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SUMMARY

This technical report summarizes the research work performed
and progress achieved during the period of January 1, 1996 to
March 31, 1996.

The méterial wastage tests wére continued to analyze
erosion phenomena under the simulated erosion conditions of in-
bed tubes 1in FBC. AISI 1018 steel and three thermal sprayed
coating specimens were tested at an elevated temperature (300 °C)
using nozzle type erosion tester.

Bed ashes retrieved from the operating biomass-fired boiler
were used for erodent particles at a particle loading of 375 g,
at particle impact angle of 30°, at particle velocity 60 m/s for
exposure periods of 4 hours. The specimens were water-cooled on
the backside. The material wastage of specimens was determined
by thickness measurements. .

Test results can be seen that the cooled specimen had great-
er material wastage than that of the uncooled specimens. In
addition, all of thermal-sprayed coating specimens for both
cooled and uncooled specimens could reduce the erosion wastage
rates as compared with 1018 steel. Among the three thermal-
sprayed coatings, a DS-105 specimen of high velocity oxygen fuel
spraying exhibited the lowest erosion wastage rate.

| When tested a higher particle velocity (60 m/s), but at the
same elevated temperature (300°C), the material wastage rate of
all three coatings was about 6 to 18 times higher than that of

the material wastage at a low particle velocity (2.5 m/s).
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SECTION 1
EFFECT OF COOLED THERMAL~-SPRAYED COATINGS ON IN-BED TUBE EROSION
AT A HIGH PARTICLE VELOCITY IN FBC

Material wastage of in-bed tubes in atmospheric fluidized-
bed combustor (AFBC) continues to be an important issue.- In our
previous work [1], the erosion. phenomena of AISI 1018 steel and
several thermal sprayed coatings under simulated in-bed tube
erosion conditions of FBCs was studied. The actual service heat
exchanger tubes are usually cooled by water or steam being heated
{2]. So, the cooled specimens were tested to observe the materi-

al wastage and its mechanism under different test conditions [1].

In this work, tests were continued to analyze the erosion
phenomena of the cooled specimen at high particle velocity (60

m/s), which was compared with the results of the isothermal

specimens.

1.1 EXPERIMENTAL TEST CONDITIONS

(A) Test Specimens and Materials

The target materials for the test were three thermal sprayed
coatings, DS200,DS105, Rokide C, and AISI 1018 steel. The char-
acteristics of each target coating material was introduced in the
previous report [1]. Bed ashes retrieved from -the operating
biomass-fired boiler were used for erodent particles. Table 1

shows different compositions and phases of the bed ash particles.

The shape of the bed ash particles is shown in Figure 2.

The mean particle size was 421 pm with a mean particle density of
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Element O Si Al Mg S K Ca Ti Fe Na P Cl

Chem. | 4528 | 3369 | 574 | 1.008 | 0.029 | 5602 | 4.981 | 0.215 | 1.39 | 1.706 | 0.358 -

EDS 476 {3168) 645 | 1.01 | 0.04 | 514 | 459 0.4 113 | 102 | 0.85 | 0.59
Phase . SiO,(Quartz),{Na,K)AISi;Og(Anorthoclase), NaAlSi;Og(Albite)

Figure 1 Particle Appearance of Bed Ash




Ave. 421 microns, Density 2439 kg/m3
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Figure 2. Particle size distribution for bed ash A3.
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Figure 3. EDS spectra collected from the bed ash.




2439 kg/m3. The particle size distribution is shown in Figure
2. These particles are mainly consisted of silica with a 1little
amount of other elements, which is shown in the results of energy

dispersive spectrometry (EDS) of Figure 3.

(B) Test Conditions and Material Wastage Measurements

The tests of material wastage were carried out in the ele-
vated temperature blast nozzle type'of tester [1]. In the test
facility, erodent particles flow down a vibrating tube into a
chamber, where they impact the test specimens. The temperature
ranges in the tester were achievable from 20°C to 850 °C. Two
different conditions for the specimens were applied by cooled
specimen and isothermal specimen. The surface of the specimen
was exposed directly to the environmental temperature, 750 °C

while the backsides of specimens were water-cooled.

The high particle velocity (60 m/s) was applied to compare
with the results of low particle velocity condition [1]. Tests
were carried out at a specimen surface temperature of 300 °C,
using impact angle of 30°. In our previous work [1], it was
found that all tested coatings exhibited "ductile behavior" as
that of steep impact angle. Thus, this work focused on material
wastage at a shallow impact angle, 30 °. The test time of 4

hours was used at particle loading of 375 g.

The material wastage of the specimens was determined by
thickness measurements. The microscopic dimensional measurements

of cross-sections of the area of greatest material loss were
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applied to determine the thickness of the remaining sound metal.

The measurement of the thickness change was considered to be
more valid measurement of the material wastage because the weight
measurement included material erosion wastage, the remaining
oxide scale, and ash deposition. The material wastage conditions

were summarized in Table 2.

Table 2. Material Wastage Test Conditions

Particle Velocity 60 m/s
Particle Impact Angle 30°
Bed Particle Loading 375 g
Erodent Particle » Bed Ash A3
Environmental Temperature 750°C
Specimen Surface Temperature 300°C
Testing Time 4 hours
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SECTION 2

RESULTS AND DISCUSSIONS

2.1 Erosivity of Erodent Particles

Bed ashes retrieved from the operating biomass-fired boiler
demonstrated high erosivity, which is characterized by 1low ash
and low sulfur contents. Thus, the erosion potential of the fuel
is relatively 1low. However, other media is added into the
combustor in order to provide a sufficient amount of circulating
material. Typically sand (silica quartz) is used which has been
shown to increase the erosion wastage [4]. Chemical analysis and
EDS spectra results confirmed the high concentration of silica

quartz in bed ash particles as shown in Table 1 and Figure 3.

The high erosivity of these ash particles can also be relat-
ed to their larger mean particle size and to the presence of
"chemically active" compounds in the ash particles. Such com-
pounds contain potassium (K), sodium (Na), phosphorous (P), and

chlorine (Cl) which increased the material wastage [5].

2.2 Mategial Wastages and Their Ranking for Different Test
Specimens

Material wastage results compared with the data of isothermal
specimens (uncooled specimens) as shown in Figure 4. It can be
seen that the cooled specimen had greater material wastage than
that of the uncooled specimens. The data shows that the cooled
1018 steel specimen lost the highest thickness, while the thick-
ness loss of cooled coating specimens had less increase compared

to that of uncooled coating specimens. It seems that the effect




Material wastage(thickness loss)

Target Cooled specimens Isothermal specimens
Material pm Rate(um/g) pm Rate(um/g)
1018 494 1.317 306 0.816
DS-200 43 0.128 38 0.101
DS-105 28 0.0747 18 0.048
Rokide C 32 0.0853 23 0.0613

s00 o 494
450 +
WCooled specimens
400 Clsothermal specimens
350 4
) 306
; 300 + ‘
% 250
é 200
= 150
100 +
50 + “ 38 28 4 32 44
; B =" =
1018 DS-200 DS-105 Rokide C

Figure 4. Comparison of erosion wastage data.




of cooling specimen on the erosion wastage for 1018 steel is
greater than that for thermal sprayed coatings. The test results
also indicated that all of thermal-sprayed coating specimens for
both cooled and uncooled specimens reduced the erosion wastage as
compared with 1018 steel. 1In comparison to the testing for both
the cooled and uncooled specimen showed the same ranking of the
material wastage rate. Among the three thermal-sprayed coat-
ings, the CrsC: coating of high velocity oxygen fuel spraying
(DS105) exhibited the lowest erosion wastage rate as shown in

Figure 4.

2.3 Effect of Particle Impact Velocity

For the low particle velocity (2.5 m/s), the oxidation of
surrounding surfaces after 96 hours was combined with very 1low
erosion wastage rates [1,3]. At the low velocity, the oxide
scale-particle deposition layer developed at low elevated temper-
ature condition (300°C), which causes less wastage loss [3].

When tested a higher particle velocity (60 m/s), but at
the same elevated temperature, the metal wastage dramatically
increased to 494 um for cooled 1018 steel, which was 20 times
higher than that of cooled 1018 steel at low particle velocity
(2.5 m/s). For the higher velocity (60 m/s), the material wast-
age rate of all three coatings was about 6 to 18 times higher
than that of the material wastage at a low particle velocity (2.5
m/s). A possible reason for this is the influence of particle
velocity on metal wastage: particle energy, at a higher velocity,
is sufficient to cause a continuous increase of the material

removal rate {6].
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