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Forms of slagging and fouling
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The Project VerSi
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* Project Leader: University of Stuttgart, IFK
Institut fur Feuerungs- und Kraftwerkstechnik

» Partners: Research Center FZJ-IEK2 (Julich)

SMEs: RECOM Services (Stuttgart),
GTT-Technologies (Herzogenrath)

* Industrial Supporters:
EON, Clyde-Bergemann, Vattenfall, ALSTOM
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Goals

echnologies

» Collection of plant data concerning ash/slag
formation and deposits

* Generation of a suitable thermodynamic
database

 Generation of a model based on interlinked
local equilibria

 Generation of a model based on CFD
« Comparison of plant data with models

» Adjustment of models and practical
applications
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Work Plan VerSi project
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« Data and Model for Hard Coal fired Power
Plant

« Data and Model for Lignite fired Power Plant

* Model adaptation for use in plant environment
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Ash compositions for Hard Coals
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Columbia South Afr. Russia USA
Component Unit SKC SKK SKR SKU

RS 22.1
7.1 4.9
15.4 6.8
0.7 2.9

0.1 0.2
0.2 1.3
1.5 0.5
45.4 57.1
2.5 3.2
1.4 0.9

Conclusion: The Al,O5-SiO,-X subsystems are of major importance !
The most important third component is Fe,O; = FeO,
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Phase diagrams pertaining to hard coal ashes
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Phase diagrams pertaining to hard coal ashes
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Phase diagrams pertaining to hard coal ashes

GTT-Technologies

T(O)

2400

2200

2000

1800

1600

1400

1200

1000

800

AlLLO, -Fe,O, -0,
p(O,) =0.21 atm

+

G’actSage‘"

A.Muan and S. Somiya 1959]

Slag

CORUNDUM + Slag -

+ £ + + +

SPINEL SPINEL + CORUNDUM

+ +1 SPINEL +Fe,AlLO, N N N

"r%* CORUNDUM

] CORUNDUM +FeALO; CORUNDUM + Fe,AlL,O,
T T T ~

e s
T T

CORUNDUM + CORUNDUM#2

20 30 40 50 60 70 80 90 100

Wt% ALO,/(ALO,+Fe,0,)




Phase diagrams pertaining to hard coal ashes
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Phase diagrams pertaining to hard coal ashes
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Phase diagrams pertaining to hard coal ashes
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Phase diagrams pertaining to hard coal ashes
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Wt% Melt as (T)
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Melting of different Hard Coals
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All phase amounts during melting of SKC
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SKC Hard Coal
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 Binary systems
Al-O

TiI-O

Al-Ti
Al,O,-TiO,
MgO-TiO,

« Ternary system
« Al-O-Ti
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Ti-Al-0
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Fig. 7 Experimentally determined isothermal section of the Ti-
Al-O system at 1100 °C with diffusion paths indicated [1992Li]

K. Das, P. Choudhury, S. Das. J. Phase
Equilib., 23 [6], (2002), pp. 525-536.
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Spinel — solid solution phase with end-members
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Model relevant Details of Boiler for Dust Combustion
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burner

\ coal mill

flue gas
recirculation
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Furnace chamber: SimuSage model

| Pararmeter IParameter52|

Prozess

| Resultate I Grafik |

CO=0.000554700213364556 %emol i J

02=0.617376190257522 %mol
Kessel3_au

119.01759 kg Bvdii”J

>

i=i+1

Iterator Ke:

119.01161 kg

|

Recyde_aug

ﬂ—)

Kessell_aus

—

Mixer

Mixer_aus

-

Kessell

Splitter2_aus
2 20
o
Splitter2

A
iq.ruhl
Splitter L
Luftl _
300. 780901116692 kg Splitter],_sus2

)

Luft2Splitter

i

Luft2

Kohle = Coal

Kessel = Boiler

Luft = Air

NOTE: Model ends at upper
end of combustion chamber




Furnace chamber model: User interface |

GTT-Technologies

Air supply:
On average or partitioned in four areas
. ,. -
n RWE Prozessmaodell - @ Coall Edit E@g
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Datum
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I H2 2,5958559316946
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SUM= 100%
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[ Reset l [ Clear ] ’ Cancel l [ Create ]
\ |

7

Temperatur in combustion chamber
Proportion of fluid / solid wet ash partitioned in three areas

Proportion of flue gas recirculation
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Furnace chamber model: Results |
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F_ RWE Prozessmodel

Prozess | Resultate

| Pararmeter IParametersZI

Kessell _aus Results: Splitter 1_aus2 Results

l
l

Gas_Kessell aus Gas_Splitter1_aus2
516.77209 kg Okg

l
l

Silikatschmelze_Kessell 2
3.02043 kg
(92.47831%)

Silikatschmelze_Splitter1 |
0.50409 kg
(18.49556%)

l
l

Salzschmelze_Kessell au | Salzschmelze _Splitter 1 a

Oka Okg
(0%)

l@
l

Oxide_Kessell_aus Oxide_Splitter 1_aus2

Dkg Okg
(%)

l@
l

Sulfate_Kessell _aus Sulfate Splitter1_aus2

0kg
?uﬁu ji)

l
l

Silikate_Kessell_aus Silikate_Splitter1_aus2
0 kg

(o)

lgﬁ

Others_Kessell_aus Others_Splitter1_aus2
0 kg Okg

Grafik

Kessel2_aus Results:

G

inl

i
3

: &
o
&
o]
&

Gas_Kessel2_aus
592.62925 kg

l

Silikatschmelze_Kessel2_z
2.4591B kg kg
(75.29426%)

l
l
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Okg kg
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l
l
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Okgkg
(0%)

l
l
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l
l

Silikate Kessel2_aus

0 kg kg
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l
l
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Silkatschmelze_Recyde_i
0.49184 kg kg
(15.05885%)
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(0%=)

Sulfate_Recyde_in

Okgkg
(0%)

Silkate Recyde_in

0 kg kg
(0%)

Others_Recyde_in
Okg

Kessel3_aus Results:

l

Gas_Kessel3 aus

(49.34561%)

l

Salzschmelze_Kessel3 au

Okg kg
(0%)

l

Oxide_Kessel3 aus
0.00774 kg kg

B
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Sulfate_Kessel3_aus

Okgkg
(0%)

l

Silikate_Kessel3_aus
0.39489 kg kg
(12.09067%)

l

Others_Kessel3_aus
0 kg

Phases are
compiled in
characteristic
groups:

Silicate melt
Salt melt

Solid oxides
Solid sulphates
others
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Furnace chamber model: Results lla
S Influence of coal blends on phase formation

100% HKN 100% HKT
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Furnace chamber model: Results llIb
Influence of coal blends on phase formation
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[ i RWE Prozessmo dell e B ) |

| Parame ters | Parame ters2 | Prozess | Resultate |  Grafik |
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Scheme of the RWE model
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Realisation with SimuSage, Part 1

GTT-Te Parameters
| Show Params | Tter B é 2 . 1_|?
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Realisation with SimuSage, Part 2

GTT-Tec FParameters

I Show Params |

i Y
2N

AS2C

Run
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Realisation with SimuSage, Part 2

GTT- Parameters

[Shnw Params | é |
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Test of model compatibility
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Report Editor

—— PageControll Proces==3 E_4 ——:>:

ChenDFI:

Fank (From, To):
FromUnit:
TolUnit

Streamn Type:
Amount
Enthalpv:
Temnperature:
Fressure:
Volune:

ASlag-lig#l
Amount :
Enthalpy:

SIHEX
1. 13
Fe=i_3
Cut_Temnp
ALL
21.8767 LMol
—-10A5748.0983 kJ
1z200.00 Z
1 bar
2 . 675E00R dm 3
0.03719 kMol

—27184 3822 kJ
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Al203
Si02
HaklOz
Cag
Fe203
HgO

Threshold Amount: 1 E
(3 [Nm3]. mals:

() [kgl, wit

P53

=0

W_Out?

Run

P

|

0.00171487
0.0132291
0.00225709
0.0111%6
0.0012944
0.00638229
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kMol
kMol
kMol
kMol
kMol

-3

Wl

(@) [khal]

Save

LW wal 2 | FT L

C_2WsC| 5F =0

r,
— 20
C_2W0 eaC
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Parameters

|

Kohle1
100 8%

QEI §§I

RWE Prozessmodell

Parameters2 Prozess Resultate Grafik
CO=0.00022 %mol H P
02= 3.72999 %mol Kessel3 _aus ‘K E’ ABL2
Keszel3 &0 kg
Report Editor
—— PageControll  Proces=Tab . Kes=seli_aus ——: >
ChemnDFI : SIHEX
Fanlk (From. To) : 1. 2]
FromUnit : Ke==esl3
Tolnit : CutputlUnit
Stream Tvpe: ALL
Amount 21.87687 LMol
Enthalpy: —-1065748 09359 leJ
Temperatures: 1200.00 Z
Fres=ure: 1 bar
Volume: 2. 675E0N0G dm3
ASlag-lig#l
Amount 0.03719 kMol
Enthalpy: 27184 3820 leJ
Constituents:
A1203 0.00171487 kMol
Si02 0.0132291 kMol
I HahlOz2 0.00225709 kMol
Mixer
Threshold Amount: 1E |3 =&
kgl wtz (0 [Nm3) molz (@) [kMol]
Save

Append



State of development
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* First test: re-produce RWE model by
appropriate choice of split factors

-> All numerical values agree 1:1 !l

* Now in progress: run model with split factors
realising no wall-sticking and no silicate by-
pass, I.e. extend RWE-model by stages related
to heat exchangers

* Next step: include silicate by-pass
* Then: include wall-sticking
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Summary and Outlook
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SimuSage based model using interlinked local equilibria

- Furnace chamber model with interactive user interface and
direct access to RWE mineral analyses database

- First step into development of a proper process model
for coal fired power plant
-> Furnace chamber with recirculation of flue gas
and input option for coal blends

(=>VerSi project)
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