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GKS-Waste-to-Energy Plant
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Particles in Boller
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Macro-Chlorine-Balance

(Basedata: 5.000 m,2 RG / t yui 2 g Aerosole / m, %)

Fuel:

1.000 kg /'t pan
10 kg Cl /'t yan
(12 Mas.-% ClI)
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Typ: Leichtsl-Brenner 6 kg Cl as HCI /tMUII
Hersteller: Fa. Saacke

Brennstoff: Heizdl EL
Pumpenférderleistung : 5001/h
Anzahl Ventilatoren je Brenner: 1

Feuerung mit Abhitze- Multizyklon Spruhtrockner Gewebefilter Abgaswascher

SNCR-Anlage kessel
Haupt-Bypass

Clean gas:

6.000 Kg / t yyq
0,01 kg CI / t yyq
(0,00017 Mas.% Cl)

>

3 kg Cl as Aerosol | t yan

acke- [| Schlacke
bunker

Slag: Boiler ash: Cyclone ash: Residue:

250 kg / t v 7Kg 1t g 7Kg/t 20 kg / t v

1 kg Cl/ t 0,19kg Cl /t gy 0,8kg Cl / t 8 kg Cl /t
(0,3-0,55 Mas.-% Cl) (2,7 Mas.-% Cl) (11,4 Mas.-% Cl) (40 Mas.-% ClI)
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Medio-Chlorine-Balance

6 kg HCI / t 1,74 kg GWF-Aerosol / tyy

0,26 kg Belags-HCI / t

0,8 kg Zyklon-Cl / t yy —+>

10 kg Aerosol /'t
6 kg Cl aus HCI X\, 3 kg Cl aus Aerosol /t

B O A

0,19 kg Kesselasche-Cl / t
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Chlorine Turnover

Fly ash upstream of SH Fly ash downstream SH
with 17 Mas.-% Cl with 15 Mas.-% Cl

Fouling
with 2 Mas.-% ClI

Boiler ash
with 3 Mas.-% ClI

’ks Warnecke, R.: Thermochemical particle behaviour in the flue gas of waste incineration plants

At: GTT-User-Meeting, Herzogenrath, 2015
Gemeinschaftskraftwerk 7
Schweinfurt GmbH



‘ Particle size and consistence

Gemeinschaftskraftwerk
Schweinfurt GmbH

5 S 100%
g s umme 90%
Lgb 4 T Membran 80%
% 35 Prallplatte = 70%
© ' "é 60%
S5 ° 2 so%
e [ ]
c 20 - = 9
] 2 30%
N
§ 15 20%
c 10%
O 1
§ 0%
s 03 12 20 32 50 81 129 184

0 3.7Zug Partikeldurchmesser [um]

0.01 0.1 1 10 100 1000
Partikeldurchmesser d, [um] WAl mCa MMg/Ti/zn " Na/K BCl S "F WP
k Warnecke, R.: Thermochemical particle behaviour in the flue gas of waste incineration plants
G At: GTT-User-Meeting, Herzogenrath, 2015




CFD-ChemApp-Coupling

1,500 Species
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Consistence of deposits
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Combustion 1st 2nd Vertical-Boiler Horizontal-Boiler
Chamber Pass Pass 3rd 4th 3rd 4th
(CC) Pass Pass Pass Pass
On (End-) (End-)
Mid of right | Refrac- | Above |Medium | Super- Medium | Super-
Sidewall tory CC Height |heater |Eco Height |heater |Eco
SiO, 30,4 18,6 12,2 8,2 6,9 8,7 9,4 6,4 7,9
TiO, 2,7 2,5 1,6 1,2 1,2 1,3 1,1 0,8 0,6
Al,Os 9,6 7,2 51 3,5 3,2 3,7 3,2 2,5 2,3
Fe,Os 9,8 7,0 4,7 3,4 4,5 4,2 2,4 9,2 2,5
CaO 30,5 29,4 23,9 16,3 24,0 18,1 19,2 17,2 9,6
MgO 2,5 2,2 1,4 1,0 1,2 1,1 1,1 0,8 0,6
K,O 1,2 3,8 6,0 9,9 7,1 9,6 9,4 8,3 14,8
Na,O 1,9 3,4 3,6 6,2 4,7 6,3 6,4 6,1 9,8
SO3 3,1 15,5 22,4 34,4 36,1 29,5 33,9 34,5 35,4
Cl 0,7 1,7 4,8 3,6 2,3 3,9 3,6 5,0 4,0
ZnO 14 3,3 3,9 5,8 4,3 6,6 54 5,0 6,9
PbO 0,2 0,2 5,8 3,9 1,3 3,0 2,2 2,5 3,5
P,Os 3,1 3,1 1,9 1,1 1,3 1,2 0,9 0,8 0,9
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Parameters of Simulation
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No. : Educt- Amount: Unit:
Species:
(all in normal
conditions)
1/02 6 or 0[Vol.-%
2|H20 15(Vol.-%
3|CO2 10(Vol.-%
4|C3H8 0 or 3|Vol.-%
5|N2 Rest|Vol.-%
6|S02 0 or 400 or 4.000 or 40.000{mg/m3
7[HCI 1.600{mg/m3
8(CI2 0 or 5.000 or 10.000 |mg/m3
9(Ca 4.000|mg/ms3
10|K 500{mg/m3
11|{Na 500{mg/m3
12|Pb 250{mg/m3
13|Zn 250{mg/m3
Sum: Sum:
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Investigated Cases

Case 1 = oxidising Atmosphere with

Case 5 = oxidising Atmosphere with

less Chlor: Case 1.1: 02 =6 Vol.-% high amount of Chlor: Case 5.1: 02 =6 Vol.-%
— C3H8 = 0 Vol.-%
C3H8 =0 Vol.-% 502 = 400 mg/m?
SO2 = 400 mg/m? CI2 = 10.000 mg/m?
Cl2 = 0 mg/m? Case 5.2 02 =6 Vol.-%
Case 1.2: 02 =6 Vol.-% C3H8 = 0 Vol.-%
C3H8 =0 Vol.-% S02 = 0 mg/m?3
SO2 =0 mg/m3 CI2 = 10.000 mg/m?
Cl2 = 0 mg/m? Case 6 = reducing Atmosphere with
. . high amount of Chlor: Case 6.1: 02 =0 Vol.-%
Case 2 = reducing Atmosphere with C3H8 = 3 Vol.-%
less Chlor: Case 2.1 02 =0 Vol.-% SO2 = 400 mg/m3
C3H8 = 3 Vol.-% CI2 = 10.000 mg/m3
S0O2 = 400 mg/m3 Case 6.2: 02 =0 Vol.-%
Cl2=0 mg/m3 C3H8 = 3 Vol.-%
Case 2.2: 02=0Vol.-% o 10,000 majms
C3H8 = 3 Vol.-%
S02 =0 mg/m? Case 7 = oxidising Atmosphere
Cl2 =0 mg/m3 with medium amount of Chlor und  Case 7.1 (with high amount of
high amount of Schwefel: S02): 02 =6 Vol.-%
Case 3 = oxidising Atmosphere with C3H8 =0 Vol.-%
medium amount of Chlor: Case 3.1: 02 =6 Vol.-% SO2 = 4.000 mg/m?
C3H8 = 0 Vol.-% ClI2 = 5.000 mg/m?
_ Case 7.2 (with very high
igz__;g)é)o'?ng/?aa amount of SO2): 02=6Vol.-%
=2 gm C3H8 =0 Vol.-%
Case 3.2: 02=6Vol.-% SO2 = 40.000 mg/m?
C3H8 =0 Vol.-% Cl2 = 5.000 mg/m?
S0O2 =0 mg/m3
Cl2 = 5.000 mg/m3
Case 8 =reducing Atmosphere with
Case 4 = reducing Atmosphere with medium amount of Chlor and high  Case 8.1 (with high amount of
medium amount of Chlor: Case 4.1; 02=0Vol.-% amount of Schwefel: S02): 02=0Vol.-%
C3H8 = 3 Vol.-% C3H8 = 3 Vol.-%
SO2 = 400 mg/m? 332;;‘533%”;?;”33
Cl2 = 5.000 mg/m? Case 8.2 (with very high
Case 4.2: 02 =0 Vol.-% amount of SO2): 02 =0 Vol.-%
C3H8 = 3 Vol.-% C3H8 = 3 Vol.-%
S0O2 =0 mg/m? SO2 = 40.000 mg/m?
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CI2 = 5.000 mg/m?3
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Oxi.: HCI only,

no additional Cl (Case 1)
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Red.: HCI only, no additional Cl (Case 2)
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——H25(g)
—Hdl(g)
NaCl(g)

Ca0(s)
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——— KCaCI3(PRVKA)

CaC0o3(s)
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400

HCI “absorbed” mainly by Na, K
S “absorbed” mainly by Pb, Zn

CaO; KCI9 formation at 700 °C
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Oxi.: HCI, additional Cl (Case 3) s

Ubersicht

Cl to HCI, Na, K, Ca
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Red.: HCI, additional Cl (Case 4) s
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Oxi.: Alot of Cl + S (Case 7)

Cl to HCI,Na,K,Pb,Zn and
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Red.: Alotof Cl + S (
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Warnecke, R.: Thermochemical particle behaviour in the flue gas of waste incineration plants

Case 8)

——H25(g)
—S02(g)
HCl(g)

NaCl(g)
CaCl2(g)
Ca0(s)

NaCl(s)

— CaCl2(s)

— CaC03(s)
— CaS(s)

Cl to Na,K;

HCI>800°C;

Ca<600°C, less Pb

S to H2S,CaS and
ZnS,PbS atlow T

CaO,KCI9 formation >800 °C

KCaCl3(s-PRVKA)

KCaCl3 (s)

Kalium Spezies

KCl

400

600

At: GTT-User-Meeting, Herzogenrath, 2015

800

Temperatur [°C]

1000

1200

1400

Mol-KOH(g)

Mol-KCl(g)
Mol-KCI(ACL_A#1)
Mol-KCaCI3(PRVKA#1)

18



Vd

Réesumeé

For the waste-to-energy system:
Chilorine: First built species: KCl and NaCl
Next step: T < 800°C to CaCl2
T >800°C to HCI
Similarity between oxidising and reducing

Sulphur: First built species: PbS and ZnS<700°C
Next step: T<600°C and >1200°C to H2S
T>600°C and <1200°C to CaS

CaO formation is shifted from 800°C to 1100°C by
adding S and/or O

M(S Warnecke, R.: Thermochemical particle behaviour in the flue gas of waste incineration plants
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Stoffmenge [mol]

Ubersicht

—HCl(g)
Ca0(s)
CaCl2(s)
CaCo3(s)
NaCl(s)
NaCl(g)
CaS04(s)
CaCl2(g)

Temperatur[°C]

S}
S
[=
=]

Umsatz [%)]
&
8

60,00 80,00
Zeit [min]

100,00

120,00

Work of Daniel Ott,
Univ. Augsburg

140,00
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‘ Corrosion Diagram

Korrosionsdiagramm erweitert um
Einfluss von RG-Geschwindigkeit und Brennstoff-Chlor

gultig for Werkstoffe
ahnlich 15Mo3

500
v=5mfs und
Wg, ¢ << 0,5 Mas.-%

Indifferentes- /] P
; Korrosions- i O

Gebiet . o
Gebiet bt
katastrophaler 0
Korrosion >
©
. 400 G
Erweitertes UH 3 Q
v=5m/s und Korrosions- / %
Warc ® 0,5 - 1,0 Mas.-% Gebiet _, =
©
/O
// :
L
o
v=10-15m/s und wo

Wg, g * 0,5 -1,0 Mas.-%
Korrosmnsarmes- UH 1
Gebiet
n T T T T T T T 250
1200 1100 1000 900 800 700 600 500 400 300
=L h Fwindigkeit [Warnecke 2014]
1\:\f5rlc| :m?t?lggarr%erjgrmgslsirfalnte\I im Brennstoff RG-Tempel'atUI' [OC]
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G

Summary and Outlook

Corrosion at superheaters is a severe probleme

In waste-to-energy plants. Chlorine content of particle
causes this corrosion mainly

Particle can probably be influenced on their way or react
within the deposits

FactSage delivers a better understanding of the relevant
species

Next step is to extend the species with Si, Al, Fe and
Investigate the particle consistence

Kinetic investigations will be added to the
thermodynamic calculations
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Thank you for your attention and ...

many thanks to BMBF for funding MatRessource and
within this our project
“VOKos”
as well as to PtJ for managing the whole
MatRessource measure!

m ?yrrél:d\u:él sterium - Mat Ressource

und Forschung — % < : < wg
' nitiative des BMBF zu Materialien fiir Resso 2neffizienz
NG 7 Fik %3
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' Projekttréger Julich

Forschungszentrum Jilich
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