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Thermal Spray Services




1.0 INTRODUCTION

Nooter Construction-Thermal Spray Services executed a thermal spray coating performance
evaluation within a coal-fired boiler located at a Midwest power plant. This experimental test
consisted of coating approximately 65 vertical-pendant spaced superheat (SH) boiler tubes with
ArcMelt 3201 (50/50 NiCr) thermal spray composite coating. The coating was applied using the
twin wire arc process at equipment settings specific to ArcMelt 3201 with an approximate
coating thickness of 35-40 mils.

The area that was coated had previously been protected with tube shields. These shields were
removed prior to the coating application and were not reinstalled after the coating process. The
coated area consisted of approximately four feet in length and located on the front face of the
boiler tube only, i.e. the surface that witnesses the direct impact of the flue gas stream.
Presented as FIGURE 1 is a photograph of the SH boiler tubes during the coating process. The
superheat tube material is 1.25Cr-.5Mo alloyed steel, which is a typical composition for SH
tubes. The fuel that operates the boiler is PRB (Powder River Basin) coal.

The coating was applied in March 2008 and an inspection of the coating occurred after 18
months in service by Nooter Construction-Thermal Spray Services and ArcMelt personnel.

2.0 INSPECTION METHODS

Starting from the hatch door, SH tubes 9, 12, 18, 24, 31, and 53 were cleaned and inspected for
coating verification. These tube locations were numbered 1, 2, 3, 4, 5, and 6 respectively. The
tubes surfaces were cleaned using a needle gun powered by compressed air. Then the tubes
were photo documented and analyzed chemically by x-ray fluorescence spectroscopy. After the
coating locations had been identified, the thickness of the coating areas were measured using
equipment based on eddy current. Lastly, fire-side slag deposits were removed from Location 1
(SH tube 9) for chemical analysis.

3.0 RESULTS

The SH boiler tubes were inspected approximately 18 months after the coating was applied and
returned to service. Presented as FIGURE 2 is a photograph of the SH boiler tubes during the
on-site inspection. Visual inspection showed the front face of each tube was covered with a
layer of slag deposits.

Presented in FIGURES 3 — 8 are photographs of boiler tube Locations 1 — 6 respectively after
the cleaning process. From these figures it can be seen that slag deposits had developed on
surface of the SH Tubes at an approximate thickness of 1/4”-1/3". The slag deposits appear to
be in layers with a white deposit on the surface and a red porous deposit under that layer that is
bonded to the coating. The coating is visible in the center of each cleaned area and darker in
appearance.

Presented as TABLE 1 are the results from performing x-ray fluorescence spectroscopy on the
areas that appear to be the coating surface for each SH tube. There were multiple regions
analyzed for tube Locations 3 and 5 based on additional areas of interest.
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Element

Location 1

1.01%

36.52%

Location 2

1.30%

30.67

0.83%

20.35%

45.47%

Location 3A

0.95%

29.62%

0.91%

23.66%

41.98%

1.66%

1.04%

Location 3B

0.86%

35.52%

14.62%

48.88%

0.12%

Location 4

1.33%

35.02%

1.00%

15.83%

44.99%

0.18%

Location 5A

0.32%

13.77%

65.74%

19.44%

0.72%

Location 5B

0.92%

30.47%

0.62%

27.74%

38.72%

percent) taken at the SH Boiler Tubes.

Location 6

1.35%

31.23%

0.90%

22.29%

42.51%

From these measurements it can be seen that sizeable levels of chromium and nickel were
detected by the XRF spectrometer. These elemental concentrations are similar to the levels of
the thermal spray coating composition and confirms that the composite coating is still adhered
to the SH tube surface.

Further inspection of Location 3 (FIGURE 5) showed a gray, dull spot (B) at the coating area
(A). X-ray fluorescence spectroscopy revealed that this area is coated with thermal spray as
well. After on-site discussions, it was determined that the coating had chipped at the surface
from over aggressiveness of the cleaning process. However, this data provided further
verification that the coating is still well bonded to the substrate.

In addition to multiple analyses performed on Location 3, two areas were analyzed in regards to
Location 5 (FIGURE 7) as well. The coating appeared to be darker compared to the other
locations, hence areas A and B were analyzed chemically. The results showed that area A was
high in iron and area B was typical of the thermal spray coating composition. It appears that
some of the iron in the slag deposits may have diffused into the surface of the coating at
Location 5A, hence the lower detected levels of chromium and nickel. The diffusion of iron and
slight oxidation of the coating surface likely resulted in a brittle phase at area B that chipped
easily during cleaning.

After the coating was verified by x-ray fluorescence spectroscopy at all locations, measurement
of the coating thicknesses were performed. Results show little coating had been lost with
recorded measurements of 35 mils for all tube locations.

Deposits from Location 3 were analyzed by ICP (Induced Coupled Plasma) for chemical
verification. These deposits were typical of the other inspected tubes. The deposits were in
layers with a hard-tough, white appearing slag deposit on the outside. Under the white deposit
was a much thicker deposit that was brittle (turned to powder with needle gun) and red in
appearance. The deposits were labeled Sample 1 and 2 respectively and can be seen prior to
analysis in FIGURE 9.

The results of the chemical analysis for these deposits can be seen in TABLE 2 below.
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TABLE 2: Chemical Analysis of Tube Deposits by ICP (Weight %

Element Sample 1 Sample 2
Calcium 17.99 21.05
Chromium 0.05 0.01
Iron 16.22 4.98
Magnesium 1.19 1.06
Nickel 0.07 <0.01
Phosphorus 0.56 0.49
Sulfur 12.49 0.58

Chemical analyses of these deposits show that Sample 1 is high in calcium, iron, and sulfur.
Sample 2 is similar in chemistry except for lower levels of iron and sulfur. The decrease in iron
for Sample 2 is likely the reason for the deposit being brittle and powder-like. Both samples
appear to be a combination of Fe,O3; and CaO type materials, which are typically stable and not
very corrosive. The higher levels of sulfur in Sample 1 is probably associated with it being the
outside deposit layer that picked up this element from sulfur in the flue gas.

4.0 DISCUSSIONS

The on-site inspection of this superheater confirms that the ArcMelt 3201 composite coating is
still adhered to the front surface of SH tubes, while also performing satisfactory in providing
protection of the SH tubes. In addition, the thermal spray coating showed little wastage due to
corrosion or erosion.

Visual observations and chemical analysis of the deposits showed that high temperature
corrosion (sulfidation) or erosion is not the driving force for wastage for this particular superheat
area, but from high-temperature oxidation. After talking with plant personnel, it was learned that
this facility burns PRB (Powder River Basin) coal as the fuel source and the local soot blowers
are not longer used. By burning PRB coal the corrosion inside the boiler can be greatly reduced
and wastage of the boiler tube surfaces can be suppressed.

It is unknown the temperatures that this particular superheater witnesses, however it is not
uncommon for coal powered superheaters to observe temperatures of 1200F or greater. From
visual inspection within this superheater area, this temperature range seems logical.

5.0 CONCLUSIONS

1) ArcMelt 3201 composite coating is well adhered to the superheat tubes after 18 months
in service. In addition, little or no coating wastage was observed.

2) The performance of ArcMelt 3201 demonstrated that it can act as a protective coating
through thermal cycling that occurs in coal-powered boilers.

3) Nooter thermal spray coatings can effectively be sprayed in the field by the twin wire arc
process to protect superheat boiler tubes from potential corrosion and erosion concerns.
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FIGURE 1: Photograph of vertical SH boiler tubes after coating (A) and prior to
coating, after blasting (B).

FIGURE 2: Photograph of coated vertical SH boiler tubes after 18 months in
service. Area of applied coating is between the yellow lines.

NCC Thermal Spray Services Page 5 of 12



I e . T ’ R |
FIGURE 3: Location #1 — Tube 9
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FIGURE 4: Location #2 — Tube 12
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FIGURE 5: Location #3 — Tube 18
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FIGURE 6: Location #4 — Tube 24
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FIGURE 7: Location #5 — Tube 31
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FIGURE 8: Location #6 — Tube 53
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FIGURE 9: Tube deposit samples taken for chemical analysis at Location #1
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