Chemical Engineering 733
Coal Combustion

Ash Deposition Discussion
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Question 1: Discuss some of the different physical mechanisms that result in deposition of mineral matter on
furnace walls and boiler tubes. Also, please discuss the influence of particle size (in relative terms) on each
mechanism.
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FiG. 1. Schematic of ash formation processes during coal combustion

J. Helble, A. Sarofim., Factors Determining the Primary Particle Size of Flame-Generated Inorganic Aerosols
Journal of Colloid and Interface Science. 128 (2), 348 — 362
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Fig. 3. Conceptual illusiration of inertial impaction mechanism on a cylinder in cross flow. One
rebounding and one sticking particle are also illustrated.

L. Baxter., Ash Depostion During Biomass and Coal Combustion: A Mechanistic Approach. Biomass and
Bioenergy. 4 (2), 85-102
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Fig. 6. Schematic illustration of condensation on a tube in cross flow, Fig. 7. Schematic illustration of chemical reaction on a tube in cross flow.
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Impaction & Eddy Diffusion
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Figure 2.7: Example of deposit formation on a superheater.

B. Li., Modeling of Fireside Deposit Formation in Two Industrial Furnaces. Doctoral Thesis, Abo Akademi, 2004




Question 2: What is the difference between slagging and fouling

Slagging — Deposition of ash particles at temperatures above the ash melting point
(happens in the radiant section of the boiler)

Fouling — Deposition of ash particles at temperatures below the ash melting point
(happens in the convective section of the boiler)




Question 3: What is soot blowing, and why is it important?
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Question 3: What is soot blowing, and why is it important?

Hunter, Unit 3 Soot Blowers
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Question 3: What is soot blowing, and why is it important?

Hunter, Unit 3 Soot Blower Controls, Left Wall

a] [z

Bl

65 Hss Has J[ss [s |

57 Haz Jis7 27 |
59 J[as |20 ] 28] 1

~
£l

1369 KLBWHR
(57 )55 JHOOH53 {351 3G

K5 4 X3 X 2 JOK)

3

@
=

5
o5
]

GIEEE
=2)(2) ZIEIEE) (2] 3]

¢




Question 4: How can deposition affect heat transfer in the furnace?

Heat transfer model « Resistance
e Thermal conductivity
Stesm Tube  Deposit Flame * Steel 45 W/mK
Tt « Coal Ash 0.29 —0.58 W/mK
Inciden: radistion
HwoT!
::','ﬁ“' — LosTing * Radiation
Emitted radiation mi?ﬁ“ * Emissivity
. w « Steel 0.79-0.85
FiG. 1. Outline of the heat transfer mechanisms to and through deposits, from Wall ef al.* * Bituminous ash 0.6 - 0.9

e Subbituminous ash 0.4 - 0.8




Question 4: How can deposition affect heat transfer in the furnace?

Water cooled cold target in a hot furnace




— e - - _—_- 3 sl o = s
R D T T TR e N e T e peenlle L e e SR e S Ay N e N Lo i e o ol e P e ,"ﬁ'

Question 5: Why would the deposit on the upstream surface of a steam tube be different than the deposit on
the downstream side?
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Fig. 11. Fouling deposit on tubes in convective pass.
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Question 6: Please describe some of the factors that affect deposit strength?

Densification

Deposit Strength > Sintering » f(Temperature)




Question 7: Summarize some of the main deposition problems when co-firing biomass with coal.

Table 7.3: The major mineral transformations that occur in the flame when firing coul and

bicimass marerials. * Biomass has less ash than coal

a. Conl minesal transformations —— * Biomass has more alkali and
alkaline earth metals

Consliluent Mineral transtormalion

Si0. partial melting, cracking, rounding of edges o Organi caIIy associated

Clay minerals dehydroxylation, melling in some cases _ .y i e .

Pyrite (FeS.) decomposition to pyrrhotite (FeS) and iron oxides aporize in the flame an

Calcite/dolomile decarboxylation 1o GaO and mixed Ca/Mg oxides condense later

Na compounds decompaosilion, release ol Na species into the vapour phase

* Synergistic effects with coal

b. Biomass mineral transformations e e « Are all biomass created equal?

Conslituent Mineral transtormation
Si0, partial melting
K/Na salls decomposition and release ol K/Na species into the vapour phase

Ca salls decomposilion to Ca0O




Question 7: Summarize some of the main deposition problems when co-firing biomass with coal.

Table 4. Percent Elemental Ash Composition of Different Biomass Materials

Sample Si0z | Ca0 | K20 | P20s | Al:Os | MgO | Fez03 | SOs | NazO | TiOz | Reference
Poplar bark 186 7731 893 | 248 | 062 | 236 074 | 074 | 484 (012 | Kang et al.

Willow 61 |46.00 2340|1301 | 196 | 403 | 074 |300| 161 |006 Kaﬁgg al
Hybrid poplar | 500 |49.02 | 964 | 134 | 084 | 1840 | 140 | 204 | 0.13 | 030 Jeﬁl?i?‘l: el
Wood residue | 5315 | 1166 | 485 | 137 | 1264 | 306 | 624 | 199 | 447 |057 K:i}g; i?if_
Wood pellets | 430 | 56.90 | 16.80 | 3.90 | 130 | 850 | 150 | - | 0.60 | - Rozyoggﬁ
B(aPnthgo 900 | 446 | 5338 | 2033 | 067 | 657 | 067 |368| 031 |001 | Kangetal L. Nelson, S. Park, M. Hubbe., Thermal Depolymerization
Mi;:r;iﬁus 5642 | 1077 | 1975 | 554 | 079 | 301 | 094 | 228 | 047 | 003 Kaﬁgg al of Biomass with Emphasis on Gasifier Design and Best
Sorgham S I T e e R Kaﬁgg — Method for Catalytic Hot Gas Conditioning. BioResources,
o ng ef 13 (2), 4630 - 4727
Switchgrass | 66.25 | 1021 | 964 | 392 | 222 | 471 | 136 | 083 | 058 | 028 | Kang et al.
Banagrass | 3859 | 4.09 | 49.08 | 3.14 | 0.92 | 1.96 | 0.73 0.44 Rozyoég‘l 7

Comstover | 5189 | 8099 | 2638 279 | 028 | 6.09 | 112 (220| 0.08 | 0.01 | Gresham

2012

Cotton gin 41.80 | 10.80 | 1050 | 260 | 310 | 330 | 070 | 590 | 060 - Capareda
trash 2014

Wheat straw | 50.35 | 8.21 | 2489 ( 354 | 154 | 274 | 088 |424| 352 |0.09 | Kang ef al.
2014

Rice husks 9448 | 097 | 229 | 054 | 0.1 019 | 022 | 092 | 0.16 | 0.02 | Kang ef al.
2014

Sugarcane 46.79 | 4.91 695 | 387 | 1460 | 456 | 1112 | 357 | 1.61 | 2.02 | Kang et al.
bagasse 2014

Sunflower 2366 | 1531|2853 | 713 | 875 | 733 | 427 | 407 | 080 | 015 | Kang ef al.
husks 2014

Chicken litter | 577 | 56.85| 1219 | 1540 | 1.01 | 411 045 | 359 | 060 [0.03 | Kang ef al.
2014

Mixed waste | 2862 | 763 | 016 | 020 | 5353 | 240 | 082 | 173 | 054 | 437 | Kang et al.
paper 2014

RDF 3867|2681 023 | 0.77 |1454 | 645 | 626 | 301 | 1.36 | 1.90 | Kang ef al.
2014

Sewage 3328|1304 160 (1588 | 1291 | 249 | 1570 | 205 | 225 (080 | Kang ef al.
sludge 2014

Wood yard 6010 | 2392 | 298 | 198 | 3.08 | 217 198 | 246 | 1.01 | 032 | Kang et al.
waste 2014




Question 8: Suppose we knew everything about mineral matter deposition, including all of the chemistry,
particle sizes, velocity patterns, and temperature distributions. What could we do with this information to
make money?




Measurement Methods for Deposits

* CCSEM — Computer Controlled Scanning Electron Microscopy
e XRD — X-ray Diffraction
* ToF SIMS — Time Of Flight Secondary lon Mass Spectrometry
* SMPS — Scanning Mobility Particle Sizer
e APS — Aerodynamic Particle Sizer
e ELPI - Electrical Low-pressure Impactor
* BLPI - Berner Low Pressure Impactor
e Deposition Probes
* Coupons
e Real Time Mass Measurement
e Corrosion Probes
* Coupons
 EN - Electrochemical Noise




CCSEM

* How might this be different for deposits than for coal




XRD

X-ray diffraction (XRD) is a highly versatile technique that provides chemical information for elemental
analysis as well as for phase analysis. Besides chemical characterization, XRD is extremely useful for
stress measurements as well as for texture analysis. Samples to be analyzed using XRD must be
crystalline however the technique can provide the degree of crystallinity in polymers
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Figure 2.8. XRD pattern of a corroded low carbon steel pipe damaged through

flow-accelerated corrosion




ToF SIMS

ToF-SIMS is an imaging mass spectrometry (MS) technique that allows us to obtain
isotopic, elemental, and molecular information from the surface of solid samples. A pulsed,
energetic “primary” ion beam bombards the surface and induces a collision cascade,
liberating “secondary” ions that are then sent to a time-of-flight mass analyzer for detection




SMPS / APS
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