POWER

PART 2: WATER TREATMENT STRATEGIES FOR FOSSIL-FIRED POWER

PLANTS

n Part 1, we examined how

corrosion can be a major

cause of equipment failures in
power plants. One aspect to improve
facility operations is internal surface
passivation where operators control
water chemistry on the waterside of the
boilers to encourage magnetite forma-
tion, which can effectively control corro-
sion.

However, in utility superheaters the
magnetite formation is different because
ofthetemperaturesthatare above 662°F.
In these cases, the magnetite is less
stable and it can break down in the
cooling and heating cycles associated
with boiler shutdowns. Magnetite parti-
cles can then be carried to the super-
heater andintothe turbine with the steam
after a shutdown and cause excessive
wear on the nozzles in the high-pres-
sure turbine.

Part 1 also reviewed corrosion mech-
anisms that can be caused by oxygen,
flow-accelerate corrosion, heat recov-
ery steam generator (HRSG) metal loss
in economizer tubes, deposit-induced
corrosion, caustic corrosion, depaosition,
and stress corrosion cracking. In this
article, we will review water treatment
strategies and monitoring in fossil-fired
utility plants.

Minimizing Corrosion
In conventional fossil power plants, high-
purity water is used as the working fluid
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for producing electricity by the Rankine
cycle. The water is purified using ion
exchange, filtration and other process-
es to remove the impurities before the
water is added to the steam cycle. How-
ever, occluded regions such as the ar-
eas underneath deposits, can lead to
the accumulation of trace levels of im-
purities, resulting in aggressive envi-
ronments.

Operators of power plants must be
diligent in controlling the water chemis-
try to ensure that any problems that
degrade water quality are corrected
quickly. Organic and inorganic addi-
tives are used to provide further corro-
sion protection. Oxygen is one of the
main corrosion agents in the steam cy-
cle. Adding an oxygen scavenger, such
as hydrazine direcily to the condensate
water is a useful approach to remove
residual oxygen. Ammonia or organic
amines are added to the feedwater to
control the pH. Maintaining alkaline
conditions throughout the steam cycle
can minimize the general corrosion rate
of carbon steels that are widely used in
piping systems. Corrosion inhibitors,
dispersants, and other chemicals are
also used in some power plants to con-
trol corrosion and to minimize fouling of
heat transfer surfaces. Sodium phos-
phate is currently used in many smaller
fossil plants to buffer the pH because of
impurity ingress excursions.

Buffering with phosphate salts gener-
ally follows either a ‘coordinated phos-
phate' or ‘congruent phosphate’ regi-
men. In the coordinated phosphate/pH
control regimen sodium phosphate salts
are added to the boiler water in an
attempt to maintain a sodium-to-phos-

phate ratio of 3:1. In the congruent
phosphate/pH control regimen, a sodi-
um-to-phosphate ratio of between 2.4
and 2.8:1 is maintained. The ratio is
held closely to 2.6:1 in most congruent
phosphate/pH control programs. Leak-
age of sodium from deionizer systems
can create difficulties with maintaining
the sodium-to-phosphate ratio in coor-
dinated or congruent phosphate/pH
control programs. In traditional fossil-
fired power plants where the deionizer
effluent is polished using mixed-bed
polishing units, sodium leakage is min-
imized. However, a relatively small pro-
portion of utility systems use phosphate/
pH control treatment programs.

Most use all-volatile treatment (AVT)
programs based on hydrazine with am-
monia addition in some cases. Amines
are also used in a relatively small num-
ber of units. Phosphate-based pro-
grams are commeonly found in cogener-
ation systems operating at lower pres-
sures and in smaller utility units. . More
recently, under deposit corrosion asso-
ciated with the presence of acidic phos-
phate salts has been recognized. This
has lead to the development of an alter-
nate approach called equilibrium phos-
phate control, which uses lower phos-
phate residuals with appropriate pH
control o minimize the potential for un-
der deposit acid phosphate corrosion.

Water Treatment Strategies

It must always be recognized that water
treatment can mitigate but not correct
corrosion due to improper design or
incompatible metallurgies. The primary
approach to protecting a steam gener-
ator system is by minimizing impurity

TABLE A
Quality Standards for HRSGs

Sample Foint
Make up

Parameter
silica (ppb)

specific conductivity ps/cm

Condensate pump discharge

sodium (ppb)

cation conductivity ps/cm

Main steam

sodium (pph)

cation conductivity ps/cm
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Solubility Product Constants and Additional Information for Iron-Containing Species

LOG Ksp
Compound (25°C)
Fe(OH),

Color
-14 White

-15.1

Fe(OH),
FeO
(wustite)

-14
-18

FeO,
(magnetite)

Alpha FeO(0OH)-39.1
(goethite)

Gamma FeO(OH)
(lepidocrocite)

Alpha Fe,O, -42.7
(hematite)

TABLE B

Crystallographic
System

(brucite)

cubic
(NaCl)

cubic

(inverse spinel)

orthorhombic

orange

trigonal
(hexagonal

unit cell)

Other Possible Iron Forms
Beta FeO(OH)

Gamma Fe,O, cubic

(maghemite)

(spinel)

Comments

1. decomposes @ 100°C to Fe O, + H,

2. dehydrates to FeO

3. at room temperature + O, can form goethite
lepidocrocite and magentite.

Unstable iron form rapidly dehydrates to
oxide form.

Decomposes to Fe and Fe,O,

Oxide typical of “O" oxygen systems.
Found in utility condensate systems using
hydrazine.

Dehydrates to hematite at 200°C. Forms
hematite at lower temperatures in
presence of H,0. This form is favored
at high pH and has been identified by
color in condensate systems.

Qrthorhombic Dehydrates to hematite at 200°C. In
the presence of H,O converts to hematite at

lower temperatures. Has been identified

based on color in systems where iron

slugging is a problem. Has been

mistaken for copper contamination.

Decomposes to magnetite at 1,457°C. Most
common iron form in industrial system.
Hematite formation favored by low pH

and increasing temperatures.

Dehydrates to hematite at 230°C.
Presence of water enhances dehydration.

Transforms to hematite above 250°C.
Presence of H,O enhances transformation.
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ed by minimizing ingress of contami-
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KEEPING ANION

The primary objectives of the chemi-
cal treatment program are to minimize R ES I N Q U ALIT Y 7
deposition and corrosion on internal m

surfaces in the boiler unit. The first step
involves minimizing contamination in the
boiler feedwater. Contaminants can
enter the feedwater either from the make-
up water or the condensate. Make-up
water pretreatment systems commonly
use filtration, reverse osmosis, and
deionization to minimize the ingress of
contaminants. Iron- and copper-based
corrosion products are common con-
taminants in the condensate. In addi-
tion, hardness salts, silica, chloride,
sulfate, and sodium can contaminate
condensate as a result of condenser
leaks. Condensate polishers are very
helpful in removing this contamination.
Additional contaminants such as oil or
other organic materials are often found
in cogeneration systems because of
contamination of process condensate.
In these systems, additional purification
steps such as activated carbon filters
are used ahead of the condensate pol-
ishers to minimize condensate contam-
ination. - "
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