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Abstract
Corrosion protection solutions are being widely

used in electric power plants equipped with Flue Gas
Desulfurization (FGD) systems. Organic lining
materials are one of many solutions available on the
market for corrosion protection. This market segment is
found in a continuous development in order to fulfill
the severe demands of these materials. The main goal
of this test is to obtain information about the high
temperature resistance of the materials as occurs when
the FGD system is by-passed. After initial investigation
of this market segment only a few lining materials were
found compatible according to their manufacturer data.
Seven of these materials were installed in the outlet flue
gas duct of the Israeli power station M.D. "B". This
power station is not equipped with a FGD system, thus
it gives a real simulation of the environmental
conditions into which the lining material is subjected
when the FGD system is by-passed. The materials
installation was observed carefully and performed by
representatives from the manufacturers in order to
avoid material failure due to a non adequate
application. The power station was shut down and the
lining materials were inspected three and a half months
after the lining materials were applied. The inspection
results were good and besides changes in the lining
color, most materials did not show any damages.
During that time the flue gas temperature at the duct
was 134°C except some temperature fluctuations.

Introduction
Air pollution become one of the main problems of

the modern society. Electrical power plants are one of
the main causes for air pollution. The rising awareness
of this problem and international regulations made
many utilities to install Flue Gas Desulfrization (FGD)
systems. These systems reduce the sulfiir emission to
the atmosphere to an acceptable level by scrubbing the
flue gas with a low pH solution. However, these
systems change the flue gas characteristic and subject
the whole system like ducts and stack liner to a severe
corrosive environment. The market offers different
solutions which can be divided into three main groups:
Metallic, ceramic, and organic lining. Metallic
solutions are very good but relatively expensive.
Ceramic solutions provide good corrosive protection
and they are suitable especially in an environment
subjected to a very high temperature. However, most of
the ceramic solutions are not suitable for coating stacks
higher than 150 meter and they have suffered from
different faults such as stack leaning and acid
penetration. Organic solutions provide a very good

corrosion protection relative to their price, however
most of them are sensitive to elevated temperatures.

The rising awareness of air pollution in Israel
caused Israel Electric Corporation (IEC) to inspect
different FGD solutions and different coating systems
for the ducts and stack liners in new planned power
plants and for retrofits. The importance of constant
supply of electric power within Israel and the lack of
other energy sources caused the designers to enable the
possibility to by-pass the new system. The result of this
design is that the stack liner and part of the ducts can
be subjected to operating temperatures of 70°-90°C
when the FGD system is operating and higher
temperatures of 115°-160°C when the FGD system is
by-passed. These two operating modes require a coating
solution which can withstand both working
environment. IEC found organic coating materials to be
most attractive due to their relatively low price, their
good corrosion resistance characteristic, and their
suitability for installation in old power plants. However,
the materials sensitivity to high temperatures
encouraged IEC to make further investigations. A
market survey was made and the different solutions
were classified according to their manufacturer data
sheets. The materials with the best characteristics
according to the data sheets were subjected to different
laboratory tests. The final step was to test the materials
found to be most suited in the flue gas outlet duct of a
coal fired power station without a FGD system - M.D.
"B" power station, unit 5. The materials were installed
during the maintenance shut down during the autumn
of 1996.

The Test Goal
The main goal of this test is to obtain information

about the high temperature resistance of a few lining
materials. Some secondary goals are to learn about the
different installation requirements, and how they can be
implemented.

Surface Preparation
A proper surface preparation might be the most

important step for obtaining a lining system with a long
service life. This may involve grinding of welds, grit
blasting and cleaning of the surface to be coated. Welds
grinding is required wherever there are pitting, tube
worms or welding sputter. Some areas also contained
tubercles, which are pitting with bacteria underneath
and corrosion products on top.

Environmental Condition
Environmental conditions during the surface

preparation and lining application have an influence on
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the lining success. The environmental conditions
during the material application were as follows:
• Air temperature 25.4°C
• Relative humidity 34.6%
• Surface temperature 21.3°C
• Dew point temperature 10.5 °C
These environmental conditions were acceptable by all
lining manufacturers.

Grit Blasting
Cleaning the ducts metallic surface was done by grit

blasting a J-blast, grade supa with grain size of
0.2 - 1.5 mm. A cleanliness standard of SA 3.0 was set
as goal as well as a surface profile of 75 - 100 urn.
However, because of the short time available it was
obtained only in one case where SA 3.0 was required.
All the other surfaces were grit-blasted to grade SA 2.5
according to ISO 8501-1:1988, and to a surface
roughness of about 75-80 ^m.

Welds and Surface Defects
The blasted surfaces were visually inspected after

grit blasting of the metal and before the application of
the lining materials. It was found that sharp edges and
pinholes existed in the welded area and defects such as
pinholes, pits, blind holes, porosity, undercutting and
other similar depressions were found on the metal
surface. This problem was solved in different ways by
the different applicators. A few of them grind the area
and asked IEC to repeat the grit blasting, others just
applied a thicker lining layer in the welding area. The
differences in the actions taken by the applicators
indicate that in a real installation it is essential that the
contractor takes the responsibility for the surface
preparation and not the company who hired him like in
this test. This is important in order to avoid any claims
from the applicator that a poor lining performance was
the result of a poor surface preparation which he was
not responsible for.

Cleaning of the Surface
There has been a growing awareness in recent years

that surface contaminants may be a source for lining
failure. It is believed that grit blasting of the surfaces
will not remove all contaminants that can cause coating
failure. Unfortunately, there are many types of
contaminants that can be found on a steel surface even
after the grit blasting. They can normally be divided
into water soluble contaminants and contaminants not
soluble in water. The presence of water soluble
contaminants was controlled by measuring the
concentration of chloride and ferrous salts. The
Merckoquant test was used for the detection of ferrous
ions Fe2+ The results indicated a concentration of
20 ppm which is acceptable. Fe3+ is also possible to
detect but this is only recommended if high
concentration of Fe2+ is found and that was not the
case. The Quantab chloride titrator (KTA SCAT Kit)
was used for the determination of the chloride ion
concentration, which was found to be smaller than
5 nm/cm2 (the acceptable concentration). These values
were obtained both before and after grit blasting.

pH-Measurements
It is important to obtain the pH level at the surface

in order to reveal acidic products which can cause
corrosion. The pH-measurement procedure was as
follows: a 10 cm2 large area of the metallic substrate
was swabbed by a cotton ball which was previously
immersed in water. The ball was extracted after
swabbing the wall and then placed into a plastic cap.
The pH level in the cap was measured by dipping a
lacmus strip into the extract and the resulting color was
compared with that on the color scale included with the
paper. The test result was pH 7 which indicated an
acceptable acidity for all lining systems and that no
further cleaning was necessary.

Coating Materials Application
Seven different coating materials were applied in

the test on a carbon steel duct surface. Each material
was applied on an area of up to 10 m2. Following is the
application description of the different materials.

Material "A"
Material "A" is an elastomeric coating being

applied by an airless spray on a surface blasted to SA
2.5. The final lining thickness should be 750 microns
and require the application of up to 6 layers by an
airless sprayer. The application requirements were
achieved by four layers resulting in a black coating of
700 microns average overall thickness. The material
final drying time was 4 to 5 days at 24CC. According to
the manufacturer the material can withstand 177CC of
dry temperature and a discontinuous temperature of
260°C for maximum 4 hours.

Material " B "
Material "B" is a flake-filled vinyl ester resin based

lining system. The lining consists of two base coats and
one top coat, resulting in 1.2 mm dry film thickness.
The surface is blasted to SA 2.5 prior to the application
of a primer, followed by the application of three
protective lining layers by an airless sprayer, of 380 bar
working pressure. The coating layers differ by their
color and were applied with twenty four hours interval.
According to the manufacturer the material can
withstand 180°C of dry temperature and a
discontinuous temperature of 260cC for maximum 6 to
8 hours.

Material "C"
Coating material "C" consist of closed cellular

blocks made of 100% borosilicate glass. The blocks are
being attached to the substrate by an adhesive urethane
asphalt mastic and require surface preparation by grit
blasting to SA 2.5 followed by the application of a
primer layer. The blocks size is 152x229 mm and they
can be cut by a saw according to the field requirements.
Two block types are available, 38 mm block and 50 mm
block, the latter has a higher resistance to temperature
shock. Both blocks types were applied in this test.
According to the manufacturer the material can
withstand 22O°C of dry temperature with excursions up
to 370°C.



Material " B "
Material "D" is a vinyl ester resin filled with mica

and silicon carbide. The lining is applied by spraying
two to three layers in order to achieve a thickness of
1000 (xm. The material application is very sensitive to
the surface preparation and requires a SA 3 surface
with a surface profile of 100 |am. According to the
manufacturer the material can withstand 193°C of dry
temperature and a discontinuous temperature of 238°C
for maximum 72 hours.

Material "E"
Material "E" is a combination of an inorganic

polymer and an organic polymer, which gives it a
relative high cross-link density with high flexibility.
The material is applied on SA 2.5 blasted surface by
spraying two layers in order to achieve a lining
thickness of 305 [im to 355 (am. The influence of bad
welding on the lining performance was reduced by strip
coating the welds area by using a brush. According to
the manufacturer the material can withstand 250°C of
dry temperature and a discontinuous temperature of
260°C.

Material " F "
Material "F" is a GRP lining based on different

types of glass reinforcements and a novolac based vinyl
ester resin. The lining consists of three glass
reinforcements layers and was applied at site on a
SA 2.5 grit blasted metal. According to the
manufacturer the resin material (the weakest link) can
withstand 190°C when cured for 24 hours at 200°C or
220°C when cured for 24 hours at 230°C.

Material "G"
Material "G" consists of Glass Reinforced Plastic

(GRP) plates using screws, nuts, and a novolac based
vinyl ester resin as a joining material. The plates are
shop fabricated and their size is adjusted according to
the project requirements. The plates are connected to a
non blasted metallic surface by means of screws and
nuts by drilling in the metal and making threads in it.
After connecting the plates the gaps between them are
covered with glass reinforcement and resin. They are
curved into a special shape keeping them at a distance
from the wall in order to allow gas diffusion. Test
plates of 1000X500 mm were applied and they covered
an area of 2 m2. The installation of this corrosion
solution does not require any surface preparation

Working Temperature
A few days after the lining materials were installed

the power station was restarted. Forty hours after
startup the gas temperature at the duct was 143°C,
showing a stable linear temperature increase of 2.9°C
per hour with some fluctuations. After that, the average
working temperature was lowered to 134°C followed by
temperature fluctuations from 122°C to 150°C.
However, during that time there were few radical
changes. Once the temperature increased to 163°C and
after this peak it fell during one day and a half to 40°C.
Another time the temperature fell down to 95°C

followed by an increase to 150°C. This change
happened twice during one day. During the shut down
of the power station the temperature fell to 40°C during
one day. A few days later it reached ambient
temperature.

Initial Test Results
Three and a half months after the lining materials

were applied the power station was shut down and the
materials were inspected for the first time. The lining
passed a visual inspection in order to check any
possible color change and delamination; a thickness
test according to ASTMD 1186 using Elcometer 2000;
and hardness test according to ASTM D 3363 using
some pencils leads with different hardness ([softer] F, H,
2H, 3H, 4H [harder]). Table 1 summarizes the test
results. In general most of the materials did not show
any signs of delamination, cracking or any other kind
of damage except material "C". Some holes were
detected in the blocks of material "C", thin cracks were
also detected in the interface between the blocks and
the adhesive. In general poor adhesion was detected
between the blocks and the adhesive material.

Table 1: Lining materials test results after 3.5 months.
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Test
Color(1)

Before
After

Black
Dark-gray

Light green
Dark-gray

Black
Black

Gray
Gray-black

White
Dark-brown

Dark-brown
Dark-brown

Dark-brown
Dark-brown

Thickness [^m](2)

min.

475

1250

-

1000

325

-

-

avg.

626

1444

-

1074

394

-

-

max.

675

1600

-

1200

500

-

-

hardness
(3)

< F

>4H

-

>4H

>4H

>4H

>4H

Notes:
1. The lining color is described "before" the power station operation

(after lining installation), and "after" operation.
2. Each lining thickness was measured at 17 different positions.
3. The pencils leads complete hardness scale from the softest lead to

the hardest as follows: 6B, 5B, 4B, 3B, 2B, B, HB, F, H, 2H, 3H,
4H, 5H, 6H.

Conclusions
The results we present show that the materials were

successfully installed and can withstand a temperature
of 134°C continuously for a few months, but it is too
early to conclude anything about the long time
behaviour of the materials. As for the material "C" we
can not explain the defaults we found or determine
whether this lining is suitable or not for this
application. Further inspections will provide a valuable
information of the long time behavior of material "C"
and the other solutions for corrosion protection.
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