoxy Novolac Coatings

In order to satisfy the need to provide a coating system that has ability to
bridge cracks and provide improved corrosion resistance, medium build
coating systems have been developed. The phenolic/epoxy novolac system
is capable of bridging cracks and providing outstanding corrosion
resistance.
One such system uses a low viscosity penetrating epoxy primer. Low

viscosity allow the primer to be used for areas that need a fast turnaround
by quickly “wetting out” the substrate. If surface deterioration or
preparation presents an unacceptably rough surface, the surface can be
smoothed further by using a pigmented, high solid/high build epoxy
polyamide filler/sealer.
For deep pits, the crack filler used is a two component epoxy paste

developed specifically for sealing and smoothing out applications
on concrete.
The crack filler can be used to fill and smooth hairline cracks, bug

holes, gouges, or divots when minimal movement of the substrate
is expected.

TABLE 10.12

Minimum Physical and Thermal Properties of Acrylic Monolithic Surfacing and
Urethane Monolithic Surfacings

Acrylics Urethanes

Property Monolithic Standard

High

Temperature

Tensile, psi (MPa) 1000 (7) 650 (5) 550 (5)
ASTM test method C-307
Flexural, psi (MPa) 2500 (17) 1100 (8) 860 (6)
ASTM test method C-580
Compressive, psi (MPa) 8000 (55) 2500 (17) 1500 (10)
ASTM test method C-579
Bond to concrete Concrete fails Concrete fails Concrete fails
Maximum temperature, 8F/8C 150/66 140/60 180/82

Source: From A.A. Boova. 1996. Chemical resistant mortars, grouts and monolithic surfacings,
in Corrosion Engineering Handbook, P.A. Schweitzer, Ed., New York: Marcel Dekker,
pp. 459–487.
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To provide maximum corrosion resistance a two component phenolic/
epoxy novolac coating can be used. The phenolic coating provides resistance
to high concentrations of acids, particularly to sulfuric acid at elevated
temperatures, Refer to Table 10.13 for the compatibility of phenolic with
selected corrodents.

TABLE 10.13

Compatibility of Phenolic with Selected Corrodents

Maximum Temperature

Chemical 8F 8C

Acetic acid, 10% 212 100
Acetic acid, glacial 70 21
Acetic anhydride 70 21
Acetone X X
Aluminum sulfate 300 149
Ammonium carbonate 90 32
Ammonium chloride, to sat. 80 27
Ammonium hydroxide, 25% X X
Ammonium nitrate 160 71
Ammonium sulfate 300 149
Aniline X X
Benzene 160 71
Butyl acetate X X
Calcium chloride 300 149
Calcium hypochlorite X X
Carbonic acid 200 93
Chromic acid X X
Citric acid, conc. 160 71
Copper sulfate 300 149
Hydrobromic acid, to 50% 200 93
Hydrochloric acid, to 38% 300 149
Hydrofluoric acid X X
Lactic acid, 25% 160 71
Methyl isobutyl ketone 160 71
Muriatic acid 300 149
Nitric acid X X
Phenol X X
Phosphoric acid, 50–80% 212 100
Sodium chloride 300 149
Sodium hydroxide X X
Sodium hypochlorite X X
Sulfuric acid, 10% 250 121
Sulfuric acid, 50% 250 121
Sulfuric acid, 70% 200 93
Sulfuric acid, 90% 70 21
Sulfuric acid, 98% X X
Sulfurous acid 80 27

The chemicals listed are in the pure state or in a saturated solution unless
otherwise indicated. Compatibility is shown to the maximum allowable
temperature that data is available for. Incompatibility is shown by an X.
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11
Corrosion Monitoring

It is essential for operators of industrial process plants to have a program for
controlling corrosion. For such a program to be effective, it should facilitate
safe operation of the process unit over its intended life and maximize
the economic return to the owner. To accomplish these objectives, a corrosion
control program should consider: characteristics (toxicity, flammability, etc.)
of the process; selection of construction materials; control of operating
conditions; addition of neutralizing or inhibition chemicals; and monitoring
to ensure that anticipated results are obtained.
Selection of construction materials almost always involves a compromise

between expensive and often hard-to-obtain alloys highly resistant to
corrosion by the process under any conceivable operating conditions and
less expensive, more available materials that are more susceptible to
corrosion. Often, a material can have acceptable resistance to a process at
design conditions but corrode at very high rates during process upsets.
Particularly in these cases, on-line monitoring and control of process
operating parameters and direct on-line monitoring of corrosion rates are
essential to an effective program. Several types of materials are often used in
conjunction in the construction of process facilities. For instance, corrosion-
resistant alloys are used in particularly susceptible equipment (heat
exchanger tubes, for example) with less expensive materials used elsewhere
in the process. It is, of course, essential that the behavior of various metals in
the anticipated operating environment be known in advance of selection.
whereas there is a vast array of available literature on the subject, laboratory
and field trials are often performed to verify theoretical predictions or tryout
new materials before a commitment is made to use them in the process unit.
Sometimes a less expensive material, that would otherwise be unac-

ceptable because of low corrosion resistance can still be the best choice when
used in conjunction with a chemical corrosion inhibitor injection system or
an anodic or cathodic protection system.
There are many operating and environmental parameters that can affect

the corrosion of a metal—changes in any that can greatly accelerate the
corrosion rate. Without early detection and accurate measurement of the
impact of these changes, costly and potentially hazardous damage can occur
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before corrections are made. Accurate and timely corrosion measurement
is, therefore, an essential part of almost all corrosion control programs.
The technology of corrosion detection and measurement has rapidly
advanced in the recent past, so today’s corrosion engineer has many proven
techniques available for both laboratory analysis and on-line monitoring
to devise and manage an effective corrosion control program for his (her)
particular plant process and environmental conditions.

11.1 Measuring and Monitoring Corrosion

As used herein, measurement of corrosion refers to any technique that can be
used to determine the effects of corrosion:

1. While the facilities are in operation

2. During shutdowns

3. While the laboratory analyses are performed outside the
process equipment

Monitoring refers to a special group of measurement techniques that are
suitable for use while the facility is in operation.
A comprehensive corrosion control program should include several

techniques because no single technique is capable of providing all the
information necessary in a timely manner. An overview of measurement
techniques is presented below with emphasis on those useful in practical
on-line monitoring.

11.1.1 Radiography

Radiography (x-ray) permits two-dimensional views of the piping or
equipment walls and is suitable for detecting major flaws or a severe
corrosive attack when results are compared to an earlier (or baseline) study.
Radiography is not suitable for detecting small changes in residual wall
thickness because of accuracy limitations. Radiography is a measurement
technique that requires specialized equipment and trained operators,
usually provided by contractor personnel, and is not currently used in
continuous on-line monitoring.

11.1.2 Ultrasonic Measurement

Ultrasonic measurement techniques are similar to radiography in that
specialized equipment is required, and they are almost exclusively used for
measurement rather than monitoring. There are several types of ultrasonic
equipment. A scan provides a simple depth measurement from the exterior
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surface of a pipe or vessel to the next interface that reflects sound waves.
Generally, this measures wall thickness, but A scan can be occasionally
fooled, by midwall pipe flaws. B scan instruments are much more powerful
because they produce cross-sectional images similar to x-rays. The C-scan
systems produce a three-dimensional view of a surface using complex and
expensive equipment. C-scan systems can be very useful for large, critical
surfaces such as aircraft skins, but they are much less commonly used in
process plants at this time because of cost, speed of coverage, and very large
quantity of data produced.

11.1.3 Visual Inspection

Visual inspection is rarely practical in a working process plant. However,
whenever an opportunity presents itself, full advantage should be taken of
it. Only through direct visual inspection can one be absolutely certain as
to the condition of a process unit. Consequently, during any turnaround
activities, internal visual inspection should be carried out to verify the results
of on-line monitoring programs, choose new locations for monitoring, etc.

11.1.4 Destructive Analysis

Destructive analysis is less practical than visual inspection but can be
important and should, therefore, be performed as often as possible. The
most common opportunity arises when piping is replaced for one reason or
another. Sections of the replaced piping can then be examined for evidence
of stress corrosion cracking (SCC), hydrogen-induced corrosion (HIC),
pitting, and any other unusual or unexpected corrosive activity.

11.1.5 Chemical Analysis

Chemical analysis is the monitoring of the chemical composition or
other chemical characteristics of the process fluids. Because corrosion is an
electrochemical phenomenon, chemical analysis can be a useful indicator
of corrosivity of the process. In water systems, for instance, pH and
conductivity are two parameters frequently monitored to give an indication
of corrosivity. Increases in concentrations of corrodents such as H2S or
CO2 can also be useful in determining corrosivity, but such measurements
require more complex equipment and are usually infrequently made.
Another technique that can be useful involves analyzing process streams

for the presence of corrosion products, e.g., the quantity of metal andmetallic
compounds. This type of analysis can yield a good estimate of the current
metal loss from corrosion.When comparedwith previous data, it can be used
to establish trends and approximate corrosion rates. Such data must be used
with caution, however. For instance, “iron counts” in fluid produced by oil
wells can be a good indicator of the amount of corrosion taking place on the
casing, tubing, and completion equipment. If iron is present naturally in the
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producing formation, however, information gained from such chemical
analysis will most likely be meaningless.

11.1.6 Coupons

Coupons are the oldest and simplest device used in the monitoring of
corrosion. Coupons are small pieces of metal, usually of a rectangular shape
that are inserted in the process stream and removed after a period of time for
study. The most common and basic use of coupons is to determine average
corrosion rate over the period of exposure. This is accomplished byweighing
the coupon before and after exposure (coupons must first be cleaned
following exposure to remove corrosion products and any other deposits)
and determining the weight loss. The average corrosion rate can easily be
calculated from the weight loss, the initial surface area of the coupon, and the
time exposed. It is advisable to leave a coupon exposed for at least 30 days to
obtain valid corrosion rate information. There are two reasons for this
recommended practice. First, a clean coupon generally corrodes much faster
than one that has reached equilibrium with its environment. This will cause
a higher corrosion rate to be reported in a short test than is actually being
experienced on the pipe or vessel. Second, there is an unavoidable potential
for error as a result of the cleaning operation. Coupon cleaning procedures are
designed to remove all of the deposits without disturbing the remaining
uncorroded metal of the coupon. A small amount of the underlying metal is
often removed with the deposits, however, and if the actual metal loss from
corrosion is small (as would be the case in a short test), the effect of metal
removed during cleaningwould create a significant error. Caremust be taken
to correct for this effect. It should be recognized that a coupon can only
provide corrosion rate data based on the total weight loss divided by the total
time of exposure. A major shortcoming of coupon monitoring is that high
corrosion rates for short periods of time may be undetectable and cannot
be correlated to process upset conditions. If more frequent information
on weight loss is desired, the use of electrical resistancemonitoring systems is
recommended. In many cases, it is also recommended that coupons and
electrical resistance (ER) probes be used in conjunction.
One of themost important roles of coupons is to provide information about

the type of corrosion present. Unlike ER probes that only detect the amount of
metal removed, coupons can be examined for evidence of pitting and other
localized forms of attack. It is also important to remember that coupons or
monitoring probes indicate the attack of the environment only at the point of
exposure. It is important, therefore, that the coupon or probe be installed at
representative locations as close as possible to critical points where corrosion
measurements are desired (e.g., vessel or pipewalls, tube sheets, trays, lateral
lines upstream to major tie-ins). Conditions of flow, temperature, concen-
tration, etc., may change considerably only a few inches away from any given
location with resulting differences in corrosion rates. Coupons suspended in
the center of a pipeline or vessel may corrode at different rates than coupons

Corrosion of Linings and Coatings536

CAT8247—CHAPTER 11—6/10/2006—12:56—SRIDHAR—XML MODEL B – pp. 533–547

www.iran-mavad.com 
 مرجع علمى مهندسى مواد



suspended near the wall of the vessel or pipe, for example. Since corrosive
conditions can significantly change fromone location to another, coupon data
is best used for relative comparisons (changes in the rate or characteristics of
corrosion over time at a single point) and to obtain an approximate corrosion
rate at a particular point in the system rather than to precisely calculate the
corrosion rate.
There are several other types of coupons available for specialized analysis.

These include disk coupons that can be mounted flush to the pipe wall;
ladder coupon holders for mounting coupons at several depths at the same
point in the piping; prestressed coupons that are for the investigation of
possible stress cracking mechanisms; and welded coupons that are used to
detect preferential corrosive action on weldments.

11.1.7 Hydrogen Probes

Hydrogen probes are used to detect the penetration of elemental hydrogen
into metal, pipe, and vessel. This can occur in cathodic reactions in acid
solutions, particularly in the presence of hydrogen sulfide. There are three
basic types of hydrogen probes. The simplest and most common consists of
a thin-walled carbon steel tube inserted into the flow stream with a solid
rod inside the tube forming a small annular space. Hydrogen atoms small
enough to permeate the carbon steel collect in the annular space and combine
to formmolecular hydrogen gas that is too large to pass back into the process.
As hydrogen gas collects, pressure builds in the annular space and registers
on a pressure gauge located outside the piping. “Patch probes” operate
identically except that the “patch” is sealed to the outside of the pipe or vessel
and collects hydrogen atoms that penetrate the pipe wall. The third type of
hydrogen probe is the palladium foil type that produces an electrical output
proportional to hydrogen evolution rate.
All three types of hydrogen probes provide useful information about

changes in the corrosive environment in processes where HIC is present or
could occur. If pressure is accumulating at a certain rate per day and then
increases by a factor of 10, this indicates a significant change that should
be addressed. Hydrogen probe readings, however, have not been found
to be suitable for direct determination of corrosion rate, only of changes in
the process, and it is recommend that they be applied carefully as part of
a complete corrosion control program in applicationswhereHIC is a concern.

11.1.8 Polarization Studies

Polarization studies have been primarily laboratory electrochemical tech-
niques to study corrosion phenomena, especially pitting, by disturbing the
natural corrosion potential of a system, frequently by substantial amounts
(a few volts compared with a few millivolts in linear polarization
measurements) and measuring the external current flowing. With advances
in computer technology, some of these systems are now being used in
the field. In the laboratory, the metal/fluid environment can be carefully
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controlled. Such control is more difficult in the field, and the technique
must be used more judicially there. A variety of methods and equipment
are used for such studies that are generally classified under the following
types:

Potentiostatic Potential held constant

Galvanostatic Current held constant

Potentiodynamic (a) Potential changed continuously at a specified rate

(b) Potential changed in steps and held constant at
each step

Galvanodynamic (a) Current changed continuously at a specified rate

(b) Current changed in steps and held constant at
each step (galvano staircase)

The potentials or currents applied with these techniques may make
irreversible changes to the metal-fluid interface because they may
substantially polarize the metal away from its natural state in the fluid
environment, generally preventing reuse of the test electrodes after one scan.
In common with all electrochemical methods, they can only be made in
sufficiently conductive media where the wetted electrode area is known.
Although corrosion rates can be estimated with this technique, it tends to be
less precise than linear polarization resistance (LPR) because of the high
polarization potentials required.

11.1.9 Electrical Impedance Spectroscopy

Electrochemical impedance spectroscopy (AC impedance) is a now well-
established laboratory technique used to determine the electrical impedance
of the metal–electrolyte interface at various AC excitation frequencies.
Impedance measurements combine the effects of DC resistance with
capacitance and inductance. In order to make impedance measurements, it
is necessary to have a corrosion cell of known geometry, a reference electrode,
and instrumentation capable of measuring and recording the electrical
response of the test corrosion cell over awide rate ofAC excitation frequencies.
Again, with the evolution of more rugged computers, some investigation
of this method is now being made in the field. AC impedance is capable of
characterizing the corrosion interface more comprehensively and with good
quality equipment specifications of achieving measurements in lower
conductivity solution or high-resistivity coatings. AC impedance measure-
ments can be used to predict corrosion rates and characterize systems under
study, and they are commonly used for performance studies of chemical
inhibitors and protective coatings to evaluate the resistance of alloys to specific
environments, etc.
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11.1.10 Electrochemical Noise

Electrochemical noise is a monitoring technique that directly measures
naturally occurring electrochemical potential and current disturbances
because of ongoing corrosion activity. It has the same media conductivity
limitations and requirement for a known electrode area as the other
electrochemical techniques. It is generally less quantitative than LPR for
corrosion rate calculations, and it is more useful in detection of transient
effects in marginally conductive situations. Laboratory and field interpre-
tation is still rather developmental. Its proponents claim this technique can
provide a large quantity of information that can be useful in determining
what is actually happening in real time with corrosion activity in the piping
or equipment being monitored. Detractors contend that there is, in fact, too
much information and especially analyze when there is a contact but
acceptable level of corrosion activity in the system or another source of
potential electrical disturbance in the system.
This technique may have merit as part of an on-site corrosion survey

conducted by specialists trained to interpret the data, but by no means is it
recommended as a permanent monitor or a substitute for other techniques.
The CORRATERw instruments operating in the “pitting index” or
“imbalance” mode provide a simple electrochemical current noise sample
that is useful as an indicator of pitting tendency or surface instability.

11.1.11 Electrical Resistance

Electrical resistance (ER) probes and instruments are basically “automatic
coupons” and share many characteristics with coupons, as discussed
above, when it comes to advantages and limitations. ER systems work by
measuring the ER of a thin metal probe. As corrosion causes metal to be
removed from the probe, its resistance increases. The major advantage of
the ER method compared to coupons is that measurements can be obtained
on a far more frequent basis and require much less effort to make. With
automated systems, continuous readings are, in fact, made, and sophis-
ticated data analysis techniques are now available that permit the detection
of significant changes in corrosion rate in as little as 2 h without generating
nuisance alarms.

11.1.12 CORROSOMETERw Systems

CORROSOMETER (ER) monitoring systems can be applied to all processes.
CORROSOMETER (ER) probe elements are available in a variety of styles. A
selection of the available styles is shown in Figure 11.1. Wire loop, tube loop,
and strip loop styles all have a loop of metal exposed to the process. The loop
protrudes from the end of the probe body through either a hermetic glass
seal or a Teflon/ceramic, Teflon/epoxy, or epoxy seal/packing system.
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Choice of materials is dependent on stream composition, process
conditions, and performance requirements. Cylindrical elements utilize
specially made, thin wall tubing as the measurement element. Cylindrical
probes are generally “all metal,” i.e., there is no other material exposed to the
process. There are, however, some cylindrical probes available that join the
probebody at a hermetic glass seal.Avariety offlush-mountedprobes are also
available, so called because the measuring element is mounted parallel to the
flow stream, flush with the inside pipe wall.
Some types of CORROSOMETER (ER) probes are better suited to the

requirements of particular applications than others. Where pitting or sub-
stantial iron sulfide (FexSy) deposition are expected to be problems, cylindrical
probes should be chosen over loop style probes if possible. It is possible
that wire loop and tube loop elements may be severed by a pitting attack,
necessitating probe replacement.Wire loop and tube loop elements also have a
tendency tobe electrically shortedby abridgeof iron sulfide corrosionproduct.
This is especially prevalent in low-velocity streams over an extended period.
The effect of such bridging is to reduce the measured metal loss of the probe,
creating a misleadingly low corrosion rate.
Cylindrical elements, on the other hand, are affected to a much lesser

degree by pitting because of the much larger circumference of the measuring
element. Cylindrical probes also demonstrate more resistance to iron-sulfide
bridging because of their construction and lower inherent resistance per unit
length, thus, minimizing the effect of the shunt resistance.
Most cylindrical probes are of all-welded construction in order to

eliminate the need for sealing metal elements to nonmetallic glass, epoxy,
or ceramic. This all-welded construction gives the probe superior resistance
to leaking. Probes with higher temperature ratings can also be constructed in
the all-welded style. A drawback to the all-welded style is that the element is
electrically connected to the pipe wall that can, under certain conditions,
interfere with the corrosion reaction on the probe. Also, because cylindrical
probes are welded, under some conditions, preferential corrosion can occur
in the heat-affected zones near the weld or end grain attack can occur.
Flush probe elements are thin, flat metal sections embedded in epoxy or a

hermetic glass seal inside a metal probe body. Flush probes also experience
certain characteristic problems, most notably lack of adhesion of the metal

Strip loop Tube loop Wire loop Cylindrical Atmospheric Flush end viewFlush end view

FIGURE 11.1
Selection of available CORROSOMETER probe element styles.
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element to the epoxy; cracking of glass seals because of differential expansion
in changing temperature environments; and erosion of the epoxy or glass
because of high velocities, abrasive materials in the flowstream, or both.
Flush ER probes mounted on the bottom of the line have been shown to
provide good results in a sour gas–gathering system.
Because the measurement element is part of the primary pressure seal

and because it is designed to corrode, ER probes have a reduced resistance
to leaking after prolonged exposure. Once the measurement element has
corroded through, the internals of the probe body are exposed to the process
fluid. Although materials are chosen in part for their strength and lack of
permeability, experience shows that process fluids will permeate throughout
the probe packingmaterials. For this reason, quality probes are constructed of
corrosion-resistant body materials and include an outboard pressure seal,
often consisting of a hermetic glass-sealed connector. Other sealing materials
are utilized in special cases, especially where process fluids will attack
glass (e.g., hydrofluoric acid service), and secondary seals are also used
in some probes, particularly when highly dangerous or toxic fluids are to
be contained.
The reference/check elements are protected from the process that the

measurement element is directly exposed to.
Because of the very low resistances involved, these changes can

significantly affect the metal loss. Temperature changes in the process
will, therefore, affect the measure element before the reference and check
element readings. ER probes incorporate special design features to
minimize the thermal resistance of the materials, insulating the reference
and check elements from the process. It should also be noted that
cylindrical probes are inherently better able to react to temperature changes
because of location of the reference and check elements concentrically
inside the measure element.

11.1.13 Linear Polarization Resistance

LPR is an electrochemical technique that measures the DC current (imeas)
through the metal–fluid interface that results from polarization of one or
two electrodes of the material under study by application of a small
electrical potential. Because imeas is related to icorr by a factor based on the
anodic and cathodic Tafel slopes that are relatively constant for a given
metal–fluid system, and because icorr is directly proportional to corrosion
rate, LPR techniques result in instantaneous corrosion rate readings. This is
a significant advantage over ER or coupon monitoring in that a series of
readings, over a period of time, is required to determine corrosion rate.
LPR measurements cannot, however, be made in nonconductive fluids or
fluids that contain compounds that coat the electrodes (e.g., crude oil). LPR
techniques are, therefore, used most commonly in industrial water systems.
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11.1.14 CORRATER Systems

CORRATER systems measure the instantaneous corrosion rate of a metal
in a conductive fluid using the LPR measurement technique. As described
earlier, corrosion is an electrochemical process where electrons are trans-
ferred between anodic and cathodic areas on the corroding metal resulting
in oxidation (corrosion) of the metal at the anode and reduction of cations
in the fluid at the cathode.
Sterns and Geary originally demonstrated that the application of a small

polarizing potential difference (DE) from the corrosion potential (Ecorr) of
a corroding electrode resulted in a measured current density (imeas) that is
related to the corrosion current density (icorr) by Equation 11.1:

DE

imeas
Z

ba bc
ð2; 303 icorrÞðbaCbcÞ ; (11.1)

where

baZanodic Tafel slope

bcZcathodic Tafel slope.

Because the Tafel coefficients are more or less constant for a given metal–
fluid combination, imeas is proportional to icorr that is proportional to the
corrosion rate. Equation 11.1 and the entire LPR technique are only valid
when the polarizing potential difference is very low (typically up to 20 mV).
In this region, the curves are linear, hence the term LPR. Inspection of
Equation 11.1 shows that the result is a resistance, the polarization resistance,
Rp. Strictly speaking, there are both anodic and cathodic Rp values that can
differ, they are usually assumed to be equal. The resistance to current flow
between anode and cathode on the LPR probe is the sum of both polarization
resistance values and the resistance of the solution between the electrodes
(Rs) as shown in Equation 11.2:

DEZ imeasð2RpCRsÞ (11.2)

From Equation 11.1 and Equation 11.2, obtaining results from the LPR
technique would seem to require only instantaneous readings of resistance.
In practice, however, the determination of polarization resistance is
complicated by a capacitance effect at the metal–fluid interface (double-
layer capacitance). Figure 11.2 is an equivalent electrical circuit of the
corrosion cell formed by the measuring electrodes and the fluid, showing
the importance of Rs and double-layer capacitance effects. The effect of
the double-layer capacitance is to require the direct current flow to initially
charge up the capacitors, resulting in a decaying exponential current
flow curve vs. time, after application of the polarizing potential difference.
A typical LPR current vs. time curve is shown in Figure 11.3. Each metal–
fluid interface has its own characteristic capacitance that in turn, determines
the amount of time required to obtain valid measurements of icorr and
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corrosion rate. The actual time required can vary from a few seconds up
to 20 min, depending on the metal–process combination being measured.
Choosing too short a polarization time can result in current readings much
higher than the true icorr, thus, causing measured corrosion rate to be lower
than actual, sometimes by a significant amount.
Solution resistance can also have a significant effect on accuracy if it is

relatively high compared to the polarization resistance. In most industrial
water applications, conductivity of the solution is high and solution resis-
tance is low compared to the polarization resistance, so imeas is an accurate
measure of polarization resistance and, therefore, corrosion rate.

RP RP

RS

Cdl Cdl
Test electrode

Auxiliary electrode

Reference electrode
(where used)

FIGURE 11.2
Equivalent circuit of LPR probe.
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Type LPR current vs. time decay curve.
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A serious problem develops, however, when the solution resistance
increases or the polarization resistance decreases enough to make the
solution resistance a significant portion of the total resistance to current flow
between the electrodes. In these cases, the accuracy of the LPR measurement
is affected.
This situation tends to occur at high corrosion rates (low polarization

resistance) and in solutions with low conductivity (high solution resistance)
and is manifested by the indicated (measured) corrosion rate being lower
than the actual corrosion rate. The graph in Figure 11.4 shows the effect of
this limitation on the recommended operating range of LPR instruments.
Several techniques have been used over the years to minimize the impact of

solution resistance on LPR measurements. The most common technique
involved the use of a three-electrode probe. The effectiveness of the reference
electrode in reducing the effect of solution resistance has been shown
to be dependent on the proximity of the reference electrode to the
measurement electrode.
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FIGURE 11.4
Operating range of LPR instruments: corrosion rate vs. solution conductions.
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A better way to deal with this problem, however, is to directly measure
and compensate for the solution resistance. In this method, a high-frequency
AC voltage signal is applied between the electrodes short-circuiting
Rp through the double-layer capacitance, thereby, directly measuring the
solution resistance. The state-of-the-art, patented SRC technology also
eliminates the need for a third electrode, even in low-conductivity solutions.
Consequently, the two-electrode probes have become the standard with
the three-electrode probe available on special order only. The above points
are clearly indicated in ASTM Standard Guide G96 that states:

3.2.8 Two-electrode probes and three-electrode probes with the
reference electrode equidistant from the test and auxiliary
electrode do not correct for effects of solution resistance without
special electronic solution resistance compensation. With high
to moderate conductivity environments, this effect of solution
resistance is not normally significant.

3.2.9 Three-electrode probes compensate for the solution resistance Rs
by varying degrees depending on the position and proximity of
the reference electrode to the test electrode. With a close-spaced
reference electrode, the effects of Rs can be reduced up to approxi-
mately ten-fold.Thisextends theoperatingrangeover thatadequate
determination of the polarization resistance can be made.

3.2.10 A two-electrode probe with electrochemical impedance measure-
ment technique at high frequency short circuits the double-layer
capacitance. Cdl, so that a measurement of solution resistance Rs
can be made for application as a correction. This also extends the
operating range over which adequate determination of polari-
zation resistance can be made.

11.2 Comparison of CORROSOMETER (ER) and CORRATER
(LPR) Measurement Techniques

The CORROSOMETER (ER) and CORRATER (LPR) techniques are both
extremely effective corrosion monitoring methods. The choice of which is
better is dependent on the application. The principal attributes and limita-
tions of each are briefly summarized below:

1. CORRATER systems require a sufficiently conductive liquid;
CORROSOMETER systems are suitable for all environments.

2. CORROSOMETER systems measure metal loss directly, and their
accuracy is comparable to the coupon method. CORRATER systems
determine corrosion rate based on electrochemical theory and
depend on average calibration constants to determine corrosion rate.
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3. CORRATER systems measure corrosion rate virtually instan-
taneously. CORROSOMETER systems measure metal loss so that
corrosion rate must be determined over a period of time, usually
a few hours to a few days.

4. CORRATER systems supply pitting tendency information; COR-
ROSOMETER systems do not at this time.

11.3 Applications Suited to CORRATER (LPR) and
CORROSOMETER (ER) Techniques

Because of their intrinsic properties, CORRATER and CORROSOMETER
systems are generally used in different applications. Occasionally, both are
used to obtain complementary information; however, application require-
ments will usually dictate the choice of one or the other.
The following are the principal uses of and applications for CORRATER

products:

1. Control of inhibitor addition in water systems
a. For control of injection to minimize corrosion rises
b. Evaluate different inhibitors and optimize their effectiveness
over time

2. Evaluation and prescreening of inhibitors in the laboratory before
field trials

3. Cooling towers—to optimize inhibition control, detect process
leakage or oxygen activity and microbiologically-induced
corrosion effects on the alloys of construction

4. Oil field waterfloods—to protect the injection equipment, particu-
larly from oxygen ingress

5. Oil field drilling mud—to control inhibitor additions

6. Geothermal systems—to monitor the condition of produced brine
and changes occurring before reinjection

7. Desalination systems—to monitor water quality

8. Process waters, scrubbers—to detect particularly corrosive
contaminants

9. Evaluation of various alloys to solve material selection options,
particularly in pilot or full-scale plant environments

10. Potable water systems—to test effectiveness of inhibitors and
corrosiveness of biocides

The CORROSOMETER has much broader application and can be used in
any medium, specifically
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1. In oil and gas production

2. In gas sweetening, storage, and transportation systems

3. In refineries and petrochemical plants

4. In inhibitor evaluation/optimization programs

5. In power plants—for cooling water, feedwater, and scrubber
systems. In bag houses and stacks for special function such as
dew point alarming in flue gas systems

6. In chemical processes

7. In cathodically protected systems

8. In air-cleaning systems in control rooms

9. In paper mills or other plants with a volatile inherently corrosive
process stream
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Index

A

Absorption, 292–293, 380, 385
Acrylic paints, 488–489
Adhesion of paint film, 477–478
Adsorption, 55, 60–61
Alkyd resin paints, 493–494
Aluminum anodes, 48
Anodic undermining, 480
Anodized coatings, 457–459
Auxiliary anodes, 50–51

B

Bisphenol A fumurate polyester linings,
159–164

Buna N, see nitrile rubber sheet linings
Butyl rubber sheet linings, 310, 315–318

C

Cathodic delamination, 480
Cathodic sputtering, 419–420
Cement coatings, 509–513
Chemical analysis, 535–536
Chemisorption, 55, 61–62
Chlorinated polyvinyl chloride sheet linings,

345, 354–357
Chlorinated rubber paints, 488
Chlorobutyl rubber sheet lining, 325, 331–332
Chlorosulfonated polyethylene, see Hypalon
Chlorosulfonated polyethylene sheet lining,

110, 111, 117–120, 314, 318–322
Chlorotrifluoroethylene, 134, 138, 143–146
Chlorotrifluoroethylene sheet lining, 386, 390,

394–398
Chromate coating, 455–457
Chromium coatings, 427–429
Coupon teste, 536–537

D

Destructive analysis, 535
Diffusion coating, 420

Duplex nickel coatings, 424–425

E

ECTFE, see Halar, chlorotrifluoroethylene
sheet lining

EHMWPE, see polyethylene sheet lining
Elastomeric sheet linings, 295–342
Electrical impedance spectroscopy, 558
Electrical resistance, 539
Electrochemical noise, 539
Electroless plating, 418
Electrophoretic deposition, 418–419
Electroplating, 417–418
Environmental stress cracking, 293
EPDM, see ethylene propylene sheet lining
Epoxy ester paints, 493
Epoxy mortars and grouts, 4–7
Epoxy paints, 490–491
ETFE, see Tefzel, ethylene tetrafluoroethylene

sheet lining
Ethylene propylene rubber sheet lining, 328,

331–356
Ethylene tetrafluoroethylene, 386, 390–394
Explosive bonding, 421
Extenders, see fillers

F

FEP, see fluorinated ethylene propylene sheet
lining

Filiform corrosion, 481–482
Fillers (of organic coatings), 468–471
FKM, see fluoroelastomers
Flame and plasma spraying, 420
Fluoroelastomer rubber sheet lining, 336,

338–343
Fluorinated ethylene propylene linings, 121,

125, 130–133, 367, 379–388
Food container coatings, 429–431
Furan mortars and grouts, 7–9
Fluoroelastomer linings, 142, 146–151
Fusion bonding, 421
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G

Galfan, 448–451

Galvalume coatings, 438, 448–451

Gas plating, 421

Gold coatings, 432

Grouts, 3–16

inorganic, 13

organic, 3–13

H

Halar, 134, 138, 143–146

Halar sheet linings, see chlorotrifluoro-

ethylene sheet linings

Halogenated polyester linings, 164, 167–171

HMWPE, see polyethylene sheet linings

Hot dipping, 420

Hydrogen probes, 537

Hydrogenated Bisphenol A fumurate

polyester linings, 165–167

Hypalon, 110, 111, 117–120

Hypalon sheet lining, see chlorosulfonated

polyethylene sheet lining

I

Inhibitor classification, 57–59

organic, 58–59

passivation, 57–58

precipitation, 59

Inhibitor efficiency, 62–63

Isophthalic polyester linings, 147, 151,

155–159

Isoprene, 306

K

Kynar, see polyvinylidene fluoride

L

Lead coatings, 431–432

Linear polorization resistance, 541

Lining, coal tar, 97, 102–103, 106–107

Lining, coal tar epoxy, 97, 104–105

Linings, epoxy, 85–92

Lining, epoxy polyamide, 93, 102–103

Lining, furan, 88–97

Linings, neoprene, 107, 109–114

Linings, phenolic, 84–85, 87

Linings, plastisol, 116, 120–125

Linings, polysulfide rubber, 110, 115–116

Linings, urethans, 103, 105, 108–109

Linings, vinyl ester, 93, 98–101

Liquid applied linings, compatibility of with

selected corrodents (table),

175–286

M

Manganese coatings, 452
Magnesium anodes, 48–50

Metal cladding, 421

Microcracked chromium coatings, 428

Nonnoble coatings, 435–440

Monolithic surfacings, 2, 16–42

chemical resistance of, 37–40

Mortars, 2–16
corrosion resistance of, 17–34

inorganic, 13

organic, 3–13

N

Natural rubber, 296–309

NBR, see nitrile rubber sheet linings

Neoprene sheet linings, 309–314
Nickel coatings, 423–426

Nickel-iron alloy coatings, 426–427

Nitrile rubber sheet linings, 356–358

Noble coatings, 421–423

O

Organic coatings, 459–469

composition of, 461–469
Oxide coatings, 457

P

Paint, 487–501

Paints, composition of, 461–471

additives, 469

fillers, 468–471

pigment, 467–468
resin, 461–467

solvent, 469–470

Paint failure, causes of, 482–484

Paint film deterioration, 476–477

Paint selection, 496–499

Perfluoroalkoxy linings, 121, 126–129

sheet linings, 385–386, 390
Permeation, 290–292, 375, 380, 385

PFA, see perfluoroalkoxy

Phenolic coatings (linings), 84–85

Phenolic mortar and grout, 9–10

Phosphate coating, 454–455

Pigment component (of organic coating),

467–468

Corrosion of Linings and Coatings550

CAT8247—Index—6/10/2006—12:59—SRIDHAR—XML MODEL B – pp. 549–551

www.iran-mavad.com 
 مرجع علمى مهندسى مواد



Polarization studies, 537–538
Polyester elastomer sheet lining, 322, 325, 326,

329–330
Polyester mortars and grouts, 10–12
Polyethylene sheet lining, 362, 367–375
Polypropylene sheet lining, 353, 357,

363–366
Polyvinyl chloride sheet lining, 345–353
Polyvinylidene chloride sheet lining,

398–402
Polyvinylidene fluoride linings, 147, 152–155
Polyvinylidene fluoride sheet linings, 345,

353, 358–361
Portland cement coatings, 512–513
PTFE linings, 125, 129, 134–138
PTFE sheet linings, see tetrafluoroethylene

sheet linings
PVC sheet lining, see polyvinyl chloride sheet

lining
PVDF, see polyvinylidene fluoride
PVDF sheet lining, see polyvinylidene sheet

lining

R

Radiography, 524
Recommended paint systems based on

environment
acidic chemical exposure (pH 2.0–5.0), 506
exposure to mild solvents, 507
extreme pH exposure, 507
fresh water exposure, 503
fresh water immersion, 506
mild exposure, 499
neutral chemical exposure (pH 5.0–10.0),

506
normally dry interior, 499, 503
salt water exposure, 505
salt water immersion, 506–507
temporary protection, 499

Resin component (of organic coatings),
461–467

S

Sacrificial anode, 14, 47–51
Sacrificial metal coatings, 413, 436–440
Saran, see polyvinylidene chloride sheet

linings
Scrap iron anodes, 50–51
Sheet linings, 287–402

design considerations:
absorption, 292–293

environmental stress cracking, 293
permeation, 290–292

Sheet linings, cause of failure, 294–295
High temperature protective oxides,

see protective oxides
(high temperature)

Silicate cement coatings, 510–512
Silicate mortars, 15–16
Silicone linings, 171–174
Silicone paints, 494–495
Solef, see polyvinylidene fluoride
Sulfur mortars, 14–15

T

Teflon, see PTFE
Tefzel linings, 134, 139–192
Terneplate, 432
Tetrafluoroethylene sheet linings, 367,

375–379
Thermoplastic sheet linings, 393–402
Tin coatings, 429–431
Tinplate, 429–431
Trinickel, 424

U

Ultrasonic measurements, 534–535
Urethane paints, 491–492
Urethane rubber sheet linings, 318, 322–325

V

Vacuum and vapor deposition, 420
Vehicle binder, see resin component
Vinyl ester mortar and grouts, 12–13
Vinyl eater novolac mortars and grouts,

12–13
Vinyl ester paints, 492
Visual inspection, 535

W

Water emulsion paints, 494

Z

Zaluite, see Galvalume coatings
Zincalume, see Galvalume coatings
Zinc, 15% aluminum thermal spray, 451
Zinc anodes, 48
Zinc-iron coatings, 451
Zinc rich paints, 495–496
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