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Chlorine Enhanced Hg-Oxidation

individual
Main global reactions Stoptemperatures
4HCI+0, <« 2H,0+2Cl, Chlorine-Deacon-Reaction 680 °C
SO, +Cl, + H,O0 < SO; + 2 HCI Chlorine-Griffin-Reaction < 380 °C (voiler exit)
SO, +% 0, <« SO, S0,/SO,-Konversion 900 °C
Hg + Cl, < HgClI, direct Hg-Chlorination” 580 °C ...... 480 °C

9 Hg + 2 HCl + % O, <> HgCl, + H,O indirect Hg-Chlorination in boiler not relevant,

but in SCR (V,O; as oxigen donator)

Plant test run evaluation results and model curves for Hg™®Y/Hg'"°®® at boiler exit

Combustion of —— N Combustion of coal
hazardous wastes wtoe] [ and Sewg':lge sludge
11 vol.% O, dry, at [ ‘ 5V0|.A)002 dry,

8 vol.% H,0 boiler exit50 | \‘Q: e 3.6 vol.% H,0

i
Stoptemperature of SN d_Sto?Lempﬁlrat_uret_of )
direct Hg-chlorination: 450 P Irec %'goog”na lon:
580°C 0 = 1 9 =
0 500 1000 1500 2000 2500 3000
Clv@l [mg/Nm? dry]
Hazardous waste incinerator Industrial power station (100 MW,yo1,)
Ly
b |
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Main global reactions

4 HBr+0, <« 2H,0+2Br,
SO, + Br, + H,0 < SO, + 2 HBr
SO, +% 0, < SO,

Hg+ Br, < HgBr,
SO, + Br, < SO,Br,
Hg+ SO,Br, < HgBr, + SO,

7 Hg + 2 HBr + % O, <> HgBr, + H,0

Bromine Enhanced Hg-Oxidation

(hypothesis Vosteen)
Bromine-Deacon-Reaction
Bromﬂe—.@riﬂﬁ'—'Reaction
SO,/SO;-Konversion
direct Hg-Bromination®
Bromine-Sulfurylisation

Hg-Bromination by SO,Br,

indirect Hg-Bromination in boiler not relevant,

but in SCR (V,0O; as oxigen donator)

Thermodynamics

in boiler temperature range

AG <0
ARG >>0
ARG <0
ARG <0
ARG <<0

ARG <0

Bromine > 25 times more effective for Hg™et oxidation than chlorine

in waste incineration as well as in coal combustion

(BAYER patent applications pending world wide)

100
~
- 80 N . .
Hgmet / Hgo \\ Hg-chlorination curve
boil. ex. . .
[Wt.%] ., O —BNL (waste incinerator)
=] \\
e
40 13>
s .
v Hg-bromination curve
20 +——— g . . B
(waste incinerator)
AN ||
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A) Closed Sulfur and Chlorine Balances

1) Balance including rotary kiln = acid srubber

mgs / Sulf * Sulphur Input as S, AS =400 mg S/Nm3 dry
3 ultur * SO, after ac. Scrub. =12.5 mmol S/Nm3 dry
Nm3 dry]
1200 , . . . . | * S0, before ac. scrub. P ACI, =12.5 mmol Cl,/Nm3 dry
. ‘ * 50,2 Output =886 mg Cl,/Nm3 dry
- FA | — 3 wt. % Cl, of Cltoa
o i (Cl, resuppression in boiler via Griffin reaction)
s ASO,
by SO,/SO, conv.
= a0 e S ., e 8 Wt'% Of StOtal
o . - . . v - m\\\\
0 5.000 10000 15000 20000 235000 20.000 ___> 900 OC - -
[mg Clow/Nm? dry] Total intermediate Cl,
2) Balance including rotary kiln © alkaline scrubber | n bo ||er ﬂ ue gas .
[mg CIH . o b
NS dry] Chlorlne output ac. srub. 4 Wt. % Of Cltotal

Cl- output alk. srub

acidic srubber .
oo | €—————

1 1500

+13% 99 % of total chlorine in

= Reduction of Cl,y, load
quench

1 wt. % Cl, of Clio@

' | (Cl, absorption in alkaline scrubber)
alkaline scrubber |

—] 1% of total chlorine in
’ |4 Y t~ alkaline scrubber ---> 680 °C for Cl-Deacon

. [mgCI“'/Nm3dry] < 380 °C for CI-Griffin (running until boiler exit)

B) Periodically oscillating SO, raw gas load

[Hg Hgmet/ [mg SO,/ [ug Hgoy/ “T SOzvoeren HO%tercar THO”ater werscr] ™ [ﬁrﬂfd?z]/
n v met - . ' ' ' ' '
Nmedry] T SOz THIaenwest Hgme T Nm? dry] Nmedry] Lo AW A A A bol e
boil. ex. | _ /\ A NS 7 .// _ boil. ex. cat. exit _ . . ex.
1A\ ] f\'/\/'\! ;\; and PNV ALV
}/ \/ f X/ VT \4 \ \ HE exit o B e 11 20 el O (ol iy
N b ARV AT, A i \{ \/ \/ | ; . |
'/i ,p\ " 0 : ; W b ;
h 0 A e P A AR U790 785 730 735 200 205 210
time [min] time [min]
Cl, resuppression by SO, in boiler -->less Hgex at boiler exit less residual SO, -- > less Cl, in SCR -- > less Hg-oxidation in SCR
--- > cocurrent Hgmet at boiler exit --- > countercurrent Hgex behind Tail-End-SCR
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Simulated Hg-loads (continuous and discontinuous mercury feeding)

Continuous Monitoring of Hgt°®@- and of Hg°*
with 4 or 2 x 2 monitors in parallel (HM1400 of DURAG/Verewa )

Heated ducts Data

notebook

2 external and 2 internal
measuring points
at Tail-End- SCR

H g total

Hgmet-Adsorption in SCR Hg°* -Desorption promoted by HCI/CI,
fter SCR
bﬁ;onrg ?ﬁs Hgbotles agi}x fr?ly, Cl, before SCR
1 x 26 g Hg) no Hgme Hgtota at stack

total 00 I tmet ]
:gme‘: e beloescr |~  Hgew cl, Hcl
HQ‘”‘3 2000 [ug/Nm3 o [mg/Nm?dry]
< ]

1500 L

1250

o HAg™e

g
1000 after SER—- after SCR—-

750
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