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A lot of parts in FGD (Flue Gas Desulphurization) systems of fossil-fuel power plants show the environments
in which are highly changeable and extremely acidic corrosive medium according to time and locations,
e.g. in duct works, coolers and re-heaters etc.. These conditions are formed when system materials are
immersed in fluid that flows on them or when exhausted gas is condensed into thin layered medium to
contact materials of the system walls and roofs. The environments make troublesome corrosion and air
pollution problems that are occurred from the leakage of the condensed solution. The frequent shut-down
and repairing works of FGD systems also demand costs and low efficiencies of those facilities. In general,
high corrosion resistant materials have been used to solve this problem. However, even the super alloys
and Teflon linings sometimes have not been good enough to preventing corrosion. Further more, they are
expensive and not easily repairable in short periods of operation stops. In this work, new technology that
is effective, economical and easily repairable has proposed to solve the corrosion problems in FGD facilities.
This technology contains cathodic protection, coatings and remote monitoring-controlling systems.
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1. Introduction

The exhausted flue gas from the fossil-fuel power sta-
tions contains usually many contaminated species. Sul-
phur-content has been strictly controlled from the FGD
systems installed in almost all fossil-fuel power plants in
Korea. From the processes to minimize the content of
sulphur contaminations in exhausted gas, high corrosive
environment including sulphuric acid can be formed in
some parts in FGD systems and severe corrosion damages
are reported in those areas (Fig. 1). A special kind of CP
(Cathodic Protection) system has been developed and
tested in a real scale of FGD system. This CP system
is one of the economical technologies that can effectively
prevent corrosion of plant, from the merits of easy main-
tenance and being replaced by expensive stainless steels
or super alloys. This system consisting of coating tech-
nology, the design technology of CP and a communication
technology has shown excellent corrosion control per-
formances in FGD system. However, coatings were pecled
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off and cracked in some parts of facility that exceeded
the service temperature of coating, which made protection
currents wasted and made CP control difficult. Therefore,
it was needed for the service temperature of coating to
be increased in the environment of extremely acidic solu-
tion. This paper is intended as an investigation of im-
provement in heat resisting performance of coating for
FGD system as well as a brief explanation about the new
type of CP system applied in a real-scale FGD system.

2. The CP system for FGD facilities

Fig. 2 and Fig. 3 show the structures of CP system and
electrodes used in this study. This system has been under
evaluation of its performance since it was applied to 900

m’ in one unit of real-scale FGD system, and the study
of its optimization has been carrying out. Even though
the solution in this environment includes a highly con-
centrated sulphuric acid, Anodic Protection can not be
applied instead of Cathodic Protection. The main reason
is that it is almost impossible to draw the exact condition
to produce passive film on the metals of whole area in
this system. It has the environment that is highly variable
quantities and concentrations of the condensed solution in
the form of thin layer. The temperature of this system
is also highly variable by times and locations. The aims
of applying this CP system are (1) to monitor the corrosion
status of facilities using communication technology remo-
tely in real time, (2) to prevent corrosion of the metals
under the damaged coating area with protection current,
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(3) to make it easy to repair the corrosion damaged FGD
system in a short period of overhaul (4) eventually to
decrease construction and maintenance costs of FGD
system.

3. The effectiveness of CP system

Table 1 indicates the composition of condensed solution
in Cooler of FGD system in which the newly developed
CP systems are installed.” The solution has pH-1, sulp-
huric acid concentration of about 20% and chloride ion
concentration of above 2,500 ppm in ambient tempe-
rature.” However, when the temperature increases above
the boiling point, it's really impossible to measure the
activities of the species in the solution. Corrosion rates
of several metallic coupons are shown in Fig. 4 that were
exposed for 92 days in this environment. The corrosion
rate of carbon steel is 33 mm/yr, and it seems not
reasonable to use it as a construction material in this
environment.

Fig. 5 shows the software that monitors and controls
through the internet the CP system installed in the FGD
system of commercial power plant. In order to see the
performance of CP system, protection currents and pro-
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Fig. 4. Corrosion rates of several metallic coupons in FGD system

tection potentials were visualized by the computer simu-
lation when a coating flaw was introduced into outlet hood
of Cooler(Fig. 6). This zone was originally made of super
alloy clad(1 mm) on carbon steel(6 mm). The CP system
and coating were applied to carbon steels of this zone,
after the damaged clad materials by corrosion were re-
moved. It is obvious from the Fig. 7 that the surface of
carbon steel exposed by the coating failure (25 cm length,
10 cm width) was not damaged at all by corrosion after

Table 1. The composition of condensed solution in Cooler of FGD system

Chemicals SO~ F cr Ni Cr Fe Cu Co Mo Mg
CO“(CI:;‘/{Z)‘“"“ 206800 505 2478 466 ‘ 439 1060 0.945 2.68 3.99 21.6

2246 0546 1246 0216 0916 1616 2315 0615 1345
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Fig. 5. Monitoring and controlling software of CP system installed in the FGD system
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service in no less than 6 months.
-6.25000c+003
-6.36364e+003

4. The needs for coating properties

-6.47727¢+003
'6.59091e+003

The purposes of using coating in this CP system are

-6.70455¢+003

6.81910¢4003 that firstly it protects metals under coating by separating
59316264003 them to acidic solution, and secondly it provides the rich
a0 paths of protection current to reach farther coating dama-

Do ges, otherwise most of the current would be consumed

near the anodes from the fact that even though the solution

-7.27273e+003
-7.38636e+003

-7.50000e4003 of the FGD systems has a very high conductivity (>80

o mS/cm), it forms very thin layer of fluid with a ?jgh

:w‘m?-ﬂ electrical resistance. Furthermore, thousands A/m” of
in= -7533.3

protection current may be consumed if it flows on the

'3_mmm metal surface without coating because the extremely acidic
i1 25008 solution has a high dissolution rates of metal ions as well
28636402001 as a high conductivity. The consumption rate of protection
Bsdsese 001 currents would be increased with increasing temperature.

2.2272Te+001

Therefore, coating is indispensable for CP system to pro-

1.90909e+001
tect metallic structures of FGD system economically and

1.59097e+001

1272734001 effectively.

3,545 654800 There are very restricted numbers of coatings that can

:::::i::: be served in extremely acidic solution of high temperature

00000004000 (above boiling point).” There are a series of epoxy
‘ Novolac system” and fluoric system coatings” that can

Mod(Result't current dens)
Max-= 70.526
Min= 0.0000

Fig. 6. Simulation results of CP system in FGD system

Fig. 7. Surface of carbon steel exposed by the coating failure Fig. 8. Application of epoxy Novolac coating with CP anodes
(cathodically protected) in FGD system
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endure 60~70% of sulphuric acid under the temperature
of 150C. These coatings also showed good stability
against CP current from their excellent adhesiveness with
metals. Being considered workability and mechanical
properties epoxy Novolac coating was applied in this
study”(Fig. 8). The main components of this coating are
phenolic epoxy Novolac as a resin and Nepheline Seyenite
as a reinforcement with minor additives such as Na
(AlSi305) and K(AISi;Os).

As a pre-treatment of metal surfaces, de-scaling and
cleaning were performed. After blasting the surface of
metal surfaces(roughness: 75~125um), the coating ma-
terials were sprayed in the thickness of 40 mils as a primer
and 60 mils as a top coat.

S. Development of high performance coatings

This coating showed a good performance in 60~70 wt%
of sulphuric acid and 150°C of gas temperature. However,
when it locally contacted with over 180°C of gas, some
of peel-offs and cracks were occurred (Fig. 9). It was
analyzed that coating failure came from collision of the
hot gas including highly concentrated gas phase sulphuric
acid. It could be confirmed from the numerous crater

Fig. 9. Locally peel-offs and cracks occurred in high temperature
gas
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shaped damages on the coating surface. Therefore, it was
impossible to make the exact same environment that the
coating was subjected to only with the immersion test in
sulphuric acid.”” New experimental methods were intro-
duced such as the heat flux oven test, the dropping and
the spraying test of hot sulphuric acid. Fig. 10 shows the
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Fig. 10. New experimental methods: (a) heat flux oven test,
(b) dropping test of hot sulphuric acid, (c) spraying test of hot
sulphuric acid
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Fig. 11. The H2S04(20%, up to 200°C )dropping test results of various newly developed epoxy Novolac coating materials varying

with HC concentration.
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Fig. 12. The H2S04(20%, 250°C) spraying test(lhour) results of various newly developed epoxy Novolac coating materials and

commercial coating.

experimental apparatus of those new experiments.

Fig. 11 shows the result from the dropping test of
various newly developed epoxy Novolac coating materials.
K-1 is the originally developed epoxy Novolac coating
and the others are modified ones with additives. As shown
in this figure, the higher increases HC concentration, the
lesser coating damages are occurred in high temperature.

10

Especially the wettability of solvent is remarkably in-
creased and the concentrated sulphuric acid is well dis-
persed on the coating surface. In Fig. 12, the results of
spraying tests are shown for the newly developed epoxy
Novolac coatings and the other commercial coating. The
commercial coating(Inner 7) shows severe damage, but
new coatings show better performances. The damage

CORROSION SCIENCE AND TECHNOLOGY Vol.5. No.i, 2006
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Table 2. The summery of compositions and characteristics
of newly developed fluoric composite coatings

Compositions Characteristics
Added silicon resin to | - Adhesiveness >100
FSP-11]. . 2
improve adhesiveness kg/em
- Hardening Temp.<200C
FLC-1 Added mixed fluoric - Similar heat and acid
FLC-2 composite resin, Latex resistance properties with
L | resin, and inorganic or Teflon
FLC-3 . . - .
organic fillers - Easy coating formation
with heat flux
. - Highest heat and acid
. . resistance property
FRC-1 ?l%: content of fluoric | Needed hardening Temp.
© above 300C and long
hardening time

Table 3. The results of acid dropping test for newly developed
fluoric composite coatings

Sample |Hardening|Results of acid dropping(60% H.SOj)
130C 150C 180C | 200C
FC-1 OK OK Failed - -
FLC-1 OK OK OK OK OK
FLC-3 OK OK OK OK OK
FRC-1 OK oK OK OK OK

appearances are nearly same as those can be seen in the
FGD system. However, in the long period of spraying test,
it was concluded that epoxy Novolac coating was not
appropriate for use in the temperature above 150°C of the
FGD environment.

In order to endure above 180°C in this environment,
new types of coating materials were formulated. The
fluoric composite coating is composed of fluoric resin such
as PTFE, PFA, FEP and inorganic or organic fillers. Brief
composition and characteristics are summarized in Table 2.

The results of acid dropping test for newly developed
fluoric composite coatings are listed in Table 3. These tests
were performed using 60% sulphuric acid in various tem-
peratures,

A couple of new coatings showed very high acid and
heat resistance even in cyclic acid dropping of which time
interval was 10 seconds. There was not any damage on
the coating surface after the tests were performed, only
showing white stains(Fig. 13)

For the proof of integrity in real time operation, these
new coatings should have been tested in more severe
environments. A pilot FGD plant was designed and manu-
factured for this purpose(Fig. 14).

CORROSION SCIENCE AND TECHNOLOGY Vol.5, No.l, 2006
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200 C

Fig. 13. Coating surface of fluoric composite coating(FLC-1)
after acid dropping test in high temperature.

Fig. 14. Pilot FGD system for accelerated testing of coating
deterioration.

In this experimental apparatus, 8 sides of reactor walls
are designed to coat being used as specimens(Fig. 15).
Spraying condition of sulphuric acid is shown in Fig. 16
and tests can be continued a few weeks to a few months.

Fig. 17 shows the pilot plant test result after 250 hours
of epoxy Novolac coating comparing with that in the real
FGD system. The damage patterns are similar to each
other.
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(a) (b) (©)

Fig. 15. Reactor walls coated with new coatings in pilot FGD system for accelerated testing of coating deterioration. (a) Side

wall, (b) Hood bottom, (¢) Drain bottom.
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Fig. 16. Spraying condition of 20% sulphuric acid in pilot FGD system.
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Pilot plant test results of FRC-1 after 250 hours are
shown in Fig. 18. The coating was applied 3 times and
the final thickness was 25~30 ym. White dots in this figure
are sulphuric acid precipitates and no cracks and swellings
are can't be seen. However, the edge close to bottom(drain
side) is attacked by sulphuric acid and bare metal is
exposed. The drain side coating is swelled. This is the
result from the insufficient coating thickness and highly

12

(b)
Fig. 17. Result in pilot FGD plant‘ test of epoxy Novolac coating((a) pilot FGD, (b) real FGD plant)

concentrated acid gathering in drain part.

Fig. 19 shows the comparing test results between FRC-1
and FLC-1. Half of the reactor's hood bottom side was
applied by FRC-1 and the other by FLC-1. As can be
seen in this figure, the bottom edge of FRC-1 is damaged
and FLC-1 seems to be more resistant to acid and heat
in this environment. The white sulphuric acid precipitates
could be easily removed by scrubbing.

CORROSION SCIENCE AND TECHNOLOGY Vol.5, No.I, 2006
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Fig. 18. Results in pilot FGD plant test of FLC-1 coating
(Thickness = 25~30gm, 250 hours)

e G >

Fig. 19. Result in pilot FGD plant test of FRC-1 & FLC-1
(Thickness = 25~30gm, 250 hours)

(b)
Fig. 20. Result in pilot FGD plant test of FLC-2 (carbon added,
(a) 300 hours passed (b} 400 hours passed)

CORROSION SCIENCE AND TECHNOLOGY Vol.5. No.l. 2006

(a) (b)

Fig. 21. Result in pilot FGD plant test of FLC-3 (graphite added,
(a) 300 hours passed (b) 400 hours passed)

FLC-2 and FLC-3 coating systems were developed in
which carbon or graphite was added to FLC-1 in order
to improve wettablitiy, acid and heat resistance. After
testing total 400 hours, results are shown in Fig. 20 and
Fig. 21. Thickness of these coating were also increased
up to 220 xm to avoid the edge damage from thinning
effect on edges. As shown in this figures, the surface of
these coatings are clean and safe. It is expected that these
coatings can serve over 2 years in the real FGD system
environment.

In order to prove the integrity of FLC-2 and FLC-3
coating system, bench scale experiments are planning to
perform soon, where these coatings will be applied to the
some severest corrosive parts of the real scale FGD plant
in power plants.

6. Results

1. A special kind of CP (Cathodic Protection) system
has been developed and tested in a real scale of FGD
system. This CP system is one of the economical tech-
nologies that can effectively prevent corrosion of plant,
from the merits of easy maintenance and being replaced
by expensive stainless steels or super alloys.

2. Coatings for this CP system which was very stable
against CP current were peeled off and cracked in some
parts of facility that exceed the critical temperature of
coatings, which made protection currents wasted and made
CP control difficult.

3. Being considered workability and mechanical pro-
perties epoxy Novolac coating was applied in this study.
However, when it locally contacted with over 180°C of
gas, some of peel-offs and cracks were occurred. There-
fore, the heat resistance needed to be strengthened in
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highly concentrated sulphuric acid for this coating.

4. In the long period of spraying test, it was concluded
that epoxy Novolac coating was not appropriate for use
in the temperature above 150°C of the FGD system envi-
ronment.

5. In order to endure above 180°C in this environment,
new types of coating materials were formulated. The
fluoric composite coating is composed of fluoric resin such
as PTFE, PFA, FEP and inorganic or organic fillers.

6. For the proof of integrity in real time operation, these
new coatings should have been tested in the pilot FGD
plant to simulate more severe FGD environment than real
one. FL.C-1 showed best performance in this environment.
FLC-2 and FLC-3 were developed from FLC-1, and it
was found that their performances were improved much.

7. It is concluded that the most important factor for
FLC system to succeed in service for the real FGD plant
during the required life time are the thickness of coating
and satisfying the exact coating procedures.
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