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EC/ Project ,,.SIMEX“- Overview

= Background : Sulfate-rich deposition (fouling and sintering) during combustion
of Rheinland lignite coal

= Qbjective : Develop models, that improve understanding of ash formation and
deposition mechanisms in coal fired boiler on the basis of the research in project
“SIMEX”

= Project Parthers: RWE Power AG, Research Center Julich, Applied University
Zittau, TU Freiberg

Subjects:

Interaction of S-, Na-, Ca-, Si- amount in the ash.

Effect of O,-level in the fuel gas on the deposition behavior.

Influence of the included und excluded minerals.

Reduce the deposition during mixed coal combustion.

Thermodynamic investigation on the sulfate system (Na,SO,-K,S0O,-CaS0O,-

MgSO,).
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Schematic of a steam plant
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Schematic of a steam plant
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@;/ Excluded and included minerales

Diffe rent forms of ash-forming matterin coals and biomass

Watersoluble
ash-fooming matter

Included mmenals

_COO'K OO0y
) _-COO

//// -COO'Na’

Exluded mmenals Organically associated

ash-forming matter
Daniel Lindberg 2002

Thermodynamic equilibrium calculations on the combustion of five different



@:/ Theoretical air requirement and excess air coefficient

= Calculation table of o, of solid and liquid fuels

column 1 2 3
Feed material Combustion product Oxygen demand
m302
row Kgr
1 C CO; 1.867 - C
2 H HO 5.600 - H
3 Sc SO, 0.700 - S
4 @) 0.700 - O
Sum: Omin
3 3
100 M Adry M~ Adry ’
Imin,dry = E " Omin K or 3 [ ]
OF mr
m3A wet mSA wet
-3 , ,
|min,wet = |min,dry + fW,A -1.244 . 10 - |min,dry or 3 [2]
ng m r
m3A d mSA d
,ary ,ary
|dry =\ |min,dry or T 5 [3]
ng m r
m3A m3A
,wet ,wet
lwet = A- |min,wet or 3 [4]
ng m r
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The ultimate and proximate analyses

Coall Coal? Coall Coald Coalh Coalb Coalf
C fla.-% 20 250 325 330 4 295 30,16
H fla.-% 19 19 24 25 24 21 232
M fila.-% 04 03 04 05 04 04 0,38
8] fila.- % 10k 10,8 130 124 13,1 124 13,19
Sc fla.-% 01 0,1 00 02 0,1 0.2 002
Aschegehalt fla.- %% 24 17 17 22 a3 71 503
Wiy il .- % g8 2 B0 2 495 49 4 494 482 4858
Summe fla.- % 1000 1000 1000 1000 1000 1000 100
Hu kJ/kg 8355 0 8003 0 110810 114340 10643 0 4808 0 10109
Cfix fila.- % 165 156 215 200 183 198 18,36
Fliichtige fla.-% 221 225 25 285 286 249 2
l ik 122 246 1682 283 202 140 207
Si0; fila.- % A 183 1 46 128 230 44 52 2333
Alpg fila.- % 230 723 174 155 418 19,21 723
Feqls R 10,21 a1.80 993 4G5 1050 275 25,7
a0 fla.- % 36 50 2958 3829 3716 2950 13 60 2089
MgO fla.-% 747 737 17,73 16,93 12,88 5,89 8,58
50, fila.- % 1352 1952 1952 24 36 1283 a0 5§53
Maz0 fila.- % 0,23 053 944 747 418 213 157
K0 R 0,41 027 0,74 0,71 052 0,75 0,3
Ti0, fila.-% 0,24 0,31 0,11 0,11 029 105 0,4k
(P30g)s fla.- % 0,02 0,02 0,01 0,01 0,02 0,08 0,10
Trace element fla.-% 1,30 1,34 102 076 183 1,00 1,73
Total 100,00 10001 100,00 100,00 100,00 59 03 100,05




(e,

The ultimate and proximate analyses

Coald Coal125: Coal2 75 |Coall 50 : Coal2 50 [Coall 25 : Coal2 75 Coall
C fda.-% 330 3 295 XA 260
H hla.- % 25 23 272 2,1 15
I fda.-% a5 a4 04 04 a4
] ha.-% 12 4 118 1A 11,1 10 6
Se fda.-% a2z a2z 01 a1 a1
Ash ha.-% 22 23 2A 2B 28
L ha.-% 49 4 81k 538 A6 0 a8 2
Tatal hda.-% 100,0 1000 100,0 100,0 100,0
Hu kb 1143410 106RS 3 8596 5 227 B A3359 0
Cix ha.-% 200 19 2 18 4 17 B 169
Yolatiles ha.-% 285 284 253 237 221
l mofky 2830 2428 202 A 1623 1220
S0, hla.-% 1.3 g2 16,0 20 24
Al 04 hla.-% 1h 18 20 2.2 23
FesOs hla.-% 97 98 10,0 101 102
Cal ha.-% 372 a7 37 370 B4
i) ha.-% 169 141 1Mk 9.4 75
50, hla.- % 244 211 18,2 157 135
Mas 0 ha.-% 75 a3 34 1.7 az
kL0 ha.-% az a5 05 05 04
TiO, ha.-% a1 01 nz oz az
(P20 ha.-% ao ao oo oo ao
Trace element hla.- % 08 o9 1.1 1,2 1.3




Ash analysis
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Solid-Slag diagram of condensed phase
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Solid-Slag diagram of condensed phase
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Solid-Slag diagram of condensed phase
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'Na-distribution: Coal1 & Coal4
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129 Na-distribution: Coal1 & Coal4
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=99 Na-distribution: Coal1 & Coal4 +
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Ca-distribution: Coal1 & Coal4
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=9 Ca-distribution: Coal1 & Coal4 +

Ca-distribution [Ma.-%]
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M8 ca-distribution: Coall & Coal4
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Si-distribution: Coal1 & Coal4
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129 Si-distribution: Coal1 & Coal4

Si-Distibution [Ma.-%]
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Ec/ Si-distribut

Coal1 & Coal4
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. Summary and Conclusions

» Ash deposition behavior has been simulated in consideration of the mixed coal
combustion and O,-level as well as the slow reaction rats of excluded minerals
in the combustion atmosphere .

 Increasing the Coal1 fraction reduces the molten salt faction (reducing the
fouling risk) due to the higher content of silicon in ash.

 Increasing the Coal2 fraction results in the formation of Ca-silicate (Melilite) and
reduce the Na-Ca-sulfate fraction as well as lower combustion temperature.

* Most sodium is released as NaOH g, .Na,SO,, and NaCl, .

« Na,SO,(l) is formed between 1050-750 °C and it may induce the Fouling of
ash on the furnace wall.

» The reactions of capture of gaseous Alkali can be summarized as follows :

» Gaseous alkali hydroxide NaOH(g) and alkali chloride NaCl(g) combine with
SO, to from sulfates

» Alkali chloride and sulfates directly condense during the gas cooling



' Generic Model of temperature profiles in furnace with slag
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@:/ Monolayer model /ash deposition

Condensation and solidification

L: Liquid/Slag
G: Gas
S: Solid

Further works on IEC
coming soon !!!!
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