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High-temperature Thermophysical Properties of the Flyash and Other Substances
Adhered to the Surface of Boiler Tubes of MSW Incinerator*

Yasuo Shino™*, Toshio Suzuki* *, Kenichi Kubo** and Akio Motoi™ *
** Clean Authority of Tokyo

Boiler steam conditions of MSW incinerators have recently been shifting to higher temperature and pressure to
attain more efficient energy recovery from the waste. Consequently, boiler tubes are now exposed to more harmful
environment than before. Flyash comprising particulate matters in the hot gas stream, part of which finally
accumulates on the surface of boiler tubes, plays a crucial role in erosion and corrosion mechanism of boiler
materials. However, the thermophysical properties of these substances at actual gas temperatures are not well
reported. Test samples were collected from several MSW incinerators in order to clarify high temperature thermal
conductivities of flyash adhered to boiler tubes, outer surface scale formed on riser tubes, and incinerated ash.
Results from the measurement showed flyash adhered to riser tubes and that to superheater have respective high-
temperature thermal conductivities and the thermal conductivity of outer surface scale on riser tubes has a
decreasing tendency with increasing temperature. Besides, two thermal conductivity values obtained from laser
flash and hot wire measurements of the identical powdered test sample presented a fairly good agreement if the
difference in bulk density was taken into consideration.
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Fig.1 Flyash adhered to the surface of riser tubes
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(a) Thickening flyash
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Fig. 2 Flyash adhered to the surface of superheater tubes
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Fig.3 Flue gas temperature variation at the inlet of superheater

Table 1 Testing Methods and Test Numbers

Testing Methods Testing Temperature 6 / °C
Test Sample
P Laser pyiwire 250 350 400 450 600
Flash
Flyash on riser tubes 14 1c
X 2a 2b 2¢c
Flyashon S.H. tubes X 3A 3C
X 4b
X 5a 5c
X 6d
X 7b 7d
n
Incinerated Ash x 8b 2 2
X 9b 9¢
Scale on riser tubes X 10A 10D

Note 1) Bottom ash collected from a moving grate furnace
Note 2) Incinerated ash collected from a fluidized-bed furnace
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Table 2 Chemical Compositions of the analyzed Flyash Samples /
wit%

Sample Ne Ca Na K Zn Pb T-S Cl
1A, 1C 19.4 7.8 6.08 125 0.03 223 226
7b, 7d 283 2.6 22 047 002 26 6.5
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Fig. 4 Schematic of laser flash method
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Table 3 Thermal Conductivity at High Temperature measured

by Laser Flash
Test Sample Test Ne ¢ ‘p p *
P ~C_107m¥s 10%/(kg K) 10°kg/m® W/(m*K)
. 1A 250 42 9.34 1.94% 0.8
Flyash tub
VASTORTSGTIUDGS e 400 34 9.94 " 0.7
3A 250 2.0 9.7 3 0.4
Flyash on S.H. tubes 193
3C 400 2.1 12,5 " 0.5
D)
Scale on riser tubes 104 249 34 8.23 4.95 22
10D 451 36 9.14 " 1.6

Note 3) Bulk density at room temperature calculated from the volume (410, £0.6mm or
¢5, t0.4Amm) and the mass of the fabricated test piece for thermal diffusivity
measurement

Note 4) Density at room temperature measured by gas replacement method

Note 5) Specific heat capacity measurements were performed based on the adiabatic
method and DSC for flyash and scale, respectively.

Table 4 Thermal Conductivity at High Temperature measured

by Hot Wire
[ P > k
Test Sample Test Ne c 16 kg W/m+K)
2a 250 1.235 0.37
Flyash on riser tubes 2b 350 " 0.35
2c 400 " 0.35
4b 350 0.723 0.16
S5a 250 0.890 0.20
5¢ 400 " 0.21
Flyash on S H. tubes 6d 450 0.878 0.24
76 350 1.038 021
7d 450 " 0.22
8b 350 1.099 0.26
Incinerated Ash 9b 350 1.436 0.31
e 600 " 0.38

Note 6) Bulk density calculated from inside measurements (290, w90,
1200mm or /250, w80, I85mm) of the alumina container under a
natural packing condition in the absence of any additional
pressure
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