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1.0 INTRODUCTION

Nooter Construction Company (NCC) performed a yearlong corrosion study inside of an
operating coal fired power-plant Flue Gas Desulfurization (FGD) scrubber system. This
experimental study consisted of hanging 6 coated test plates within the ductwork located after
the desulfurization process. The actual temperature that these test plates were subjected to are
unknown, but was likely in the 200F-300F (93TC-149 <) range.

The FGD scrubber system is designed to introduce an alkaline sorbent consisting of limestone,
in a spray form, into the exhaust gas system of a coal-fired boiler. The alkali reacts with the SO,
gas and is collected in a liquid form as calcium sulfate slurry. The calcium sulfate is allowed to
settle out as most of the water is recycled. FGD scrubber ‘sludge’ is the wet solid residue
generated from the treatment of these emissions. Typical corrosion observed on FGD
components after the desulfurization process is not only due to the corrosive behavior of the
calcium sulfate, but also levels of chlorides, sulfides, and fluorides within the ‘sludge’.

These test plates were coated by Nooter Construction Company using the twin wire arc spray
(TWAS) thermal spray process with ArcMelt’'s consumable wires. The test plates were
approximately 12" X 12" in size with a 3/8” weld overlay bead of 625 Inconel around the edge of
the square plate (1" from edge). Each plate was isolated from the mounting support to eliminate
the possibility of galvanic corrosion.

TABLE 1 is a summary of the subject test plates. Each test plate sample was designated with
“T” or “B” based on if the coating was applied with a top coat only or base/top coat system.

TABLE 1: Summary of the subject test plates and specimens.
Test Plate No.  Specimen No. Description

AMC 3101
AMC 3101 with AMC 4302 base coat
AMC 4305
AMC 4305 with AMC 4302 base coat
AMC 3201
AMC 3201 with AMC 4302 base coat

2.0 LAB PROCEDURE

A specimen was randomly selected from all the test plates for microsectional analysis. All
microsectional specimens were mounted in cold mounted epoxy media and prepared in
accordance with ASTM E3 “Standard Guide for Preparation of Metallographic Specimens”.
After completion of the metallography, the microsectional specimens were analyzed by optical
light microscopy, Scanning Electron Microscopy (SEM), and Energy Dispersive X-Ray
Spectroscopy (EDS).

The optical light microscopy of each specimen included photo documentation taken at 50X and
measurement of the coating(s) porosity levels.

The scanning electron microscopy of each microsectional specimen included photo
documentation taken at 75X using backscatter electrons and EDS elemental mapping of the
coating at a 20kV energy setting. The purpose of the EDS mapping was to plot out the relative
distribution of elements within the cross-sectional area of the coating.
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All specimens were analyzed by an accredited American Association of Laboratory (AAL)
facility.

3.0 RESULTS

The “as-received” test plates can be seen in the photographs presented by FIGURE 1. From
these photographs it can be seen that the test panels’ surfaces were completely covered by a
layer of deposits from its service time within the FGD scrubber. These deposits were white in
appearance, with typical characteristics of the ‘sludge’ that is formed during scrubber operation.

3.1 Microsectional Analysis

Presented as FIGURES 2 — 7 are photomicrographs (A) and SEM micrographs (B) of

all specimens. The photomicrographs were taken at 50X and the SEM micrographs were taken
at 75X. Examination of these figures indicated no corrosion between the coating and stainless
steel substrate for any of the coating systems.

Further inspection of Specimen 1T, AMC 3101 (see FIGURE 2) showed signs of localized
corrosion and oxidation at the coating surface (yellow arrows-A and red braces-B). This
phenomenon was not as pronounced in Specimen 2B, AMC 3101 with base, presented in
FIGURE 3. In addition, regarding FIGURE 3, the small areas at the substrate (red arrows-B)
were leaks of polishing media, and not corrosion.

The microstructure of AMC 3101 coating generally was good, with little porosity. The
backscatter SEM micrograph does show elements of tungsten (light) and chromium (dark)
segregating to a degree. It is unknown if this elemental segregation would affect corrosion
resistance of the coating.

Examination of Specimen 3T, AMC 4305 presented in FIGURE 4 show high levels of uniform
and oxidation corrosion. These corrosion mechanism had removed approximately 30% of the
coating thickness at the surface (yellow arrows-A). The severe corrosion was not as
pronounced in Specimen 4B, AMC 4305 with base, shown in FIGURE 5. However, levels of
localized and oxidation corrosion were present.

The microstructure of AMC 4305 consisted of a fairly uniform matrix of Fe, Cr, and Ni with Al at
the “splat boundaries”, as indicated by elemental mapping (Section 3.2). Due to the oxidizing
nature of molten aluminum, it is likely in the form of an oxide that was produced from oxygen
pick-up during splat flight time.

Examination of Specimens 5T and 6B, AMC 3201 (see FIGURE 6 and 7) showed little signs of
corrosion or oxidation. However, sporadic, localized areas of corrosion (yellow arrows-A) were
observed at the coating surfaces. The microstructure of AMC 3201 coating consisted of a very
homogenous structure with dispersed Ni and Cr oxides that would be typical for an HVOF type
process, but not the twin wire arc process. The oxides (Ni and Cr) appear to be in a dispersed
form and not in a laminar form.

A summary of the porosity results for all specimens can be seen in TABLE 2.
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TABLE 2: Summary of porosity results for all specimens.
Specimen Base Coat Top Coat

u o [ (R— 5%
2B 2% 2%
3T | e 2%
4B 2% 5%
3 R I — 5%
6B 2% 4%

Porosity levels for all specimens appear to be typical of the TWAS process. In some instances,
these levels resembled complex thermal spray processes such as high-velocity arc spray
(HVAS), combustion arc spray (CAS), or high velocity oxygen fuel (HVOF). There appears to
be little correlation between porosity levels and coating performance in this experimental
evaluation.

3.2 EDS Mapping Analysis

Presented as FIGURE 8 — 13 are EDS maps of all specimen microsections. The EDS maps for
all the specimens indicated levels of Ca, S, and O at the surface. This micro-chemical result
would be consistent with calcium sulfate sludge with the sulfur originating from the SO, gas. In
addition, no evidence of corrosion type elements were observed on any of the specimens
between the coating/substrate interface.

Closer inspection of the EDS maps for Specimen 1T (FIGURE 8) indicated levels of Ca, S,

and O at the surface with traces of O and S subsurface. This would coincide with data received
from SEM micrographs in Section 3.1 of localized corrosion and oxidation just below the layer of
calcium sulfate sludge. However, just as in Section 3.1, Specimen 2B did not indicated any
traces of O or S subsurface (see FIGURE 9).

Examination of Specimens 3T and 4B EDS maps presented as FIGURES 10 and 11 revealed
high levels of Ca, S, O, and Cl at the sample surface and subsurface. This corrosion had
developed into coating wastage that will eventually consume the remaining coating or work its
way to the substrate that will allow for coating spallation.

No evidence of Ca or S was detected below the calcium rich scale on Specimens 5T or 6B (see
FIGURE 12 and 13). That is, corrosive type media did not penetrate subsurface into AMC 3102
coating specimens.

Levels of aluminum were observed at various samples coating/substrate interface. These levels
of aluminum are likely due to the aluminum oxide polishing step from metallography. In
addition, Specimen 2B (see FIGURE 9) showed high levels of chlorine at the coating/substrate
interface. These chlorine levels were not consistent with other specimens and were likely the
result from water leaking out from the coating/substrate interface due to sample being under
vacuum in SEM. This water in all probability came from the polishing steps.
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4.0 DISCUSSIONS

Regarding this examination the following can be stated: AMC 3101 performance was neutral,
AMC 4305 underperformed, and AMC 3201 excelled. It appears that the base coat did little to
improve the performance of the coating in this testing experiment.

AMC 3201 likely performed well because of its homogenous structure, high dispersed oxide
content, and high levels of chrome. The dispersed oxides would decrease the opportunity for
corrosive type media to migrate from splat-to-splat (corrosion barrier) as commonly seen with
thermal spray coating that include laminar oxide structures.

The underperformance of the AMC 4305 coating was likely the result of the iron matrix, non-
homogenous and laminar microstructure, and possible dissolution. However, due to the
addition of Cr, Ni, Mo, B this coating would potentially be a good material of choice to mitigate
abrasion or erosion at elevated temperatures. The boron would form stable borides that would
increase wear performance at elevated temperature with additions of molybdenum helping with
lubricity.

EDS mapping of each microsection showed a rich calcium sulfate scale on the surface of the
coatings. This scale is the result of FGD emissions and is consistent with FGD scrubber sludge.
It is still unknown if this scale was detrimental or beneficial to the coatings. However, it is
probable that the scale layer was somewhat protective as the fly ash sludge was neutral and the
temperatures were relatively low.

In general, AMC 3201 appears to be a potential thermal spray coating candidate for mitigation
of FGD scrubber corrosion. However, further testing needs to be performed comparing AMC
3201 to competitor’'s materials to fully get a true understanding of its performance.

5.0 CONCLUSIONS

1) Thermal spray coatings can effectively be utilized to protect equipment in FGD scrubber
systems.

2) No corrosion was observed between the substrate and coating interface in any of the
test samples.

3) AMC 3201 performed satisfactory in this experimental evaluation. This coating is a
potential material of choice for FGD scrubbers or systems with levels of sulfur at
moderate temperatures.

Bases: Microsectional and SEM Analysis — Slight Corrosion/Oxidation
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FIGURE 1: Photographs of the as-received test plates after one year in service.
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FIGURE 2: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X
of Specimen 1T, AMC 3101. No indication of corrosion between the coating and
stainless steel substrate was observed. Localized corrosion and oxidation were
seen at the coating surface (yellow arrows-A & red braces-B).
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FIGURE 3: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X
of Specimen 2B, AMC 3101 with AMC 4302 base coat. No indication of corrosion
between the base coat and stainless steel substrate was observed. A scale layer of
calcium sulfate/oxide (red braces-B) was withessed at the surface of the coating.
Small areas at substrate (red arrows-B) located on the SEM image are leaks of
polishing media, and not corrosion.
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FIGURE 4: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X

of Specimen 3T, AMC 4305. No indication of corrosion between the coating and
stainless steel substrate was observed. General and oxidation corrosion has removed
approximately 30% of the coating thickness at the surface (yellow arrows-A). A scale
thick layer of calcium sulfate (red braces-B) was witnessed at the surface of the coating.
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FIGURE 5: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X
of Specimen 4B, AMC 4305 with 4302 base showing no corrosion between the base
coat and the stainless steel substrate. Small amounts of general corrosion were
observed near the surface of the coating. A scale layer of calcium sulfate/oxides
(red braces-B) were witnessed at the surface of the coating.
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FIGURE 6: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X
of Specimen 5T, AMC 3201 showing no corrosion between the coating and the
stainless steel substrate. Small localized corrosion areas (yellow arrows-A) were
observed at the coating surface. A scale layer of calcium sulfate (red braces-B) was

witnessed at the surface of the coating.
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FIGURE 7: A) Photomicrograph taken at 50X and B) SEM micrograph taken at 75X
of Specimen 6B, AMC 3201 with AMC 4302 base coat showing no corrosion between
the base coat and the stainless steel substrate. Small localized corrosion areas were

observed (yellow arrows-A) at the coating surface.
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FIGURE 8: EDS mapping of Specimen 1T, AMC 3101, showing calcium sulfate rich scale on the
surface of the coating with oxidation corrosion below this scale. Levels of aluminum were observed
near the coating/substrate interface. These levels of aluminum are likely due to the aluminum oxide
polishing step from metallography. No levels of sulfur or chlorine were observed below the surface of

the coating.
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FIGURE 9: EDS mapping of Specimen 2B, AMC 3101 with 4302 base coat, showing calcium
sulfate rich scale on the surface of the coating with light oxidation corrosion below this scale. High
levels of chlorine were observed at the coating substrate interface. These levels are likely the result
of water and polishing media leaking from metallography. No levels of sulfur were observed below

the surface of the coating.
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FIGURE 10: EDS mapping of Specimen 3T, AMC 4305, showing thick calcium sulfate rich scale
on the surface of the coating with levels of calcium, sulfur, oxygen, and chlorine subsurface.
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FIGURE 11: EDS mapping of Specimen 4B, AMC 4305 with 4302 base coat, showing thick calcium
sulfate rich scale on the surface of the coating with levels of oxidation and corrosion below this scale.
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FIGURE 12: EDS mapping of Specimen 5T, AMC 3201, showing thick calcium sulfate rich scale on
the surface of the coating. No levels of sulfur were observed below the surface of the coating.
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FIGURE 13: EDS mapping of Specimen 6B, AMC 3201 with 4302 base, showing a thick calcium
sulfide rich scale on the surface of the coating. No levels of sulfur were observed below the surface
of the coating.
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