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ABSTRACT

Various approaches have been proposed to predict the ash deposition (slagging and fouling) propensity of
coal, which is essential in maintaining high efficiency and preventing corrosion/damage of a coal-fired boiler.
The common method is to establish an index of the ash deposition propensity based on elementary coal
composition and advanced characterization of ash properties, which is readily applicable to design, operation
and maintenance of coal-fired boilers. Although many indexes have been developed for this purpose, their
validity is still not satisfactory in actual applications to particular coal types or operating conditions. This paper
reviews the status of predictive approaches for the ash deposition propensity, and assesses the performance
of existing indexes by comparing the results for selected coals. This work will contribute to the development
of a comprehensive and practical method for prediction of the ash deposition propensity.
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Fig. 3. Summary of ash deposition prediction approach.
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Table 1. Existing indexes

Index Definition Ash deposition propensity
Low Medium High
IDT Ash fusion temp >1316TC <1316T
Fe,05+Ca0+MgO+Na,0+K,0)/
B/A (Fe: 3(Si02+A12gO3+Ti(2)2) 0) <0.2 0.2~0.4 | 0.4~0.55
Rs B/A x %S <0.6 0.6~2 >2
Slagging Dp% (CaO+MgO)/(Fe,03+Ca0+MgO+Na,0+K,0) |High value means low deposition.
Silica ratio Si0,/(Si0;+Fe;03+Ca0O+MgO) 0.8~0.72 | 0.72~0.65 | 0.65~0.5
I/C(Iron/Calcium ratio) Fe;05/Ca0 <0.3&>3 - 0.3~3
Silica/Alumina ratio Si0»/Al03 <1.4 1.4~2.8 >2.8
IDT Ash fusion temp >1177°C <1177C
Cl% % Cl in coal <0.2 0.2~0.3 >0.5
Fouling Fe;03+Ca0+MgO+Na,O+K,0)/
Rf ((szioz+A1203+ T%Oz) XZ%N:ZO) <02 0.2~0.5 >0.5
Total Alkalis (Na,0+0.6589K,0) x %ash/100 <0.3 0.3~0.45 >0.45
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Table 2. New indexes

Z B/A7} £ 8o B3 AL BHeE7] o3l
Lg2E9 42 Ao H Rfs7f S ¢ldlA
2 AletE] Qi) E3F Watte} Fereday?] Hx= o=
27102 5E AdE S A9 A Ris[28]=
P AA 2= A= A= 25 kg/ms9] &
T Tosdt AT 1000 kg/m's Qo] &% Tyl &
HE A4bEct E3, Lawrence 5292 47| AE4
(Thermo Mechanical Analyzer, TMA) A& A ¥}, 1]
I Agte] TR 3 e ned MRS SHA
olul 2, BHEL(Bharat Heavy Electricals Limited)S A
orgh vl gitk. T2 YA EH O o
e SR o) hztegre] BAE golHi o
27} A|9kE 9}, 382 AFSHA T} Dolomite®] 3+
WD)l whah ek SR Zey spen n
A& % 9tk o2 LEfs ID olg A2 S35

o=

ﬂil> 05 I

o Ash deposition propensity
Index Definition - -
Low Medium High
Rfs (4IDT+HT’)/5 1505~1615C | 1325~1505C | <1325T
Slagging Rts (Tas-Tr000)/(0.75 x f5) <5 5~10 >10
BHEL Ru /Tu X %as/HHV <80 >80
Fouling Total Alkalis Fired 100 x (%ash x (%Na,0+%K,0)/HHV >0.4 0.4~0.8 >0.8
Slagging/ I/D(Iron/Dolomite) (Fe,03)/(CaO+MgO) <*: Lig. ash >* Bit. ash
Fouling | B/L(Bit. ash/Lig. ash) | (%ash x %S)/(%K,O x %Na,O) x I/D | <*: Lig. ash >* Bit. ash

"HT: Hemispherical temp.,

Tm: Temp. corresponding to Rp,

“s: Severity factor according to temp., "Ren:
HHV: High heating value,

Max. rate of shrinkage for o peak,
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Table 3. Slagging propensity from indexes and comparison with lab. scale experimental data

Coal Existing index New index Lab. scale Exp.
oa
B/A Rs Silica ratio | I/C Silica/Alumina B/L Exp. Comparison
Anglo (SB) M L L H M Lignite ash H .
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Table 4. Fouling propensity from indexes and comparison with lab. scale experimental data

Conl Existing index New Index Lab. scale Exp.
0a
Rf Total alkalis Total alkalis fired B/L Exp. Comparison
Anglo (SB) M M L Lignite ash H )
- — Anglo<Tanito
Tanito (B) L L L Bituminous ash H
e 3lolsk A o)tk . :
Hebds Sld e g L ) Fouling_Rf (Denisovsky B)
ole ol wHE T R oSS wed 9l
HAg B3 oS ATE HojRE Fig 5of oMzm  ANTomOT
Ut Ut ek BT e FolH §  Aonre m——
7]%‘ ﬂ'i}%oﬂ EH?:S_]_' /1\_]'*6] /?l'— %94 H oﬂ NaZOQJ 61.31' Raw coal ash —
o ako 7173 3lH =20l R F|urAlHo
e = J—E:‘td' Rf, :‘ﬂ"r a2 0‘6‘4 T “ﬂ = o'\rxl o 0.05 0.1 0.15 0.2 0.25
Na, 02} K,09] H|E YErE= Total Alkali 12|31l

AR B 24 F A AR WS Folw
Total Alkali Fired QHIAE &3] 023 HAEE 4
=3)] HQrt}. Total Alkali®} Total Alkali FiredS %
3 &3 w&d JEe wFol ot A FYst
A vgko, RfEZ 53 ASad= &5l =t ot
2 vehgE g1 & Sl

chebal Sl 22 olElad] HE dEge v
Bohal 127) o1l BE % AFS Fol B 223 4
Lo tfa AAIE 27FA] ol diste] ohA At
chabe QU AS Fo dla B3 1 AE A
2k} vl FH7Fe) 2k} 5]. Table 33} Table 4= Z};
2 &7 shewo) wim AT ekl Holch
oA HolRol, A AL I/IC AU AE 53
&gkl AR 5dstA UEhaL, Silica/Alumina
% ou A usebA a2t 2747 ko) Ak
Al B Ao tfstol = BLL QJIYAE T3l o
&star Qlok sFAEE, Y x| thE QlEl A B/A, Rs,
Silica ratio 5= A@ gty AerE A5 Holil gl

T =4
& 318 4 gk

ic)

u

o
©
ol
o
l
¢
|
|

28t AL Qe FA 4 Atk AT 5Y
a7 BLS 58 2717 whgo] Arael Rabye
o g BEyto] ARga we-g BHelat 5 9k
o)AMY B w=Rol A HrhE Aulse] A9, A 4
olF o|E Auts molnt

B oAgolA kg Qe od WS A
gholl glofA] 7t lelso] gl Apgrel Tigk ofs)e}
o7k Haste #ela 4 9l9th Fig 6& DIE, 4

Fig. 6. Different prediction through a index according to
the origin of coal ash[13].

Al Aa7] Z2R|al deko A 9] Bl =A%k 2 ¢

e
Sgro sho] Qlus REE B vhed S oS
sk Astolch. ol Belg 4 glkol, DTFSH

AR Az7lel A ARE 23 dlolE g A gstu
w7 o] F1 AEQ Aow BYEo, o

SolAle] B3 RS o At HH Aol
PR EEPENSEEERINE PR LY
e BT ) 1 Es B gl ot of
se Fol7k WEA Wad Aow AzbHch B3,
FANFS F o YEsta g Bt 918
AAHIL Qi mehe Qg se] 48 A §g ol
3 o7k Wad Aolch. ekslo] AAHE
5, 53] §840
SEL ot )8 24
7] whgol] Tl Qs g A

! e ek ola7t SA Al Eojolx
g AR A4l F o A ST S U A

N

lo

6.2 2
2 =as 9 2 A AT d5S A A
¥ thokal A W ol dlste] s Kofel E3
AR TeFR A9 QlEAS] i) A EL o



A ol tiet g

33

(1]

(3]

(7]

et Juot WA ol chaRst wEo] tstol el
28 B7b) HAL RS, B ERelA A
A F3) 7Hsd 2 ) AR QlElxnich A= 4
ofgh 3% HANFS ek sEel 24 §5
Aol 719kt 712 QA As ngstua B3k 9
e Tefstel AokE QA F ARE AL 9
o Bast grol BF W2 AN EA ot oA
EoHch B £ ERo] A2 a3 Yetolit <)
Uag ANAL GAT, R ARG 4
o2 el et olshe] wgol B 4 U Ao
2 FhoEich ok, choR Q1|40 B 48
AehAel BHE Bl AgHola BEHel o8 §
A o2 wote] B2 mheistid mgo] | 4
& Aoz Azt

References

T. Moskal, S. Scott, Economic Consequences of
Boiler Cheanning Effectiveness, Technical Publi-
cation, Report No. DPTP-98-1, Diamond Power
International, Lancaster, Ohio, 1998.

H.D. Lee, J.K. Kim, Combustion Characteristics
of Two Imported Indonesia Coals as a Pulverized
Fuel of Thermal Power Plants, Energy Engg. J.,
19(2) (2010) 136-142.

J.G. Singer, Combustion, Fossil Power Systems:
A Reference Book on Fuel Burning and Steam
Generation, Combustion Engineering, Windsor, CT,
1981.

AF. Stam, W.R. Livingston, M.F.G, Cremers, G.
Brem, Review of Models and Tools for Slagging
and Fouling Prediction for Biomass Co-combu-
stion, Task 32, 2009.

H.Y. Park, EH. Kim, Y.J. Kim, H.S. Im, K.S.
Kim, J.E. Lee, Advanced Slagging Propensity of
Coal and its Assessment with the Conventional
Indices, Energy Engg. J., 21(4) (2012) 427-434.
S.H. Lee, C.S. Park, Prediction of Slagging Pro-
pensity of Coal Ash, Energy Engg. J., 4(1) (1995)
42-51.

S.K. Knudsen, Numerical Investigation of Ash
Deposition in Straw-fired Boilers- Using CFD as
the Framework for Slagging and Fouling Predic-
tions, Doctoral Thesis, Technology Institute of
Energy, University of Aalborg, Denmark, 2001.
K.J. An, B.H. Lee, S.I. Kim, C.H. Jeon, Study on
Slagging Characteristics of Hybrid Coals using
the Thermo-mechanical Analysis, The KSME Sym-
posium, 2013, 59-61.

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

N. Mendes, E. Bazzo, Characterization and Growth
Modeling of Ash Deposits in Coal Fired Boilers,
Powder Technol., 217 (2012) 61-68.

R.W. Bryers, Firing Slagging, Fouling, and High-
temperature Corrosion of Heat-transfer Surface due
to Impurities in Stream-raising Fuels, Prog. Energy
Combust. Sci., 29 (1996) 29-120.

S.W. Chung, H.T. Kim, S.H. Lee, J.S. Park, A
Study on the Slagging Behavior of Coal Ash in
Gasifier using DTF, Energy Engg. J., 4(2) (1994)
203-213.

B.J. Jung, High Temperature Viscosity Measure-
ment of Coal Ash Slags in Oxidizing Atmosphere,
Energy Engg. J., 4(3) (1995) 324-330.

B.C. Choi, H.T. Kim, Phase Equilibrium Analysis
of Slagging Propensity of Coal Ash in Combustion/
Gasification Environments, The Korean Society
for Energy Engineering Symposium, 1999, 75-81.
B. Jung, J. Yi, K.B. Lee, Y. Yun, Characteristics
of Coal Ash Melting in Bench Scale Entrained
Coal Gasifier, Energy Eng. J., 8(1) (1999) 127-136.
K. Kang, J. Lee, T. Chae, C. Ryu, W. Yang, An
Experimental Study on Slagging/Fouling Charac-
teristics for Various Coals in a 50kWth Pulverized
Coal Combustion System, The 45" KOSCO Sym-
posium, 2012, 107-109.

B.C. Choi, H.T. Kim, W.G. Chun, A Study on the
Slagging Behavior with Various Composition of
Coal Ash, Energy Engg. J., 8(3) (1999) 445-451.
Y.S. Kim, Y.H. Bae, J.J. Yoon, Influence of Bitu-
minous Coal Characteristics on Thermal Utility
Boiler Design, The KSME Symposium, 2002,
137-156.

B.P. Lim, B.C. Choi, H.T. Kim, Studies of Rate of
Ash Deposit of Various Coals for Analysis of IGCC
Fouling Effect, The Korean Society for Energy
Engineering Symposium, 2000, 61-66.

B.P. Lim, B.C. Choi, H.T. Kim, Numerical Model
of Ash Deposition Behavior in the Bench Scale
Entrained-bed Gasifier with DTF(Drop Tube Fur-
nace), The Korean Society for Energy Engineering
Symposium, 2001, 25-32.

L.Y. Huang, J.S. Norman, M. Pourkashanian, A.
Williams, Prediction of Ash Deposition on Super-
heater Tubes from Pulverized Coal Combustion,
Fuel, 75(3) (1996) 271-279.

H. Wang, J.N. Harb, Modeling of Ash Deposition
in Large-scale Combustion Facilities Burning Pul-



34 A3 - H449 - AR H
verized Coal, Prog. Energy Combust. Sci., 23 (1997) (2012) 1-11.
267-282. [26] K. Jang, K. Ham, K.Y. Huh, H. Park, Prediction

[24]

F.C.C. Lee, F.C. Lockwood, Modelling Ash Depo-
sition in Pulverized Coal-fired Applications, Prog.
Energy Combust. Sci., 25 (1999) 117-132.

Z. Ma et al., A Comprehensive Slagging and Foul-
ing Frediction Tool for Coal-fired Boilers and its
Validation/application, Fuel Proc. Tech., 88 (2007)
1035-1043.

M.Y. Hwang, C.H. Jeon, J.H. Song, G.B. Kim,
S.M. Kim, M.S. Park, Coal Ash Combustion Si-
mulation for 500-MW Coal-firing Boiler, Trans.
Korean Soc. Mech. Eng. B, 35(9) (2011) 939-946.
J. Hong, H.J. Jeong, J. Song, J. Hwang, Numerical
Study on the 300 MW Shell-type One-stage En-
trained Flow Coal Gasifier Apllied with 4-Layer
Slagging Model, J. Korean Soc. Combust., 17(1)

[27]

(28]

[29]

of Ash Deposition Propensity in a Pilot-scaled
Pulverized Coal Combustion, The 46" KOSCO
Symposium, 2013, 87-90.

J.D. Watt, F. Fereday, The Flow Properties of Slags
Formed from the Ashes of British Coals: Part 1
Viscosity of Homogeneous Liquid Clags in Relation
to Slag Composition, J. Inst. Fuel, 42 (1969) 99-
103.

T.R. Bott, Inorganic Transformations and Ash De-
position during Combustion, United Engineering
Trustees Inc., 1992.

A. Lawrence, R. Jumar, K. Nandakumar, K. Na-
rayanan, A Novel Tool for Assessing Slagging Pro-
pensity of Coals in PF Boilers, Fuel, 87 (2008)
946-950.



