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1. Introduction
GKS = Coal-, Gas and WtE-CHP-Plant
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Flow Chart of GKS GmbH

C-CHPP Steam Parameters:
115 bars; 535 °C

WLE-CHPP Steam Parameters:
65 bars; 435 °C

Kohle tiber DE 1 DE 2 Miill tber
Bandwaage Kohle J( Kohle Kranwaage
KoBw @ MiKw @

. . .

L] [ ] L]

. . M

. . u

L] [ ] L]

LN} 1 LN 2 LN |

110bar/525°C
TSWP
I
62bar/425°C
FD-K FD-K > @
@ TG 1 TG 2
17 MWel 12 MWel Strom-
Eigenbedarf
0,4kV
Gen 1 Gen 2
® TG 2 ® TG 2
6kV.
5-6bar Gegendruckdampf 6KV

] f Nutz-
VE-Wassernachspeisung Kondensation r parme
Nutzwérme
140°C Turb- Kihlturm Warme- an 20KV 20kv
sl O Eigenbedarf FW-Kunden ® ®
E 65°C S1 S2

Stromeinspeisung
ins offentliche Netz

b| fa : ISWA -Beacon-Conference, 25.-26. October 2007,
Umweltinstitut Malmo

G_IkS |

This Project was co-financed by the Baverian Ministery for Environment, Health and Consumer Protection within the European Regional Development Fund (ERDF)



Druckdifferenz [mbar]
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Extended Corrosion Diagram - WtE
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2. Understandinc
HTCI-Corrosion!

1
1

T

—_—2

H20-/
Tubeside

alkali sulfates Deposits-/

{ Flue gas side
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Examples for Coupling CFD and TEC

GKS-WtE-Boiler:

Velocity
I 5.000
3.750

2.500 7.892e+00

[7.0159+oo

1230 —6.138e+00

I —5.262e+00
0.000

[m sh-1] — 4. 385e+00

L 3.508e+00

—2.631e+00

1.754e+00

[3.?69e-01

0.000e+00

Used Programs: -

CFX and FactSage

204 : Na,[Mg,Cal__504(ss) - CasO4
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Boiler wall 300 OC
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Discrepancy: Calculation - Measurement

Calculation with FactSage: Main species at 600°C Measurement, identified Species at 600 °C;
2. Pass
0% 20% 40% 60% 80% 100% 20% 15% 10% 5% 0%
sioz 1 ' ' ' ' — sio2
ZnAI204(s) ZnAI204(s)

ZnCI2(g) B znci2(g)
K2ZnCl4 [ | k2zncis

K30cCl 4: K30Cl

KClI(Mischph.) L | KClI(Mischph.)

KCl(g) KCl(g)

K, NaCl |='=T K, NaCl

L i NaCl(Mischph.)
K2S04(Mischph.)
— S04)2
[ — K3Na(
Na2S04(Mischph.)
CaS04(Mischph.)

NaCl(Mischph.)
K2S04(Mischph.)

K3Na(S04)2
Na2S04(Mischph.)
CaS04(Mischph.)

Ca5HO13P3(s) i Ca5HO13P3(s)
KAISi206(s) | KAISi206(s)
PbClI2(g) | PbCI2(g)
Fe203(s) i Fe203(s)
Mn203(s) | Mn203(s)
NiO(s) NiO(s)
Mg2SiO4(s) Mg2SiO4(s)

CrSO4(Mischph.) [ Crso4(Mischph.)

CrCl2(Mischph.) [ crei2(Mischph.)
(Cuci)3(g) [ (cucna(g)
(CuO)(Fe203)(s2) [ (Cuo)(Fe203)(s2)
CaTiO3(s) | caTio3(s)
V205(s) [ v205(s)
CuBr3(g) i CuBr3(g)
amorph S : : : amorph
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Mass concentration [g/m3]

Normal Operation:
Particle Distribution

1
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Normal operation:

Chemical Composition of Particles — 3 Summed Fractions
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Secondary particle
(Na, K, CI)
* Cl-high,
decreasing
* S-low,
partially increasing

Coarse fraction:
Primary particle

(Ca, Si)

» Ca-high

* “Balance" increasing
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Chemical equivalents (HCI; SO,/2)

Normal Operation;
(De-)Sulphidation

Gas-phase: Particle-phase (< 0,2 um):
O HCI O SO, . = C| m S
60 : : N 14
o e (0p)
. 50 ' : S 121
& : 2 ]
0 40 . : P H10 =
E : : 828t
Ie) 30 ) ° C>U Ie)
= : : 26
= 2 : : o 4t
10| : : 3
- . = 2
[ ] [ ] g
0 ’ ’ O 0 i i i
1st 2nd BE 1st 2nd BE 1st 2nd 1st 2nd 1st 2nd
pass pass pass pass pass pass pass pass pass pass
519 n2 519n2 519n2 519n3 519n3 519n3 518 n1 518 n1 519 n2 519 n2 519 n3 519 n3
BE = Boiler End
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Corrosion Sensor

. Water cooled lance
Ceramic rings

NEANNN .
. Electrical contacts for thj } . Air Inlet
measurement ////"B' J K

Material Probes

. Air cooed sensor head

Water Fitting

Total Length ca. 3 m
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‘ Comparison: Plant Tubes vs. Sensor

Example:

3 months plant tubes: 3 months sensor rings:

Fe,Cl,
Fe .S,

Fe . O;

Alkali-Cl

Alkali-S
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Thickness of Layers
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Correlation: Wall decline vs.

. C icri (a) free corrosion potential
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Korrosionsleitwert [mAsY]

Sensor data — systematic temperature
variation
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FeCl;(9)

‘Reactions at boundary layers .

« 15Mo3/FeCl,: Oz \:_ICI’ Cla :: O,
2FeCl, + Fe — 3FeCl,
%
V4

Fe O + 0, Fe, O
. ) / — <3
FeCl,/Fe,O,: Cl, F‘ebl3(e Gas
4FeCl, +30, — 2Fe,0, +4Cl, Y~ o renseon

Fe, O, Ay
2F€C|2 + CI2 —> 2Fe CI3 FeCI3 < C|2FeCI2 FeCl,,, lon

FeCl, transport

*Fe,04/Fe 0,
4FeCl, +30, — 2Fe,0, +6Cl,

Metal chlorine (not complete
SIFELL Al — 2, Rt Metal sulfate Cg; until now!)

2NaCl,2KCl,CacCl, +3S0, + 30, — Na,S0,, K,S0,,CaS0, +3Cl,
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Umweltinstitut

NextGenBioWaste EFREKORR
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‘ How to avoid HT-Chlorine-Corrosion?

)

At superheater:

Chlorine Trap

HWS
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Chlorine Trap

Crossover 2./3. Pass

Actual situation
3 vaporiser tubes

(distance
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HWS — Effect of Cleaning
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Anteil

Adding Sulphur

Schwefelpellets, Mittelwerte, Vgl. m. Normalbetrieb 060801

Direct sulphur and SO, :

)/
0.1 7

5
0014 WA A4
v A —
D %

Massenkonzentration [g/m?]
g
Ve
/
\
I
\\\
.
e

0.001 =
Mittlere Zusammensetzung Zug 3 S-pellets (30,18 kg/h) - Mittl. Zus.-setzung Zug 3 :

0.0001 4

100% 100% - 0.00001 " " " " "
0.01 0.1 1 10 100 1000 10000

90% i 90% i PartikelgroBe [um]

‘ 22, SP, Mittelwert Z3, SP, Mittelwert = = -Z2,NB, 060801 = = -Z3, NB, 060801
80% - 80% A
70% | 70% | mRest

Cl
60% | 60% +— SR S
50% - 50% - mPb
40% 40% +—— E— Zn
30% — 30% - K
Na
20% A 20% +— Ca
10% — 10% +—— — Si
0% 0%
<1um 1-20pm >20um <1um 1-20pm >20um
Partikelfraktion Partikelfraktion

—> Increasing of sulphur content, without reducing chlorine
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4. Summary / Perspective

Boiler influences Gas/Aerosol within FG way
Chlorine layered large particles depositing by impaction

Interaction between flue gas and particles: sulphidation
with release of chlor(ine) in the deposits

Chlorine trap shall catch chlorides before SH

Attack of chlorine should be modified by using
process know-how or depositing protection layers

Next step: Better understanding of chlorine formation in
the combustion chamber (NGBW)

_____
-----
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