





level, alkali content, and CaO concentration.

Pitting was not expected for low levels of SO, and
alkalis, but became prevalent for very high levels of
SO, and alkali sulfate concentrations, especially on
stainless steels and chromized coatings. The study
also indicated that resistance to coal ash corrosion
primarily depends on the chromium content of the
alloys. Those containing 22% or more chromium
generally show satisfactory corrosion resistance.
Thus, for mildly corrosive environments, standard
materials such as Type 347 stainless steel would be
expected to provide adequate service; however,
more corrosive environments would necessitate
more corrosion-resistant materials such as Type 310
or Type 310 HCbN (Sumitomo HR3C, ASME code
case 2115). In other words, under AUSC conditions,
weld overlays or claddings of high chromium al-
loys such as In72 will be needed.

Lab test results

In the ongoing U.S. project, laboratory testing
has been completed under a wide range of condi-
tions extending up to 1500°F in environments sim-
ulating the waterwall and superheater/reheater
conditions with appropriate deposit compositions
and gas mixtures. The results for superheater/re-
heater corrosion so far have helped us reach the
following conclusions:

¢ U.S. Midwestern and Eastern coals containing
higher sulfur are much more corrosive than the
Western coals.

e Corrosion behavior is a function of chromium
level, with corrosion decreasing rapidly as the
chromium level rises to 22 to 27%, and then leveling
off.

¢ Nickel-base alloys containing iron, such as al-
loys HR3C (53Fe-25Cr-20Ni), 353 (36Fe-35Ni- 25Cr-
15i), 120 (37Ni-35Fe-25Cr), and HR6W (40Ni-25Fe-
23Cr-6W) function better than nickel-base alloys
without iron.

¢ Of the nickel-base alloys, Inconel 740 exhibits
better corrosion resistance than Haynes 230 and
CCA617.

¢ Alloys containing more than 1% molybdenum
functioned poorly under all test conditions.

* Of the weld overlays, Inconel-72 (typically 42Cr)
and Inconel-52 (typically 28Cr) were better than In-
conel-622 (typically 21 Cr) at all temperatures, with
72 functioning better than 52. At 650°C (1200°C) and
704°C (1300°C), the 72 and 52 were better than the
wrought alloys in the 22-27 Cr range.

» With regard to the diffusion coating (on Super
304H), the FeCr and SiCr compositions functioned
better than the AlCr, which exhibited the most ex-
tensive subsurface penetration. The FeCr and SiCr
coatings are comparable to the weld overlays but,
because they are thinner, will be breached sooner.

Field tests results

Testing loops of materials in superheater/reheater
sections of an actual boiler can lead to more realistic
assessment of alloy performance. Figure 1 shows
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one of two steam loops being installed in an actual
boiler that burns high sulfur coal. AUSC boiler op-
erating conditions are simulated by throttling the
steam flow to achieve metal temperatures up to
760°C (1400°F). Operating parameters during the
test are monitored remotely. Tubes are monitored
during outages at the plant by means of diameter
measurements for hot corrosion wastage, and pho-
tographs are taken of the surface condition. Sam-
ples tested in the field have also contributed sub-
stantially in ranking alloys in terms of their
resistance to fire side corrosion.

Furnace waterwalls

Waterwalls located in the furnace also have fire-
side exposure, but the operating conditions, de-
posits, and resulting corrosion mechanisms differ
from those in the superheater and reheater sections.
The introduction of new combustion systems to re-
duce NOx emissions has led to severe waterwall
corrosion of low alloy steels for some fuels, espe-
cially eastern bituminous coals.

The active fireside corrosion mechanism is
suspected to be sulfidation resulting from a sub-
stoichiometric gas with H,S and deposits containing
carbon, iron sulfide, and alkali chlorides. Higher
waterwall temperatures of the USC plant will sig-
nificantly increase corrosion rates relative to existing
plants. Future, more stringent NOx emission regu-
lations will further increase the risk of waterwall
corrosion. Assessments under waterwall conditions
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have been similar to those listed above for super-
heater tubes, and are therefore not repeated here.

From a corrosion point of view, many of the pro-
posed alloys for both superheater/reheater tubes
and waterwall applications should be acceptable
for service in USC plants burning low-sulfur coals.
However, for plants burning high sulfur coals, the
high-strength nickel-based alloys may not provide
sufficient corrosion resistance. This is especially true
for those containing more than 1% molybdenum.

For such plants, it may be necessary to protect the
tubing with more corrosion-resistant materials such
as weld overlays or diffusion coatings. This is
equally true of the 9 to 12% ferritic steels for the wa-
terwall section. Based on wastage data, the Si-Cr
and Fe-Cr coatings should provide the most corro-
sion protection, but such coatings are much thinner
than weld overlays, and therefore will be breached
sooner. Hence, the application of a suitable weld
overlay materials such as IN72 would likely pro-
vide a longer service life.

Fabricability studies

Fabrication studies have been completed on the
alloys of interest to evaluate the effects of fabrica-
tion on material properties, so that potential prob-
lems may be identified. Experience in welding, ma-
chining, cutting, boring, and grinding of Haynes
230, Inconel 740, HR6W, CCA 617, and Super304H
stainless steel has been gained in the course of fabri-
cation of two steam test loops. Protective weld
overlay claddings with alloys Inconel 52, Inconel
72, and Inconel 622 has been successfully applied
to the tube sections that form the test loops. Field
welding has been demonstrated during installation
of the test loops in the boiler.

Samples of strained material required for charac-
terizing the recrystallization/ precipitation behavior
of USC steam alloys have been made by controlled
straining (ranging from 0 to 50%) of special tapered
tube specimens. Fabrication of multiple U-bends
from Haynes 230 and HR6W tubing (2 in. OD X 0.4
in. MW) has been successfully demonstrated on pro-
duction equipment. Tube U-bends with strains of
15%, 20%, and 35% have been produced.

Swaging trials of several of the USC steam alloys
have been completed. Data on recrystallization be-
havior, phase precipitation, and dissolution in the
nickel-base alloys are being compiled to assist in the
understanding and development of fabrication pro-
cedures. Based on extensive investigations, weld
procedures have been developed for the candidate
alloys.

Two product forms have been studied, tubing
and pipe or plate. Also, welding procedures for 15
materials/product forms/welding process combi-
nations have been developed. Welding procedures
have been designed for three dissimilar metal weld
configurations, and weldments for each of the com-
binations have been evaluated. While welding of
tubing has been relatively easy, welding of thick sec-
tion plates has defied development until recently,
especially in precipitation hardened alloys such as
Inco 740.

After several minor modifications of the chem-
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istry, a gas-metal arc welding (GMAW) procedure
was recently achieved in a 5/8 inch thick plate. Fur-
ther “tweaking” of the alloy is being investigated
to improve weldability.

As a demonstration of the fabrication capabilities
achieved in the course of this project, a mock-up
section of a header was fabricated (Fig. 3). The mock-
up illustrates capabilities with respect to fabrication
of CCA 617 alloy into the header shape by bending
of plate; girth welding; seam welding; socket
welding, machining; swaging; hole drilling; and dis-
similar welding between CCA 617 and Super304H
and T91 tubing.

Phase two

In phase 2 of the project currently in progress, ad-
ditional technologies that will be able to facilitate
CO, capture, such as oxy-fuel combustion, are being
investigated. In this process, fuel is combusted with
oxygen instead of air so that the combustion gas
stream is much more concentrated in CO, and there-
fore easier to capture. The materials problems en-
countered here may be quite different and need to be
investigated. Studies are also in progress relating to
AUSC turbine materials.
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Forming: Press forming of
headers and piping; Bending
of tubing; Swaging of tube
ends.

Machining: Weld grooves
for header and pipe; longitu-
dinal and circumferential
seams; Socket weld grooves for
tube-to-header joints; Weld
grooves for tube circumferen-
tial seams.

Welding: Submerged arc
weld-ing (SAW) for header
and pipe longitudinal and cir-
cumferential seam; Gas tung-
sten arc welding (GTAW) for
tube-to-tube joints; Shielded
metal arc (SMAW) and gas
tungsten  arc  welding
(GTAW) for tube-to-header
socket joints; Dissimilar welds.
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Fig. 3— Materials and processes in a mock header.
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