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&XUUHQWD *PE+�	�&R�2+*
former BAYER Industry Services

4 Rotary Kiln Incinerators 
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Fig. 1

�VW 6XFFHVVIXO�,QGXVWULDO�$SSOLFDWLRQLQ�RSHUDWLRQ��VLQFH���������8QLWV��

Hazardous Waste Combustion  plants with  30,000. .. 80,000 Nm³/h dry each,  
CURRENTA GmbH & Co OHG  in Leverkusen, Dormagen and Uerdingen, 

Germany. Waste heat recovery boiler (5), multistage scrubber (6, 7, 8),                           
wet ESP (9), DeNOx-SCR (11)

Injection ports 13, 14 and 15 for continuous  or discontinuous Hg-spikin
Measuring ports 16 and 17 with CEMs, partially used for mercury speciation
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Dosierbehälter mit

HCl- stabilisierter

HgCl2- Lösung

Schlauchpumpe
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Dosierlanze am

Kopf der NBK

 

+J�6SLNLQJ
&RQWLQXRXVO\ 'LVFRQWLQXRXVO\

3XPS��������+J&O�GLOXWHG

,QMHFWLRQ�
ODQFH

DW�WRS RI�DIWHU EXUQLQJ FKDPEHU DW�ERWWRP RI�DIWHU EXUQLQJ FKDPEHU
100 … 10,000 … 20,000  µg/Nm³  dry 500,000 …   80 Mio µg/Nm³  dry

Ä+J�ERPEV³����!�Ä+J�FORXGV³
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:K\ %URPLQH LQVWHDG RI�&KORULQH"����������������������������������������������������������
:RUNLQJ K\SRWKHVLV

Ä+J�QRW UHDFWLQJ ZLWK +;³
+J�����+;�������2� �!�+J;� ��+�2�����������������������������������������������������������LV D�WRR VORZ UHFWLRQ

Ä+J�UHDFWLQJ ZLWK ;� RU UHODWHG UDGLFDOV³
+J��;� �!�+J;�LV D�TXLFN�HQRXJK UHDFWLRQ

7KHUH LV PXFK PRUH %U� WKDQ &O��IRUPHG
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&KORULQH OHVV HIIHFWLYH LQ�+J�R[LGDWLRQ
EHFDXVH &O��&OWRWDO ���������������������������������������

�H�J��������LQ�+:&�DQG�������LQ�FRDO FRPEXVWLRQ�

62� LV FRQVXPLQJ &O� GXULQJ ERLOHU SDVVDJH

&KORULQH (QKDQFHG +J�2[LGDWLRQ
5HOHYDQW�JOREDO�UHDFWLRQV
��+&O���2� l ��+�2�����&O� Chlorine-Deacon-Reaction

62� ��&O� ��+�2��l 62� ����+&O Chlorine-Griffin-Reaction

62� ��ò�2� l 62� SO2/SO3-Konversion 

+J������&O� l +J&O� direct Hg-Chlorination
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%URPLQH (QKDQFHG +J�2[LGDWLRQ
5HOHYDQW�JOREDO�UHDFWLRQV
��+%U ��2� l ��+�2�����%U� Bromine-Deacon-Reaction

62� ��%U� ��+�2��l 62� ����+%U Bromine-Griffin-Reaction

62� ��%U� ����+�2��l +�62� ����+%U Bromine-Bunsen-Reaction

62� ��ò�2� l 62� SO2/SO3-Konversion 

+J���%U�� l +J%U� direct Hg-Bromination

%URPLQH KLJKO\ HIIHFWLYH LQ�+J�R[LGDWLRQ
EHFDXVH %U��%UWRWDO Æ ������������������������������������

62� LV QRW FRQVXPLQJ %U� GXULQJ ERLOHU SDVVDJH
�DW�WHPSHUDWXUHV !������&�



15

9RV&RQV

3RVWHU�3UHVHQWDWLRQ 9RVWHHQ�����������������
DW��$LU�4XDOLW\ ,9�&RQIHUHQFH���������������������������������
$UOLQJWRQ��6HSWHPEHU�����

Vosteen‘s 2003  comment on  mercury bromination

%URPLQH ���WLPHV PRUH HIIHFWLYH WKDQ FKORULQH
IRU +JPHW�R[LGDWLRQ LQ�ZDVWH LQFLQHUDWLRQ

DV�ZHOO�DV�LQ�FRDO FRPEXVWLRQ

)ROORZLQJ WKLV SUHVHQWDWLRQ DW�$4�,9��
VRPH EURPLQH UHODWHG DFWLYLWLHV
FDPH XS�LQ�WKH 6WDWHV DV�ZHOO�LQ�

LQGXVWU\ DV�LQ�VFLHQFH

0HUFXU\�5HODWHG &KHPLVWU\ LQ�:DVWH ,QFLQHUDWLRQ DQG�7KHUPDO�3URFHVV )OXH *DVHV
Bernhard W. Vosteen, Vosteen Consulting GmbH, Cologne (Germany)

Richard Ullrich, WastePro Engineering Inc., Kennett Square, PA 

9RVWHHQ�&RQVXOWLQJ *PE+
Thermal Engineering and Flue Gas Cleaning
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,QWHUQDO 86�(35,
5HSRUW��0DUFK ����
Chapter 3:   „Boiler Chemical Additives“
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Martin-Luther-University Halle-Wittenberg
Institute for Environmental Engineering
+HLQ]�.|VHU��%HUQKDUG�9RVWHHQ������������������5LFR�DQG�(ZD .DQHINH�����������������������6DQGUD�6WUDXEH��0DUWLQ�=LHJOHU�HW�DO�

Technical University Clausthal
Institute for Energy Process and Fuel Technology
5RPDQ�:HEHU��%HUQKDUG�9RVWHHQ����������������������0LFKDHO�1ROWH�HW�DO�

0DUWLQ�/XWKHU�8QLYHUVLWlW�
+DOOH�:LWWHQEHUJ

78&ODXVWKDO

9267((1 &RQVXOWLQJ *PE+
7KHUPDO�(QJLQHHULQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ

8QLYHUVLW\�5	'�



21

9RV&RQV

H2O/HCl/HBr
HgCl2
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FD�����J�«����J
4 x 4 channels

6,5 … 13  cm long

��[�����J

(LQVDW]�I�U�*ODVULQJVSDOWUHDNWRU��� ������J�+J�1Pñ�

3UHVHQWHG�DW�(8(&������
/DERUDWRU\�5HVHDUFK�RQ�PHUFXU\�R[LGDWLRQ������������������������DW�FRPPHUFLDO�6&5�'H12[ FDWDO\VWV
���� ������ ����� ����0D����9�2�

'XUDWLRQ RI�ODERUDWRU\ WHVW�UXQV�
���KRXUV XS�WR�VRPH GD\V

'XUDWLRQ RI�ODERUDWRU\ WHVW�UXQV�
6RPH KRXUV XS�WR�RQH GD\

crashed

SRVW�JUDGXDWH UHVHDUFK ZRUN E\ 'LSO��,QJ��6DQGUD�6WUDXEH
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,Q�3ODQW�UHVHDUFK LQ�������������������������
KLJK�+JWRWDO LQ�WKH IOXH JDV���������J�+J�1Pñ�GU\��

0DVV�UDWLR�IRU�FRPSOHWH�PHUFXU\�UHPRYDO
%U�+J� ������³ZLWKRXW�6&5´�

/DERUDWRU\�UHVHDUFK LQ�������������������������
ORZ +JWRWDO LQ�WKH IOXH JDV��������J�+J�1Pñ�GU\��
0DVV�UDWLR�IRU�FRPSOHWH�PHUFXU\�UHPRYDO�SUHGLFWHG
�
%U�+J�! FD������³ZLWK�6&5´�

* ) Vosteen, B., Straube, S., Koeser, H.: “Mercury Sorption and Mercury Oxidation 
by Chlorine and Bromine at SCR DeNOx Catalyst”, Parts A and B,  EUEC 2006
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����0:H���35%�FRDO���6&5�(63�:)*'
315 t PRB coal/  h,   0.11 mg Hg/kg coal

����,QFUHPHQWDO�5HPRYDO
ZLWK������86�JDOORQV�.1;�SHU�KRXU

�������7RWDO�5HPRYDO
ZLWK�����86�JDOORQV�.1;�SHU�KRXU

3UHOLPLQDU\�GDWD
%URPLGH�SHU�FRDO >SSPZ  �PJ�%U��NJ�FRDO GU\@
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0��-��5LQL DW�'2(�1(7/�&RQIHUHQFH��3LWWVEXUJK��'HFHPEHU�����
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� )LUVW�,QGXVWULDO�'HPRQVWUDWLRQ�LQ�����������[���GD\V�WHVWLQJ����GLSORPD�WKHVLV�RI�0LFKDHO�1ROWH
PC-fired Wet Bottom Boiler (100 MWtherm; 140,000 Nm³/h dry)
of BAYER AG in Uerdingen (Germany),
ESP, limestone based wet FGD, tail end DeNOx-SCR 
 

0HVVXQJ�
YRQ�

+J [\] XQG�+J ^\ _

0HVVXQJ�
YRQ�

+J [\] XQG�+J ^\ _

(LQGRVLHUXQJ�
YRQ�+J&O `�XQG�1D&O�

Spiking with

HgCl2 and NaBr

CEMs for

Hgtotal and Hgmet

CEMs for

Hgtotal

bituminous
coal

bituminous
coal

air

air

FGD
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0DLQO\ LRQLF PHUFXU\ LV DGVRUEHG DW�(63�IO\ DVK��
SUHIHUDEO\ DW�WKH IO\ DVK FRYHULQJ WKH SODWH HOHFWURGHV

GLSORPD WKHVLV RI�0LFKDHO�1ROWH������



32

9RV&RQV

)LUH VLGH EURPLGH DGGLWLRQ �LQWHUQDO EURPLQDWLRQ�����������������������������������������
LV LPSURYLQJ +J�DGVRUSWLRQ DW�IO\ DVK 8%&�E\ WKH IDFWRU ���

6RUSWLRQ�LVRWKHUPHV�RI�WKH�(63�IO\�DVK�RI�KLJK�/2,���������8%&�
GXULQJ�WHVW�UXQV�LQ�$SULO�������

ZLWK�DQG�ZLWKRXW�ILUH�VLGH�EURPLGH�DGGLWLRQ�WR�ERLOHU

0

10

20

30

40

50

60

0 20 40 60 80 100 120 140 160 180 200

+J ¶· ¶¸ ¹�FRQFHQWUDWLRQ�LQ�IOXH�JDV�EHKLQG�(63�>�J��1Pñ�GU\@

+J
�FR

QF
HQ

WUD
WLR

Q�L
Q�(

63
�IO\

�DV
K�

>P
J�N

J@

no bromide addition to boiler

 with bromide addition to boiler �����&

GLSORPD WKHVLV RI�0LFKDHO�1ROWH������



33

9RV&RQV

3DUWLFOH VL]H GLVWULEXWLRQ RI�8%&��DQG�PHUFXU\
LQ�WKH (63�IO\DVK

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1000000

0 50 100 150 200 250 300

º »¼ ¼½¾ ¿¾ ÀÁ ¿ÂÃ ¿ Ä Å¾ ÆÇ º È

É Ê
ËÌÍ

ÎÍ
ÏÊ

Ð ÑÒ
ÌÓ

ÊÔ
ÕÒ Ö

×ËÌ
ÑÖ

ØÙÔ
ÑÚ Ì

Û
ÜÝ

×ÞÚ
×ß

0

10

20

30

40

50

60

70

80

90

100

à ×
Í Ï

ÊÐ
ÑÒ Ì

ÓÊ
ÔÕ

Ò Ö
×ËÌ

ÑÖ
ØÙÔ

ÑÚ Ì
Û á

â Ü
Ý ×Þ

ÕÒ Ö
×Ú

áÚ
ËÍ

ãØ
ÊÔÙÒ

äå
Ð Ê

ÜÝ
æ ÞÚ

×ßç

èéê ëì íî ê é íê ï ð ïñ ëê ò éó ôê òõ öê éó î ï ÷ øó ê í ù îú ûê üý þó

ÿ� ê ï� ì � ü � ïê é üê �� ïé þ �� � ��

70 % deutsche Steinkohle
30 % columbianische Steinkohle

�	 
 �
� � � � 	 �� � �

� 	 � � �� � � � �� � � �� �
����� � � 	 �� � �

� 	 � � �� � � � �� � � � � �

���
��� � �  	 �	 � � ! � � � � " � 	 � � � �# � 	

� 	 � � �� � � � �� � � � � �
)UDFWLRQDO 8%&

)UDFWLRQDO +J

)UDFW��8%&�RXWHU DUHD

0HDQ SDUWLFOH VL]H >�P@

)U
DF
WLR

QD
O8

%&
�>P

J�N
J@

)U
DF
WLR

QD
O+

J�>
PJ

�NJ
@

)U
DF
WLR

QD
O8

%&
�RX

WHU
VX
UID

FH
DUH

D>
Pð

�NJ
@

6LHYLQJ RI�DQ�(63�IO\DVK SUREH����������������������������������������������������������
ZLWK KLJK�PHUFXU\ ORDGLQJ��

$SULO�����



34

9RV&RQV

&RQFOXVLRQV
Ä&RPSOHWH 0HUFXU\�2[LGDWLRQ³��DFKLHYHG E\ .1;����������������������������������������
LQ�:DVWH &RPEXVWLRQ�DQG�LQ�&RDO &RPEXVWLRQ

���ZLWKRXW 6&5�DW�D�PDVV UDWLR %U�+J�!�����
����ZLWK 6&5�DW�D�PDVV UDWLR %U�+J�! ��

%DVHG RQ�HQKDQFHG PHUFXU\ R[LGDWLRQ�
.1;�LV LPSURYLQJ FRQVLGHUDEO\ ERWK

DEVRUSWLYH�DQG�DGVRUSWLYH PHUFXU\ FDSWXUH WRR�
DV�DOUHDG\ GHPRQVWUDWHG LQ�����
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