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� n�nyz�q�� } � � oytJI e +�q�z"o ��nyz�q�� �^oDx �9oDxY� } {
���Ym���q�m � o

� }^��� x } ��� �^oDx�z��^o��!��z��i{
�^o�� ��o�m7|k�Y��xY� u�!�^o�� �^oDx���o�m7|k�Y��xio�� �^oDx K m7np��x�� } ��� �9oDx��
� } {
���Ym���q�m � o�|��!���!�Yo�� � } xY{
� ��m7xYz�m���z"�!�^o�� �^oDx�� } ny���Yx�m��i�!�!q } ��o������Yx u�!��o ��z"o��,o�q"npo��
� } xY{
�����Yx u�!� } � � � � o��i{
�!�wz�����z � |�o�zL�Yo�� o�z�� � o����Yo�q�qL�b�joDxY�^o���t8�� �^o�� � } xY{
� � o � u} �^x,�Yo���� � ,poDxYz���o��!�Yo�� � } xY�^o�� ��o�m7|k�Y��xio�� �!oDx,�jo����^o;��� z�� �^o��^o��
f z"|Xxi�X��x � m���z��i��o�����z"o f u� � q�z�{
�^|�o�zL�Yo����ym��i�Yo���� m }^� o�z��^o�� 8�������nyz�q�z��iz"oDx } � � �i��m��Yo*�
xYz�m�q	� } ��m�{
���,o���t �Gz"o 0v�!�YoDxY�i{
��z"o��^o �;�wz��i{
�^o����^o����^xio�z�o�z�� � o��,o;�
�;�Yo�����o�m7|k�Y��x,� . ,po��
� � } x �9oDxY� } {
���Ym���q�m � o �jnpo����
m����^o�� z����^oDx � x,�w�^o���o�z�� � o��,o;�
�;�Yo�� +yo����Ynpo;�i�Yo��Dt
|��!�k,yq"o;�i�YoDx +yo����Ynpo;�i�Yxio�m7|k�Y��x 5 u�!�^o �^oDx7+yo����Ynpo;�i���i{
��z�{
�!� � H��57.�n�xYz��^xio�m7|k�Y��xj� 5 u�!�^o �^oDx7+yo����Ynpo;�i���i{
��z�{
�!�vr H��
�4i?o�z�q � o����Ynpo;�i�wz�� �G�X, � �^o��=��o�m7|k�Y��x �
��o�m7|k�Y��x=��zL�=m }^� �wz"xinpo�q"n�m7xio���+yo����Ynpo;�i�b� 5 u�!�^o �^oDx7+yo����Ynpo;�i���i{
��z�{
�!�vr H��
�4i?o�z�q � o����Ynpo;�i�wz�� � } �k, � �^o�����o�m7|k�Y��xY� �
� oDxO,�xYz��	��z ,yz"o�q�q"o � }^� n�m } �^o��O57.�n�xYz��^xio�m7|k�Y��xY� } ��� �^o�����o�m7|k�Y��xY����zL�`m }^� �wz"xinpo�q"n�mA�
xio�� +yo����Ynpo;�i�wz����=z�� � n�nyz�q�� } � � oyt b��ym7x � o����Yo�q�qL��t8�� �^o����!oDx,�jo����^o;�Yo�� ��o�m7|k�Y��xio���|7m���o�� } �!�YoDxY�i{
��z"o���q�z�{
�^o%8�������nyz�q�z��iz"oDx } � � �i��m��Yo*�
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n a c h t r ä g l i c h  i n s t a l l i e r t e
A b d e c k p l a t t e

� n�nyz�q�� } � � oyt b e � }^� n�m } �^o�� 57.�n�xYz��^xio�m7|k�Y��xY� } �����^o�����o�m7|k�Y��xY�j��zL��m }^� �wz"xinpo�q"n�mA�
xio�� +yo����Ynpo;�i�
xYz�m�q�z"o�� � } � ��z����Ym��
������z"o z����^o�� � �!q � o����^o���� m#,yzL�Yo�q npo��i{
�^xYz"oDnpo����joDxY�^o���t

� ��� � & & �="������ ����
%$ ������� & �;* 
%$���������

�
0v� �^o�� ��z���* } � �^o�� 8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q���m }^� ��z"o 8�������nyz�q�z��iz"oDx } � � �^oDx
~bm7|k�YoDxYz"o�� } ��� �ym���zL�bm }^� �ym�� � n�n�m } �!oDxY�ym�qL�Yo�� �^oDxbm��ym7oDxi��npo�� ��o�m7|k�Y��xio�� � } } �X�
�YoDxY� } {
�^o����7� } xY�^o����^z"oDx } �!�YoDxY�i{
��z"o���q�z�{
�^o 8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q�z"o��Go�z�� � o��,o;�
�;�
} ����z�� �&m7x�m�q�q"o�qL�!oDxY� } {
�^o�� �!oDx � q�z�{
�^o���t �Gz"ob�!oDx,�jo����^o;�Yo�� f m��YoDxYz�m�q�z"o�� � } xY�^o����ym�{
�
�^o�� �GxYzL�YoDxYz"o�� �9xio�z�� � ~jq um��!�Y�!���+�9xi��� } |k� m } ���^oDxv~bm } ���Y�	����� } ���YxYz"o �*� �9oDx � u}^� n�m7x��
|�o�zL� �45vze� +�q"�A�b���=z�� � o m } �%� � � � um }��y� �!oDx,�jo����^o;�YoDxh+ u} q�q"| u��x ,poDx �^oDx�{
�^o���z��i{
�^o��
8���� } ���YxYz"o �*� K o�z���� } � � � � um���z � |�o�zL� �.��z"x�m�� ���wz"xY� z�� �^oDx K zL�YoDx�m�� } x�m�q�� �,o��^x �!} ��npo*�
�iz"o��^o�q"n�m7x�npo��i{
�^xYz"oDnpo���� } ��� ��z����Ym��
��� um }��y� |�o�zL� � � o��i{
� um } � �Yo��GoDx�m���z"| ���ym���z��
� xinpo�zL���,|Xxio�z��wm�� � um }��y� ���Yo���o�z�� � o��,o;�
�;�Yo f m��YoDxYz�m�q �`m } � � o;� um���qL��t: } x � ny�i{
� um��
� } � � �^oDx�npo��iz"o���q } � � � � um���z � o���
vnpoDx * um�{
�^ow�^oDx9�!oDx,�jo����^o;�Yo��k8�������nyze�

oXo
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� n�nyz�q�� } � � oytlr e � � f � � }^� �ym�����o����^oDxvo�z�� � o��,o;�
�;�Yo��j8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�mA�
q�z"o��

q�z��iz"oDx } � � �i��m��YoDxYz�m�q�z"o�� � } �i� �;�wz��i{
�^o����^oDx���z"|Xxi�!�,|��X,yz��i{
�^o�� } ������m7|Xxi�!�,|��X,yz��i{
�^o��

vnpoDx * um�{
�^o } �!�YoDxY�i{
��z"o��^o����joDxY�^o���t 8�� � n�nyz�q�� } � � oytlr z����w��z"o 
vnpoDx * um�{
�^o �^oDx=o�z��X�
� o��,o;�
�;�Yo�� f m��YoDxYz�m�q�z"o�� ���
m7xi| �!oDx � x u�,��oDx,� � U HXHXH e I ���ym7x � o����Yo�q�qL��t�� o } ��q�z�{
� �wz"xY���
�ym����iz�{
� ��z"ov��z"|Xxi�!�,|��X,yz��i{
�^o�� �k�Yx } |k� } xio����^oDx`o�z�� � o��,o;�
�;�Yo��9+ u} q�q"| u��x ,poDx�|7m } � } �X�
�YoDxY�i{
�^o�z��^o���t ~`o��^o } �Yo���� � u} xG��z"o�~`o } x,�Yo�z�q } � � �^o��n8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q��jz������
�jo�q�{
�^o 
vnpoDx * um�{
�^o=��z"ob~bm7|k�YoDxYz"o���� um��^xio���� �^o�� � ��q�m � o��knpo;�YxYz"oDnpo��&� } �
�Do�� | u�!���^o���t8��s�^oDx`8��knpo;�YxYz"oDny�ym�����o ,y�ym��,o9o�z��^o�� � �ym7oDxi��n�xio�m7|k�Y��xY� z����?� } xY{
�s��z"o � oDxYz�� � o�~`o��iz"o��X�
q } � � �^oDx � - oD|k�G�^oDxG��z"|Xxi�!�,|��X,yz��i{
�^o�� 
vnpoDx * um�{
�^o �^o } ��q�z�{
� � x u�,��oDxwo�z��	� } �i{
� um��
�Do��
m�q����ym�{
� o�z��^oDx�q um�� � oDxio�� ~`o;�YxYz"oDny�i�ym } oDx�t � } xY{
� �ym���~`o;��m�{
���,o�� �^o�� 8�������nyz�q�ze�
�iz"oDx } � � �i��m��YoDxYz�m�q�� �wz"xY� ��zL��� } �^o�����o����^oDxs~`o;�YxYz"oDny�i�ym } oDx ��z"o �9oDx � u}^� n�m7xi|�o�zL�s�^oDx
��z"|Xxi�!�,|��X,yz��i{
�^o�� 
vnpoDx * um�{
�^o z�����oDx � oDxYz�� � oDx�t ���!���i{
�^o�z��^o���� z������ym���� � } x �^��{
�
��z"oj��m7|Xxi�!�,|��X,yz��i{
�^o 
vnpoDx * um�{
�^o � n�nyz�q�� } � � oyt o � �9oDx � x u�,��oDx } � � W#o e I �*t ��m�� � } xY�^o
npo��,�!���^oDxY�`z���+pm�q�qy�^o��g8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q��E��z"x�m��X� �Gq�m�� � o���� � o����Yo�q�qL�����^o��i�,o��
� ,po ��z � �i{
�^o�
vnpoDx * um�{
�^o �!��x m�q�q"o�� m } �G�^oDx � xi�,��o�� z����^oDxio�� 
vnpoDx * um�{
�^o�xio�� } qL��z"oDx,��t
�Gz"o��,o � xi�,��o�z����^oDxio 
vnpoDx * um�{
�^o`|��!���!�Yo9� um��^xio���� �^oDx �9oDxY� } {
�^oj��z�{
�!� � u} xUo�z��^o`� u�!�^o*�
xio � n�n�m } q"o�z���� } � ��� o�� } �
�;�b�joDxY�^o���t
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� n�nyz�q�� } � � oyt o e � � f � � }^� �ym�����o����^oDxvo�z�� � o��,o;�
�;�Yo��j8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�mA�
q�z"o��

+ u} xE��z"o f m��YoDxYz�m�q�z"o�� ��z"x�m��X� �Gq�m��D��~jq um��!�Y�!� } �����E�!q . ,�xi�X,2.^q"o�� z����Uo�z��^o � ny�i{
� um��
� } � �
�^oDxs��m7|Xxi�!�,|��X,yz��i{
�^o�� 
vnpoDx * um�{
�^o�m }^��� x } ��� �^oDx xio � o�q�� um��!z � o�� �k�Yx } |k� } xio�� q"o�z�{
�!�
� } xY{
�	� }^� u} �^xio���t �Gz"o � � � m7npo �^oDx 
vnpoDx * um�{
�^o � u} x���z"o � o��i{
� um } � �Yo �GoDx�m���z"| z����
�ym � o � o�����zL�`o�z��^o�� xio�q�m���zL� � xi�,��o�� +yo���q"oDxbnpo��ym � �Yo;���^�ym���z"o��,oGo�z��^o } �^xio � o�q�� um��!z � o

vnpoDx * um�{
�^o�m }^� �jo�z�����t

8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q ��m7|Xxi�!�,|��X,yz��i{
�^o 
vnpoDx * um�{
�^o
� o��i{
� um } � �Yo �GoDx�m���z"|�� } �^xio � o�q�� um��!z � ��m�� tyr I o H ��� �7���
��z"x�m�� �Gq�m��`�
� .^q�z����^oDx � u��xY��z � r I H ��� �7���
~jq um��!�Y�!� ��| }^� o�q � u��xY��z � W HXH � � �7� �
�E�!q . ,�xi�X,2.^q"o���� 5vze� +�q"�A�b���=z�� � o r &dH � � �7� �
�Gz"o�� ,po ��z � �i{
�^o 
vnpoDx * um�{
�^o � u} x��ym�� 8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q � o��i{
� um } � �Yo �GoDx�mA�
��z"| � } xY�^o �!�!� �^oDx K z"o � oDx � xY��m � � �!���,o � � } m7xYz�����z"|�~`�!��������zL�b{�m^t b &dHXHXH � � �7� �
m�� � o � oDnpo���t �Gz"o`~`oDxio�{
��� } � � n�m��iz"oDx,�&m }^� �^oDx � � � m7npoj�^o�� 5woDxY���Yo�q�q"oDxY�D���ym�{
� �^oDx���z"o
��m��i�,o���� ,po ��z � �i{
�^o � o��Ym�� �Y��npoDx * um�{
�^o {�m^t H � H'& ��� � � npo;�Yx um � ��tU~`o�z�o�z��^oDx���{
� u} �i�,�
��z�{
�!�Yo��!�!� &dHXH | � �7��� |7m���� �ym���� ��z"o � ,po ��z � �i{
�^o 
vnpoDx * um�{
�^o npoDxio�{
���^o;�w�joDxY�^o���t
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��m �ym���|�oDx�m���z��i{
�^o f m��YoDxYz�m�q=�,o��^xL,p��x u�!��z�������| u�!���!�Yo���z"o � � � m7npo��^o�� 5woDxY���Yo�qe�
q"oDxY�D� um�����q�z�{
� �wz"o z�� +pm�q�qw�^o�����z"x�m��X� �Gq�m��D�`��z"o � o��Ym�� �Yo�z����^oDxio 
vnpoDx * um�{
�^o ��zL�
o�z��knpo ��z"o��^o���t : } x � ny�i{
� um��
� } � � �^oDx=� ,po ��z � �i{
�^o�� 
vnpoDx * um�{
�^o�� } xY�^oGo�z��^o����!�^����ze�
� ,poDxY�,o�� }^� o�q��i{
� u} �i� } � � ��zL� o�z��^o�� � }^� o�q�� } xY{
����o��i�,oDx �!�!� I ��� � } � � o � um��^xioDx
� } xY{
����o��i�,oDx �^oDxh5w�!��q"x um } ��o � m�� � o��^�!����o���t ��� oDx � z"n^� �iz�{
�d�ym���� o�z��^o�� ,po ��z � �
�i{
�^o 
vnpoDx * um�{
�^o m�q�q"oDx
� }^� o�q�� �!�!��r I o H � � �G� � t i?xi���
�w�^oDx } � � o��ym } o�� � � � m7npo����
|7m�������z"o � ,po ��z � �i{
�^o 
vnpoDx * um�{
�^os�^o��b|�oDx�m���z��i{
�^o��L8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q���m�q��
��z"o � x u�,���Yo�z�� �9oDx � q"o�z�{
� � } �^o�� m����^oDxio�� f m��YoDxYz�m�q�z"o���m�� � o��^�!����o����joDxY�^o���t
8�� � �!q � o����^o���npo ��z"o��^o�� �iz�{
� � � � m7npo�� � } x 
vnpoDx * um�{
�^oG�^oDx + u} q�q"| u��x ,poDx`� } xbm }^� ��z"o
��m7|Xxi�!�,|��X,yz��i{
�^o 
vnpoDx * um�{
�^o�t

� ��� � � "���* $ �;*
��m�� �!oDx,�jo����^o;�Yo � nk��m��i�,oDx�� u} npo�����o�q�m��i�,o��i{
��q"o��k,po��wz"xY� z�� � �!q � o����^o��dm�q�� ~`o�ze�
� ,yz"o�q � u} x�o�z���|��!�k,yq"o���o�� f ���^o�q�q�m7nk��m��i�,oDx&m�� � o��,o��^o���t�� u} npo�����o�q�m��i�,o��i{
��q"o��k,pobo��!�,�
���Yo��!�9z�� �^o�� �9xi� �Do��i���^oDx&nyz"�!q"� � z��i{
�^o�� � q"|��!�^�!q ,�xi��� } |k��z"�!���ym�{
� �^oDx � n �^o�����z�q�q�m���ze�
�!� �^o�� �&���ym��^�!q��Dt � oDx K z"o � oDx�m��!�?�^o�� � nk��m��i�,oDxY� ��m7x ��z"o �9oDxY� } {
����� } ��� K o��^x�m������
m�qL�
� u} xw�[,yz"xYzL� } �!�,o��X� +pm7n�xYz"|7m���z"�!� ~`oDxYq�z���ty�j�ym7x�m7|k�YoDxYz�����z��i{
� � u} xb�ym�� � nk��m��i�,oDx��4iEm7npo�q�q"ooyt b �=��m7xio�� �^oDxs�^�!�^o�����~�� � oDx,� � {�m^t � H � � K �*� �^oDx � xi�,��o�� } q � m��
m��!�Yo�z�qE�,�A�wz"o �^oDx
� �!�Yo�z�q9�!�!� nyz"�!q"� � z��i{
� �i{
�!�joDx ���^oDx���z�{
�!� m7n�n�m } n�m7xio�� �k�Y�.- o�� �wz"o ��t[~ tU~`o;�
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o�z��^o ��m�� } �^x �4i?xi�!����o�q � m�� � um���q"oDx �?�^oDxO+pm^t!�=zL�i�YoDx&�!oDx,�jo����^o;���!��z"ow��zL�9o�z��^oDxj�[,poDxix��
* u} �i�iz � |�o�zL� � o � u} q�qL����m7x } ��� �ym�{
� �^o�� �9oDxY�^x um�� � oDx ,�xYz��	��z , m7xinpo�zL�Yo;��t � q����[,poDxix��
* u} �i�iz � |�o�zL��� } xY�^o m�� � o�� um } oDx,�Yo�� �dm��i�,oDx�o�z�� � o��,o;�
�;� } � o�z��^ov� u} {�|�q u�!� } � � �^o����G�!�X�
q"o�����z"���^z���������{
�!�jo � o�qL��m��i�,oDxY���Y�.- � � } �!oDxY��z����^oDxY��t
��m�� o��!�����Yo��^o����^o�~jz"� � m��snpo����
m���� z�� �jo��,o��!��q�z�{
�^o�� m } � f o;���ym���� �G�!��q"o�����z"���^z����
��{
�!�jo � o�qL��m��i�,oDxY���Y�.- } ��� �dm��i�,oDxY���Y�.-Et �Gz"o ,�xi� �Do��!� } m�q"o : } �Ym�����o����,o;�
� } � � �^o��
~jz"� � m��,o��9� } xY�^o ��zL�
�;�jo�zy�!oDxY�i{
��z"o��^o��^o�� f o;���^���^o���npo�����z���� ��td8�� �^oDx`oDxY���Yo�� f o*�
���^���^o�� ��z"o��ym } ,^��� um�{
��q�z�{
� m�� � o;��m������G� } xY�^o���oDx � �!q � �Yo ��z"o�~`o�����z���� } � � �^o�� f o*�
���ym��ym��!�Yo�z�q�� ��zL��5vz�q � o�o�z��^o�� ��m��Ym��ym�q .^�,o � oDx um����
� �ym�{
� 5 u} npo��^oDx �*t ��m�� � oDx um�� npo����Yo��!�
m } � �;�jo�z ~ u} xio;�i�Yo����y��z"o u} npoDx=o�z��^o��j:p�jo�zL�jo � o��ym�������zL�Yo�z��ym����^oDxj�!oDxin } ���^o�� �iz�����t
�Gz"o oDxY���YoG~ u} xio;�i�Yo���z"o��!�Yo�m�q��
�9��xYq�m � o � u} xjo�z��^o IG���!q�m7xio � m��YxYz } ��� .^�^xi���^z���q u�!� } � � t8�� �^oDx �;�jo�zL�Yo�� ~ u} xio;�i�Yo��p��z"o o�z����^o � ��z"oDx,�Yo�� �9�!q } ��o����!�!� &dH � K npo��izL�
�;���y� } xY�^o
�ym�� � } m��ym�q .^�iz"oDxio����^o ��m���m }^��� o � m�� � o���t � } xY{
� �ym�� �9oDxinyz���� } � � �i��� u} {�| � } xY�^o��
npo�z��^o�~ u} xio;�i�Yo�� ��zL�Yo�z��ym����^oDx��!oDxin } ���^o���t����`|7m�� � } o�z��^oDxb��o�m7|k��z"�!� �^o�� �G�!��q"o��X�
��z"���^z���������{
�!�jo � o�qL��m��i�,oDxY���Y�.- �b��zL�b�^oDx � m��YxYz } ��� .^�^xi���^z���q u�!� } � � t28�� � ny� um�� � z � |�o�zL�
�!�!� �^o�� xio�m � z"oDx,�Yo�� �9�!q } ��o����^oDx � m��YxYz } ��� .^�^xi���^z���q u�!� } � � |��!���!�YoGo�z��^o � } �i�Ym � o
u} npoDx �^o��j,�xi� �Do��!� } m�q"o�� � �!�Yo�z�q?�^o�� �G�!��q"o�����z"���^z����%,yq } �v�^o�����{
�!�jo � o�qL��m��i�,oDxY���Y�.- �
�,�A�wz"ov�^o�� f o;���ym���� � o;�Yxi�.- o����joDxY�^o���t ��m �ym�� f o;���ym�����z�{
�!�j��zL���^oDx � m��YxYz } ��� .k�
�^xi���^z���q u�!� } � � xio�m � z"oDx,��� ���Yo�q�qL�Yo ��z"o �Gz - oDxio��	� �;�wz��i{
�^o�� �^oDxsz�� ��z"o �;�jo�zL�Yo�~ u} xio;�i�Yo
o�z�� � o �D� � o��^o�� � m��YxYz } ��� .^�^xi���^z���q u�!� } � ��} ��� �^o�� � o��Ym�� �i�!�!q } ��o�� �ym�� f o;���ym��X�
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�!�!q } ��o����ym7x�t 0v� ��z"o �9�!q } ��o��ym��!�Yo�z�q"o �^o�� �G�!��q"o�����z"���^z���� } ��� �^o��v��{
�!�jo � o�qL��m����
�,oDxY���Y�.- � � } npo�����z�����o������ } xY�^o o�z�� �^o � ��z"oDx,�Yo�� �9�!q } ��o�� �^oDx���o�m7|k��z"�!���iq u�!� } � �
��zL��I ���!q�m7xioDxj�^m�q ��� um } xioGm }^� o�z��^o��L,F5�� � oDx,�`�!�!� U^� o o�z�� � o����Yo�q�qL��t �Gz"o ��z������Yo�q�q } � �
�^o��;,F5�� � oDx,�Yo��GoDx � �!q � �Yo � } xY{
� �^o�� +pm7xin } ���i{
��q�m � �^o������^o��^�!q ,y�!���ym�q"o�z�� �!�!� q�z�q�m
�ym�{
� � m7xinyq"�!�Dt�~`o�z&��z"o��,o�� ,F5�� � oDx,�sq�z"o � � �ym��Go��!�����
m����^o��^o � m��YxYz } ��{�m7xinp�!�ym�� m�q��
� m��YxYz } ��� .^�^xi� � o���{�m7xinp�!�ym��?�!��x�t � } xY{
� o�z��^o��jo�zL�YoDxio i�zL�Yx�m���z"�!�G� } xY�^ob��zL� H �JI`���7�
q�m7xioDxG�^m�q ��� um } xio �ym��%57.^�^xi� � o���{�m7xinp�!�ym��w�!�!� �^o�� � m��YxYz } � � o;�Yxio����!��t�~`o�z?��z"o��,o��
��{
�^xYzL�i��o��!��� ,�xYz�{
�!��o�z�� f �!q � m��YxYz } ��� .^�^xi� � o���{�m7xinp�!�ym��&o�z��^o�� f �!q��G�!��q"o�����z"���^z���t
f zL���^o�� �9�!q } ��o�� �^oDx �!oDxin�x�m } {
�!�Yo�� f o�� � o m�� H �JI����!q�m7xioDx��^m�q ��� um } xio |��!���!�Yo
�^oDxO,�xi� �Do��!� } m�q"o � �!�Yo�z�q�m�� �G�!��q"o�����z"���^z���npoDxio�{
���^o;���joDxY�^o���t ���!��� ,�xio�{
�^o�����oDx � m7n
��z"o �Gz - oDxio��	� � } I HXH � �^o�� �9�!q } ��o��ym��!�Yo�z�qp�^o��w��{
�!�jo � o�qL��m��i�,oDxY���Y�.- �Dt	�Gz"o �;�jo�zL�Yo
� m�{
�!�jo�z��i��o;���^���^ob� } xY�^o � } x � �ym�q .^�,ov�^o���o��!�����Yo��^o����^o���~jz"� � m��,o���npo�z��^o�� ,�m7x�m�qe�
q"o�qU�!oDxYq�m }^� o����^o�� � � � m��^xio�� ,poDxYz���o��!�Yo�� m�� � o;�jo����^o;� � f z���z�m���q�m � o �*t ���v� } xY�^o�m }^�
o�z��^o npoDxio�zL���=o��^z�����z"oDxio����^o f o;���^���^o �^o��n+pm�{
� � oDnyz"o;��� u
v|��!q"� � z"os�^oDx f z"|Xxi�X��x � m���z����
��o�� �!�!�%�9xi� � tX� �Do;� � .�| m����^oDxgi 0���~`oDxYq�z�� � } x u} {�| � o � xYz - o���t��Gz"o=~`o�����z���� } � � �^oDx,�xi� �Do��!� } m�q"o�� : } �Ym�����o����,o;�
� } � � �^o���~jz"� � m��,o��joDx � �!q � �Yo���zL� 5vz�q � oGo�z��^o�� ��m��i{
�^xi�7�
��m��Y� � x�m � o������NI �^oDx%+pm^t�����z���m��	� } ti?o�{
����z��i{
�^o���m��Yo�� e

� um } q"o � o ,�m�{�|k��� um } q"o
K um�� � o b � � 8����^o���� } xY{
����o��i�,oDx%o���� �

� o;�YoD|k�Y��x � um7xY��o�q"o�zL� � um���z � |�o�zL���i�^o;�YoD|k�Y��x � K �i?x um � oDx � m�� �k��z�{�|����Y�.-

 � o��!�Yo��k,poDx�m�� } x &dH .A�
��o;�Yo��!��z"�!��� �Do�zL�Yo�� �dm��i�,oDxY���Y�.- H � � & ��z��

�^m } oDxY���Y�.- I��JI���z��
f o;���ym�� I�� o & ��z��
�G�!��q"o�����z"���^z�� r^� H'& ��z��
��{
�!�jo � o�qL��m��i�,oDxY���Y�.- I�r^� o���z��
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: } x � m�q�z"n�xYz"oDx } � � �^o�� ��m��i{
�^xi�!��m��Y� � x�m � o�� � } xY�^oGo�z�� i?o���� � m����!oDx,�jo����^o;�����^o��i�,o��: } �Ym�����o����,o;�
� } � � z���o;����m �^oDx=�^o���o��!�����Yo��^o����^o�� ~jz"� � m��,o��jo��!��� ,�x�m�{
��t
�9xi� �Do��!� } m�q"o : } �Ym�����o����,o;�
� } � � �^o��7i?o���� � m��,o�� e

f o;���ym�� U H��
�G�!��q"o�����z"���^z�� I H �

�dm��i�,oDxY���Y�.- &
�

��{
�!�jo � o�qL��m��i�,oDxY���Y�.- r �

�k��z�{�|����Y�.- b �

�Gz"o xio�q�m���zL�!o � o��ym } z � |�o�zL�G�^o���i?o���� � m��,o��w� } xY�^o �!�!���^o�� K z"o � oDx�m��!�Yo���� �^oDx K z����^o
� � � � u} x��^o�� ��{
�!�jo � o�qL��m��i�,oDxY���Y�.-�m��!�Yo�z�q9��zL��� b � m�� � o � oDnpo���t`+ u} x���z"o m����^oDxio��
�G�!�k,p�!�^o��!�Yo���npo;�Yx }^� xio�q�m���zL�!o � o��ym } z � |�o�zL���=I � t��Gz"oGxio�q�m���zL�!o � nk�jo�z�{
� } � � �^oDx
�!oDx,�jo����^o;�Yo�� � m��i{
�^xi�!��m��Y� � x�m#,y��z��i{
�^o�� f o��i�i��o;���^���^o npo;�Yx }^�d� u} x ��z"o�o�z��	�Do�q��^o��
��m��,|��!�k,p�!�^o��!�Yo�� ��m��^z���m�q��Gr � t��Gz"o��,o f o;���^���^o ��m7x � o � o�� u} npoDx �^oDxw��npo�� npo*�
�i{
�^xYz"oDnpo��^o����ym��i�i{
�^o���z��i{
�^o�� ��m��Ym��ym�q .X��z"| � o��ym } oDx�t K m � ��z"ovxio�q�m���zL�!o � o��ym } z � |�o�ze�
�Yo�� �^o���npo�����z���� �Yo�� f o;���ym��ym��!�Yo�z�q�����zL�O5vz�q � ow��z"o��,oDx f o;���^���^ownpo�z�� � � |��!���!�Yo��
� } xY{
� ��z"o i�zL�Yx�m���z"�!� ��z"o ��{
�!�jo � o�qL��m��i�,oDxY���Y�.-�� } �����G�!��q"o�����z"���^z��ym��!�Yo�z�q"o � } x ��zL�
o�z��^oDx=xio�q�m���zL�!o�� � o��ym } z � |�o�zL�b�!�!���=I H � �%I &
� npo�����z���� �`�joDxY�^o���t
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�Gz"o x�m����YoDxio�q"oD|k�Yxi�!�^o�����z"|Xxi�!�,|��X,yz��i{
�^o�� � }^� �ym�����o�� � } xY�^o�� � } xY{
� ��z"o : o��!�Yx�m�qe�
o�z��^xYz�{
�!� } � � ��q"oD|k�Yxi�!�^o�����z"|Xxi�!�,|��X,yz"o � : � K)f 8 ���^oDx i 0���~`oDxYq�z�� � } xY{
� � o � u} �^x,��t	��m��
� }^� npoDxio�zL�Yo����^oDx �9xi��npo����!��xj�^oDx=�[, } �i�YoDx } � � �,�!q�q z�� � �!q � o����^o���npo��i{
�^xYz"oDnpo�� �joDx��
�^o���t
�9��xj�^oDx +�z �^z"oDx } � � �^oDxj~bm7|k�YoDxYz"o���z����^o�� ~jz"� � q�� � } xY�^o�� m����ym � �Yo����^o � um��^xY���Y�.- o
�!�!� �^o�� ~jz"� � q�� } ��� �^o�� 8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q���zL��o�z��^oDx�o�z�� � m�{
�^o�� � o*�, } - oDx,�Yo�� ���^�!� ,y�ym��,� K u�!� } � � � ��~��!� K u�!� } � � �&m7n � o;��m��i{
�^o���t �Gz"o7+�z �^z"oDx } � � oDx � �!q � �Yo
u} npoDxUo�z��^o�� : o�zL�Yx�m } � �!�!� I & ��z�� ��zL� o�z��^oDx & � ��z � o��)�Gq } �
m7x�m�q��^o�� .^��q u�!� } � � t �Gz"o��,o
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+�z �^z"oDx } � � ��z"o��!� � } x��k�
m7nyz�q�z��iz"oDx } � � �^oDx �9xi��npobz�� �^oDx ��m7| }�} ��|7m�����oDx�t � o��U�jo�zL�Yo*�
xio����wz"xY� ��z"o K .^�iz"oDx } � � �^oDxO: o�q�q"ob� } xY{
��o�z � o��^o ���	� .^��o��!oDxY��z����^oDx,��t � ���i{
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� } xY�^oG��z"o/�9xi��npoG��zL�`o�z�� � m�{
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� H � � � H � � � m7x�m��!��z"oDx,�Yo���z"o � oDxYz�� � o��9oDx um����^oDx } � � �^o���� o��Ym�� �i�!�!q } ��o����?�^oDx&~bm7|!�
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: � K)f 8j� } xY{
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zweistufige Laboranlage

Phase 1 Phase 2 Phase 3

τ = 28 h τ = 21...38 h
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�!�wz�����z � |�o�zL���,npo�����z�����o����^o�� ��{
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���Ym���q�m � o
��m7xb��zL�`�^o�� z�� oDxY���Yo�� ��o�m7|k�Y��xb�^oDx K m7np��x�m���q�m � ow�!oDx � q"o�z�{
�kn�m7x�t[0v� � oD|�o��^x,� ,�xi�7�,p��x,��z"�!�ym�q�� } �^o��9,F5�� � oDx,�Yo�� � m���� ��z"o ��o�� } |k��z"�!� �^oDx=����~�� �G�!�	�Do��!�Yx�m���z"�!�����
m��i��t
�k��z"o � ��t[~ t`z�� oDxY���Yo�� ��o�m7|k�Y��x �^oDx K m7np��x�m���q�m � o �^oDxL,F5�� � oDx,� u} npoDx��^oDx ��o�m7|!�
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�Y��xY� u�!�^o�m�����|7m�� o�� } � � oD|�o��^x,� � } o�z��^oDx �9oDxixYz�� � oDx } � � �^oDx ����~�� �G�!�	�Do��!�Yx�m���z"�!�
u} npoDx��^oDxG��o�m7|k�Y��xY� u�!�^o�t � ���ym���� �^o��G��o�m7|k�Y��x ,�xi� � q��v|��!���!�Yo ��z�{
�!� m }^� �^o���� x�m��
�^oDx �9oDxY���Y�X, � } � � n��;�stU�ym�� � xio�z"o ��o�m7|k�Y��x,�!�!q } ��o�� � o��i{
��q"�!�i�,o�� �joDxY�^o���t : } x�~`o*�
����z���� } � � �^o�� � xio�z"o�� ��o�m7|k�Y��x,�!�!q } ��o������ } xY�^o�� �!oDxY�i{
��z"o��^o��^o�0v�!�YoDxY� } {
� } � � o��
� } xY{
� � o � u} �^x,��t
�Gz"o ,�x�m7|k��z��i{
�^o �9xY��zL�i��q } � � �^o�� � xio�z"o�� ��o�m7|k�Y��x,�!�!q } ��o���� �!�!�
+yo����Ynpo;�i�Yxio�m7|k�Y�7�
xio��doDx � �!q � � m�q�q � o���o�z�� � } xY{
� � } �iq�zL�YoDxY��t �9xi��nyq"o���m���z��i{
� z���� ��z"o � �!�jo���� } � � ��z"o*�
�,o�� �9oDx � m��^xio����9npo�z����
m7xi|�npo;��m�{
���,o��^o�� 8�������nyz�q�z��iz"oDx } � � �i��m��YoDxYz�m�q t � }^��� x } �����^oDx
�9oDxY���Y�X, � } � � o�� z����^oDxY�ym�q"n �^o�� +yo����Ynpo;�i�Yo�� } ��� �^o�� �ym���zL���!oDxin } ���^o��^o��li?���
�D�7�
�^o�� |7m���� o�z�� i?o�z�q��^oDx * u} �i�iz � o�� ���ym��,o ��z�{
�!� m7n�*�z"o ��o���t ��� |��!��� � � } o�z��^oDx
�9oDx � um�q��i{
� } � � �^o�� �9x � oDny��z��i�,o��Dt 0v� ��z"o�� � } �!oDxY��o�z��^o������ } xY�^o=z�� o�z��^oDx&oDxY���Yo��k0v�X�
�YoDxY� } {
� } � � �^oDxn: } �Ym�����o����ym�� � �;�wz��i{
�^o�� m7n � oDn�m } �YoDxw����~�� f o�� � o } ��� � oDnyz�q��^o*�
�Yo�� ~jz"� � m����!�!q } ��o����!oDx,�jo����^o;��t �Gz"o��,oDx7: } �Ym�����o����ym�� � �wz"xY� � } xY{
� ��z"o ��m��Ym } ���
npo } �Yo��������	��
�npo��i{
�^xYz"oDnpo���� m }^� ��z"o z�� � m#,yzL�Yo�q & t & � um��^oDxwo�z�� � o � m�� � o����wz"xY��t�� oDx
� } xY{
���i{
����zL�i��q�z�{
�^o � oDx,� � u} x=��z"o���m��Ym } �,npo } �Yo�npo;�Yx }^� z����^o���� } xY{
� � o � u} �^x,�Yo�� 0v�X�
�YoDxY� } {
� } � � o�� � u} xw� u} npo�����o�q�m��i�,o��i{
��q"o��k,po {�m^t H � � K ~jz"� � m���� � ����~ � �Dt � n�nyz�q�� } � �
& t bXb �*t ��m��Gz�� o�z��^o�� ~bm���{
�!�!oDxY� } {
� � oDnyz�q��^o;�Yo ~jz"� � m�� �;�wz��i{
�^o�� �^o�� : o�zL� , } �^|k�Yo��
��
 } ��� � � npoDxio�{
���^o;�v�iz�{
� �wz"o � �!q � �

�� ��������� 
�� � ��
�
����
 �������������������	��
 � & tJI �

� } xY{
��0v�����Yo�q�q"o�� �^oDx �Gq"o�z�{
� } � � & tJI�|7m���� �ym�� � xio�z"o ��o�m7|k�Y��x,�!�!q } ��o�� npoDxio�{
���^o;�
�joDxY�^o���t

����������� � � � � ��

� 
!� � �

�� �����
�������	��
 � & t b �

8�� � n�nyz�q�� } � � & tVW z����j�^oDx
�9oDxYq�m }^� �^o����ym�{
� �Gq"o�z�{
� } � � & t bGnpoDxio�{
���^o;�Yo�� � xio�z"o�����o*�
m7|k�Y��x,�!�!q } ��o���� � u} x �;�jo�z ~bm���{
�!�!oDxY� } {
�^o ��zL�w�^o�� ����~�� ��z�� � m�� � �,|��!�	�Do��!�Yx�m���z"�!�^o��I�r � ����~ � K } ��� bdU^� & � ����~ � K �ym7x � o����Yo�q�qL��t � ���ym���� �^oDx�� } xY{
� � o � u} �^x,�Yo�� �9oDxY� } �
{
�^o � } xY�^o��ym�� � xio�z"oG��o�m7|k�Y��x,�!�!q } ��o�� ��zL�br K nyz�� & K npo�����z���� ��t ���`|7m������ym��!�!�
m } � � o � m�� � o�� �joDxY�^o����9�ym�� �ym�{
� o�z��^oDx�~`o;�YxYz"oDny� �Do�zL���!�!� {�m^tOb �Xm��^xio�� �ym�� � xio�z"o
��o�m7|k�Y��x,�!�!q } ��o�� �!�!�!b�r K } � {�m^t�� &
� m }^� & K xio�� } ��z"oDx,��� } xY�^o�t8�� � �!q � o����^o�� �,�!q�q�o�z��^oj�jo�zL�YoDxio f u� � q�z�{
�^|�o�zL� � } x9~`o�����z���� } � � �^oDx �9oDx,�jo�z�q �Do�zL�9�ym7x��
� o�q"o � �w�joDxY�^o���t 0v� � } �i�Ym � o�� u} npoDx ��z"o��9oDx,�jo�z�q �Do�zL�v�^o�� � nk��m��i�,oDxY�wz�� �^o��'+yo����,�
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Reaktor 1
Versuchsanlage

Batchversuch

� n�nyz�q�� } � � & tVW e �9oDxYq�m }^� �^o��UnpoDxio�{
���^o;�Yo�� � xio�z"o�����o�m7|k�Y��x,�!�!q } ��o���� � u} x �;�jo�zX~bm���{
�X�
�!oDxY� } {
�^o

npo;�i�Yxio�m7|k�Y��x=�Yxio�- o�� � } | u�!���^o����p�,�!q�q?��z"o �2.^���Yo���m��!���j��x,�=o�z��^o�� � } �^o;�YoD|k��z"oDxio����^o��
�k�Y�.- o��snpo�z � }^��� m7npo�o�z��^o�����z����^o�zL���i� ,�x } � � � npo;�Yx�m�{
�!�Yo;� �joDxY�^o���t � m�{
� ��o��^xioDxio��
� � ,poDxYz���o��!�Yo������Yo�q�qL�Yo9�iz�{
� ��z"o`����~�� ��z�� � m�� � �,|��!�	�Do��!�Yx�m���z"�!��m�q���o�z��	��z � �!oDx,�jo����^n�mA�
xioDx �&m7x�m���o;�YoDx � } x ~`o�����z���� } � � �^oDx �9oDx,�jo�z�q �Do�zL� �^oDx�m } �Dt �9oDxY� } {
�^o���zL� m����^oDxio��
i?x�m�{;oDxY���Y�.- o�� �i{
�^o�zL�YoDx,�Yo�� m��d�^o�� �^�!�^o�� �^m�q � � o��ym�qL� �^o�� � nk��m��i�,oDxY� �,�A�wz"o �^o��
� } - oDx,�!oDxY� u� � o�� �^o�� +yo����Ynpo;�i�Yo��Dt��woDnpo�� �^oDx � ny�i{
� um��
� } � � �^oDx �9oDx,�jo�z�q �Do�zL���^o��
� nk��m��i�,oDxY� z�� �^o�� ��o�m7|k�Y��x q�m��i�,o����iz�{
� npo�z � oDo�z � �^o;�Yo����9��x�m } �i�,o;�
� } � � o�� � } �i�YmA�
� o�� u} npoDxw�^o�� � x�m�� �^oDx �9oDxY��z��i{
� } � � z����^o�� ��o�m7|k�Y��xj�Yxio�- o���t
8�� +pm�q�qX�^oDxU�!�!q�q���� um�����z � o�� �9oDxY��z��i{
� } � � z����^oDxY�ym�q"n �^o�� +yo����Ynpo;�i�Yxio�m7|k�Y��xY�Uq�z"o � �E�^o��
� } x,�!o��!�!oDxYq�m }^� �^oDx �G�!�	�Do��!�Yx�m���z"�!� z�� ��o�m7|k�Y��x�m7nyq�m }^� o�z��^o�o�� ,p�!�^o��!��z"o�q�q"oO+ } �^|k��z"�!�
� }^� x } ���^o�t �9x � z"n^���iz�{
� npo�z&�^o�� �9oDx � q"o�z�{
� �^oDxG���^oD��xio;��z��i{
�^o�� �[,�x } � � m��!���j��x,� � u} x
o�z����!�!q�q���� um�����z � � } xY{
����z��i{
�!�Yo��9�2.^���Yo�� } ��� �^oDx&o�� ,poDxYz���o��!�Yo�q�qXoDxY��zL�i�Yo�qL�Yo�� �[,�x } �X�
� m��!���j��x,�`o�z��^o u0wnpoDxio�z�������z���� } � � �!|7m�����m }^� ��z"ow�!�!q�q���� um�����z � o � } xY{
����z��i{
� } � � �^o��
��o�m7|k�Y��xY� � o��i{
��q"�!�i�,o�� �joDxY�^o���t ��m �^oDx�����~ |�o�z�� z��^oDx,�YoDx �[, } xY���Y�.- z���� } ��� �!�!�
�^o�� f z"|Xxi�X��x � m���z��i��o�� m7n � oDn�m } ���wz"xY����� } �i�bz�����z"o ~jz�q�m��	��z"oDx } � � �^oDx � n�n�m } �!��x��
� m�� � ��zL� o�z��knpo �D� � o�� �joDxY�^o���t : } x |���xixioD|k�Yo�� ~jz�q�m��	��z"oDx } � � �wz"xY� �^oDx�nyz"�!q"� � z��i{
�
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m7n�n�m } n�m7xio ����~ �!oDx,�jo����^o;��t)0v�!�YoDxs�^oDx � ���ym�����o�� �ym�� �^oDx +yo����Ynpo;�i�Yxio�m7|k�Y��x o�z��
�!�!q�q���� um�����z � � } xY{
����z��i{
�!�Yo��G�2.^���Yo�� �ym7xY���Yo�q�qL� } ��� o�z��^o���o�m7|k��z"�!� oDxY���YoDx 
vxY��� } � �
�!��xYq�z"o � ����oDx � z"n^�w�iz�{
� � �!q � o����^o ~jz�q�m��	� � q"o�z�{
� } � �

� ��� �
� �
� �� � � 
������ � � � � � � �	� � � � � � � � & tlr��

� �
� �
� � 
������ � � � � �
 ��� � � � � � & t o �

�Gz"o`��z"oDx�m�� � o��^�!����o���o�m7|k��z"�!� oDxY���YoDx 
vxY��� } � � ���Yo�q�qL�Uo�z��^o��so�z�� � m�{
�^o�� |�z��^o;��z��i{
�^o��
� ���Ym��
� � } xU~`o��i{
�^xio�z"n } � � �^o�� nyz"�!q"� � z��i{
�^o�� � n�n�m } �!��x � m�� � � �ym7x����^oDx?z�� �^o�� � m#,yze�
�Yo�q & tlr^tJI u} npoDx ,�x u}^� �&�wz"xY��t �Gz"o u0wnpoDx ,�x u}^� } � � �Do�z � ���7�ym����^oDx9��o�m7|k��z"�!���Ym����Ym��
�`oDxY���YoDx

vxY��� } � � � } x�~`o��i{
�^xio�z"n } � � �^o�� � n�n�m } �!oDxY�ym�qL�Yo����E�^oDx�� u} npo�����o�q�m��i�,o`z��=+yo����Ynpo;�i�,�
xio�m7|k�Y��xio�� ��z�{
�!� � oDo�z � �^o;��z�����t � o����^��{
� �,�!q�qE��z"o��,oDx � ���Ym��
� � } xdu0wnpoDx ,�x u}^� } � � �^oDx
�9x � oDny��z��i�,o m } �v�^oDxvoDxY���Yo��j0v�!�YoDxY� } {
� } � � � z����^oDx �ym�� � xio�z"o���o�m7|k�Y��x,�!�!q } ��o�� ��zL�
{�m^t & K npo�����z���� ��� } xY�^o�� �!oDx,�jo����^o;�s�joDxY�^o���t �Gz"o � } oDx,��m7x,�Yo����^o�� � nk�jo�z�{
� } �X�
� o�� �iz���� � o � o�� u} npoDx �^oDx � ny�i{
� um��
� } � � �^o�� � xio�z"o�� ��o�m7|k�Y��x,�!�!q } ��o����w�!�!� {�m^t & K
�!oDxY�ym�{
��q um��i�iz � n�m7x�t
� } xY{
�!0v�����Yo�q�q"o�� } ��� 8��!�Yo � x�m���z"�!���^oDx �Gq"o�z�{
� } � � & tlr�oDx � z"n^�w�iz�{
�

��
 " � 
������ � � � � � �/I�� � 
 � $ � � II�� � 
 �
� �
 � � � & t & �

+ u} x9��z"o �G�!�����
m��!�Yob��oDx � z"n^�9�iz�{
� m } ���^oDx � � � m�� � �,npo���z�� �!} � � � � H ��{�� H � � H � |�o�z��
nyz"�!q"� � z��i{
��m7n�n�m } n�m7xioDxv����~ z����^o�� ��o�m7|k�Y��x ��� }

� � ��
 � � 
������ �
� II�� � 
 � & tVW��

��m�� ��z����,o;�
�Do�� �^oDx �G�!�����
m��!�Yo � } ��� �ym�� 0v� � ��xY��o�� �^oDx �Gq"o�z�{
� } � � & t & q�z"o � oDx,�
{���� �

� � � � � �

������ �/I ������� � ���� �/I�� � 
 � � �I�� � 
 � & t � �

� } xY{
��� o � o�� u} npoDxY���Yo�q�q } � � �^oDx �G�!�	�Do��!�Yx�m���z"�!��{���� �*� ��z"o �iz�{
� ���^oD��xio;��z��i{
� m } � �^oDx
~jz�q�m��	� � q"o�z�{
� } � � & t ��oDx � z"n^� } ��� �^oDx��
m���� um�{
��q�z�{
� � o���o��i�,o��^o�� �G�!�	�Do��!�Yx�m���z"�!��|7m����
npo�z9xYz�{
�!��z � oDx � ���ym�����o��^oDxs��o�m7|k��z"�!� oDxY���YoDx 
vxY��� } � � �ym�� �9oDx,�jo�z�q �Do�zL�i�!oDxY�ym�qL�Yo��
�^o�� +yo����Ynpo;�i�Yxio�m7|k�Y��xY� u} npoDx ,�x u}^� �j�joDxY�^o���t K z"o � �jz�� �^o�� ��o�m7|k�Y��x`o�z��^ow�!�!q�q���� um�����z � o
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� } xY{
����z��i{
� } � � �!��x��9����z�����o�� ��z"o��9oDxYq um }^� o �^oDx����^oD��xio;��z��i{
� npoDxio�{
���^o;�Yo�� �G�!�X�
�Do��!�Yx�m���z"�!� {���� � } �!�YoDx ��z��knpo ��z"o�� } � � �^o�� z�� �Gq"o�z�{
� } � � & t bdnpoDxio�{
���^o;�Yo�� � xio�z"o��
��o�m7|k�Y��x,�!�!q } ��o���� } �����^oDx��ym7x�m } �&xio�� } qL��z"oDxio����^o�� �9oDx,�jo�z�q �Do�zL� 
 �,�A�wz"o=�^oDx � o���o����
�,o��^o�� ����~�� �G�!�	�Do��!�Yx�m���z"�!� m���� um��^oDxY��� u} npoDxio�z���t : } x ~`oDxio�{
��� } � � �^oDx����^oD��xio;��ze�
�i{
�^o�� �G�!�	�Do��!�Yx�m���z"�!� {���� �=��zL��5vz�q � os�!�!� �Gq"o�z�{
� } � � & t ��z����G��z"o ~`o�����z���� } � � �^o��
i?oDxY����| 
 �^�����jo�����z � t���m���z"o�� } ny���Yx�m��
� }^� } �^xv�^o��w��o�m7|k�Y��xY� � u} x7o�n��;�st6b I-iEm � o
} �!�YoDxin�xi��{
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�^o�� } �!�YoDxin�xi�7�
{
�^o���t �Gz"o ��m7xYz�m���z"�!� �^o�� : o�zL�Yx�m } ��o��s�^oDx � } ny���Yx�m�� } �!�YoDxin�xio�{
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�wz"o�r � ��{
�^o����!oDxY�^o } ��q�z�{
�!��t + u} xG��z"o�� } ny���Yx�m�� } �!�YoDxin�xio�{
� } � � �!�!�jo iEm � o�� n��;�st
r � ��{
�^o�� ���Yo�q�qL�Yo �iz�{
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�!� m7n�n�m } �
n�m7xio ����~�� �G�!�	�Do��!�Yx�m���z"�!� �!�!� oy� & � � K o�z���tv~jz"�!q"� � z��i{
� m7n�n�m } n�m7xioDx ����~ ��m7x
z�� �^o�� ��o�m7|k�Y��x���z�{
�!� �!��xY�ym����^o���t � m�{
� �^o�� ��z����i{
�ym�qL�Yo�� �^oDx � } ny���Yx�m��
� }^� } �^x
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����~�� �G�!�	�Do��!�Yx�m���z"�!� m�� �G�X, � �^o��w��o�m7|k�Y��xY� � o���o��i�,o���t � n�nyz�q�� } � � & t � �Do�z � �w�^o��
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� }^��� x } ��� �^oDx } �!�YoDxY�i{
��z"o���q�z�{
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Reaktor 1
Versuchsanlage

cSeinabb. = 24,2 / 25,5 gCSB/L

� n�nyz�q�� } � � & t � e �9oDxYq�m }^� �^oDx � o���o��i�,o��^o����[,�x } � � m��!���j��x,� � u} x } �!�YoDxY�i{
��z"o���q�z�{
�^o � �X�
� m�� � � � } ��� um����^o

�k�
m����	�Do�zL�Yo�� npo � x u} ���^o;� �joDxY�^o����?oDx � m7npo��d�iz�{
�dz��d�^o�� npo�z��^o����9oDxY� } {
�^o�� m7nk�jo�ze�
{
�^o����^o=����~�� �����^|��!�	�Do��!�Yx�m���z"�!�^o��s�!�!�9I oy� & � � K �Co�iEm � o�� } ny���Yx�m�� } �!�YoDxin�xio�{
� } � � �
n��;�st b H � & � � K � r � ��{
�^o��d� } ny���Yx�m�� } �!�YoDxin�xio�{
� } � � �*tA: } x u0wnpoDx ,�x u}^� } � � �^oDx � �X�
�ym�����oG�^oDx=��o�m7|k��z"�!� oDxY���YoDx 
vxY��� } � � �wz"xY��m }^� �ym�� � m#,yzL�Yo�q & tlr^tJIw�!oDx,�wz"o��,o���t f zL�
5vz�q � o �^o��bm����ym������!�!� �Gq"o�z�{
� } � � & t b�npoDxio�{
���^o;�Yo�� � xio�z"o�� ��o�m7|k�Y��x,�!�!q } ��o������,�A�wz"o
�^o��bo�z�� � o����Yo�q�qL�Yo�� �9�!q } ��o������Yxi�!���`q um��i���=�iz�{
����z"o �9oDx,�jo�z�q �Do�zL� 
 � r�r H���� 
 npoDxio�{
�X�
�^o���t � } �E�^oDx �������joDx,�Ynpo;�Yx�m�{
�!� } � � � �Dt.�Gq"o�z�{
� } � � & tVU���oDx � z"n^���iz�{
� � u} x��^o����9oDxY� } {
�
��zL�Eo�z��^oDx�� } ny���Yx�m�� } �!�YoDxin�xio�{
� } � � �!�!� o;iEm � o�� | 
 � H � � & U � | � H�� I�r����	� 
 �*t � �ymA�
q"� � � } xY�^o � u} xs�^o�� +pm�q�q9�^oDx � } ny���Yx�m�� } �!�YoDxin�xio�{
� } � � �!�!� r � ��{
�^o�� | 
 � H �JI �Xb
� | � H�� H r I
�	� 
 � oDxY��zL�i�Yo�qL��t 0v�!�YoDx �9oDx,�jo���� } � � �!�!� | 
 �,�A�wz"o��^oDx�npoDxio�{
���^o;�Yo��
�9oDx,�jo�z�q �Do�zL� �!�!� & � & � � } xY�^o ��z"o����^oD��xio;��z��i{
�^o�����~�� �G�!�	�Do��!�Yx�m���z"�!� {���� � � u} x ��z"o
} �!�YoDxY� } {
�!�Yo�� + um�q�q"ovnpoDxio�{
���^o;��t 8�� � n�nyz�q�� } � � & tVU�z������^oDx�npoDxio�{
���^o;�Yo��^o�� � o���o����
�,o��^o�� �9oDxYq�m }^� �^oDxj����~�� �G�!�	�Do��!�Yx�m���z"�!��{���� ���ym�{
� � }^��� m7npo=o�z��^o�����z����^o�zL���i� ,�x } � � �
� o � o�� u} npoDx � o����Yo�q�qL��t
� oDx �9oDx � q"o�z�{
� �;�wz��i{
�^o�� �^o�� npoDxio�{
���^o;�Yo�� } ��� � o���o��i�,o��^o�� � oDx,�Yo��doDx � z"n^� o�z��^o
�,o��^x �!} �Yo u0wnpoDxio�z�������z���� } � � t[0v�!�YoDxb�^o�� � o;�Yxi�.- o��^o�� � ���ym�����o����wz"xY� �ym��bz�� �^oDx
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Reaktor 1
Versuchsanlage
τreal = 330 min

cS einabb =  25,5 gCSB/L

k = 0,137 h-1

cS einabb =  24,2 gCSB/L

k = 0,031 h-1

� n�nyz�q�� } � � & tVU e � o � o�� u} npoDxY���Yo�q�q } � � �^oDx ���^oD��xio;��z��i{
�^o�� } ��� o�� ,poDxYz���o��!�Yo�q�q"o��
�[,�x } � � m��!���j��x,��npo�z ��m7xYz�m���z"�!���^o�� � � � m�� � � � } ���
m����^o�� � ~`o;�YxYz"oDny� �Do�zL�w{�m^t1b �Xm��^xio �

q�z"o � � � u} x�o�z��^o����!�!q�q���� um�����z � � } xY{
����z��i{
�!�Yo�����o�m7|k�Y��x�npo�z H �VW�r } ��� � u} x�o�z��^o � � xi�X,��
� o������Yx u�!� } � � npo�z�o�z��^o�� � oDx,���!�!� I�t2+ u} x`��z"ov��z"oDx�� } xY{
� � o � u} �^x,�Yo�� �9oDxY� } {
�^ov|7m����
�ym��!�!� m } � � o � m�� � o����joDxY�^o���� �ym���z����^oDxY�ym�q"n �^o��;+yo����Ynpo;�i�Yxio�m7|k�Y��xY� � } xY{
� �ym�� � o*�
nyz�q��^o;�Yo ~jz"� � m�� � } � um��
��q�z�{
�^o � u} {�|k�!oDxY��z��i{
� } � � o�� m }^� �Yxio;�Yo���� ��z"o ��z"o �9oDxY��z��i{
� } � �
z����^o�� +yo����Ynpo;�i�Yxio�m7|k�Y��xj�!oDxY��� um7xi|�o���t
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F\=QP f =�?[?AX�=QP�@�=�MOWOU\=�BDU:GHUKF\=QPJGH8K?[?[jkRKSDBh= �e=�UV��8Vdu�WOUKU\=�Uut
X48\P�F\=�UVBDU�I4;K;:BDSDFK8KU\a & lJI H U^8\P�FKBh=4rs=QP�@�=$BDCc:x=�BT@�P3GH8KC }�� f WOU:Gy@�= � U:GHjkRVF\=QP 8�U^`;>=*@�P�Bh=Q;:U:GHRKCq=�F\=�? +:=�?A@�;>=*@[@�P[=cG_dY@�WeP�?$F:G_P[ae=�?A@�=�SDST@clxm$=QP���=QP�S�GH8\g/FKBh=�?�=QP$rs=QP�@�=�S �GH?[?A@

We9
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Reaktor 1 
Versuchsanlage 

τ = 15 h - 25 h
cSein = 10 gCSB/L - 36 gCSB/L

α = 100%

I4;K;:BDSDFK8KU\a & l�9 e � -x=QdY@3BTMO=�]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@��8\;>=QP��4GH8KC1;>=�S�GH?A@38KU\a
g3�8\P4mwGy@�=�U�GH8K?JF\=�C deWOUO@3BDU^8KBh=QP�SDBDjkR\=�UV�Z=cG_dY@�WeP[;>=*@�P�Bh=Q;�F\=QPZ��=QP�?[8KjkRK?�GHUKS�G_ae=

BDUfF\=�C F:G_P[ae=�?A@�=�SDST@�=�U�np=QP[=�BDjkR�=�BDU\=�U GHUKU<�GHR\=QP�UKFfSDBDU\=cG_P[=�Ul:�8K?�GHCECq=�UKR:GHU\a(�*X4Bv`
?[jkR\=�Us�4GH8KC1;>=�S�GH?A@38KU\a�8KUKF(=�-x=QdY@3BTMO=QP1]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@w=QP[de=�UKU\=�Uul
mwG�FKBh=��4GH8KC1;>=�S�GH?A@38KU\a�8KUKF�FKBh=�=�-x=QdY@3BTMO=�]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@��8\;>=QP
F\=�U�I4;K;LGH8\aeP3GHF�BDU�np=Q��Bh=�R^8KU\a�?A@�=�R\=�Uut

z 
��[{|{� � � � 
������ � � 
 �Q~
� 
������ } & lJI � �

deWOUKUO@�=�U+BDU+F\=�C 8KUO@�=QP�?[8KjkRO@�=�U+np=QP[=�BDjkR�F\=QP � ]Nn!` ��WOU\�Q=�UO@�P3Gy@3BhWOUwd_GH8KC
0�UO@�=QP�?[jkRKBh=�`
F\=$F\=�? � ]Nn!` I4;K;LGH8\aeP3GHF\=�?!gi=�?A@�ae=�?A@�=�SDST@!X�=QP�F\=�Uul2+��8\PpR<�WOR\=QP[=��4GH8KC1;>=�S�GH?A@38KU\ae=�UEBD?A@
GH8\giaeP�8KUKF�F\=QP4=�BDUK?�=*@��Q=�UKF\=�U�]N8\;:?A@�P3Gy@3R\=�CEC�8KU\aq=�BDU\=�I4;�*>GHjkR^8KU\aVF\=�?4�w8\P�MO=�UOMO=QPA`
S�GH8\gi=�?���8�=QP�XZG_P�@�=�Uul
I�8\g @�P3G_aO8KU\ae=�Uut/BDU�F\=�U\=�U ?A@kGy@[@�F\=QPV�4GH8KC1;>=�S�GH?A@38KU\a FKBh=�]N8\;:?A@�P3Gy@�deWOU\�Q=�UO@�P3Gy@3BhWOU
MO=QP�X�=�UKF\=*@ZX48\P�F\=et\=QP[;KP3GHjkRO@�=�UVde=�BDU\=�U
=�BDUKF\=�8N@3Bhae=�U!:�8K?�GHCECq=�UKR:GHU\a:lNm�Bh=�mwG_P�?A@�=�Sv`
SD8KU\aEF\=QP�=�-x=QdY@3BTMO=�U�]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@��8\;>=QPJF\=QPJ�4GH8KC1;>=�S�GH?A@38KU\a%BD?A@
FK8\P�jkR�F:GH?$�!BDUY;>=Q��Bh=�R\=�U�F\=QP � ]Nn!` ��WOU\�Q=�UO@�P3Gy@3BhWOU�8KUKF�F\=�?�]N8\;:?A@�P3Gy@[MOWOSD8KCq=�UK?A@�P[W_`
Cq=�?�BDUsFKBh=�?�=�C +>GHSDS�GH8K?[?�G_ae=Qg��GHRKBhae=QP�t-GHSD?�FKBh=(�8\;>=QP�F\=QP+=�Bhae=�UO@3SDBDjkR\=�U ]N8\;:?A@�P3Gy@�deWOU^`
�Q=�UO@�P3Gy@3BhWOUul
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Reaktor 1 
Versuchsanlage 

τ = 15 h - 23 h
cSein = 10 gCSB/L ... 25 gCSB/L

α = 67%

α = 100%

I4;K;:BDSDFK8KU\a & lJI H e � -x=QdY@3BTMO=1]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@%�8\;>=QP��4GH8KC1;>=�S�GH?A@38KU\a
g3�8\P4mwGy@�=�U
U:GHjkR�F\=�C G_;Kae=�?[jkRKShWO?[?�=�U\=�U�I�U\g GHR\P ,KP[We�Q=�?[?JF\=QP���=QP�?[8KjkRK?�GHUKS�G_ae=

0�C FKBh=���P[ae=Q;:UKBD?[?�=/GHUKF\=QP[=QP<I�8N@�WeP[=�U�CEBT@�F\=�U�RKBh=QP�=QP�CEBT@[@�=�ST@�=�U4rs=QP�@�=�U$MO=QP[aOSh=�BDjkR\=�U
��8�du�WOUKU\=�Uut<X48\P�F\=�UbBDU I4;K;:BDSDFK8KU\a & lJIXI�I4;K;LGH8KF:Gy@�=�U deWOUO@3BDU^8KBh=QP�SDBDjkR\=QPw��=QP�?[8KjkR\=
MOWOU�� ����� � 
��	��
 " ��ShW|X�9 b $/=�BDU\ae=*@�P3G_ae=�Uul-m�Bh=90�UO@�=QP�?[8KjkR^8KU\ae=�U(X48\P�F\=�UsMOWOUsBDRKC
BDU�ae= ,:8KSD?A@�=�U n�BhWeP[=cG_dY@�WeP[=�U ;>=�B��!BDUK?�Gy@���MOWOU�]NjkR:GH8KCE?A@�W.-6,LG_P�@3Bhde=�SDU�GHSD?=8�CECqWe;:Bv`
SDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSpCEBT@qF\=�C aOSh=�BDjkR\=�U�I4;YXZGH?[?�=QPq�%�8\;>=�UKCq=�S�GH?[?�=�?[jkRKSh=�Ck,>=�FK8\P�jkR^`
ae=Qg3�8KR\P�@clxm�Bh=1I4;K;LGH8KF:Gy@�=�U�MOWOU�� ����� � 
��	��
 " ��ShW|X�9 b $#=�UO@3? ,KP[=�jkR\=�U�g3�8\P�ae=QP�BDU\ae=QP[=
�4GH8KC1;>=�S�GH?A@38KU\ae=�U F\=QPV;>=�?A@3BDCEC�@�=�U�I4;K;LGH8KjkR:G_P3G_dY@�=QP�BD?A@3Bhd�g3�8\PVF\=�U deWOUO@3BDU^8KBh=QP�SDBv`
jkR\=�U+np=*@�P�Bh=Q;�F\=�?`+:=�?A@�;>=*@[@�P[=cG_dY@�WeP�?Ql�0�UO@�=QP�?[jkRKBh=�F\=/RKBDUK?[BDjkRO@3SDBDjkRwF\=QP K =�BD?A@38KU\aO?�g��GHRKBha_`
de=�BT@ZF\=�?�MO=QP�X�=�UKF\=*@�=�U +:=�?A@�;>=*@[@�P[=cG_dY@�WeP�?�8KUKF�F\=�?�ae= ,:8KSD?A@�=�U
n�BhWeP[=cG_dY@�WeP�?/;>=�?A@�=�R\=�U
BDUVF\=�UVnp=QP[=�BDjkR\=�U
R\WOR\=QP��4GH8KC1;>=�S�GH?A@38KU\a:l[5�Bh=QP�SDBh=QaH@�FKBh=�I4;K;LGH8KSh=�BD?A@38KU\a�F\=�? +:=�?A@�`
;>=*@[@�P[=cG_dY@�WeP�?J�8\;>=QP F\=QP#F\=�?,ae= ,:8KSD?A@�=�U�n�BhWeP[=cG_dY@�WeP�?Ql|5 � ��
 " 7!=QWOR:9 � $NaOBh;\@ GHSD?,��P[ae=Q;N`
UKBD?�?�=�BDU\=QP 0�UO@�=QP�?[8KjkR^8KU\ae=�UVRKBDUK?[BDjkRO@3SDBDjkR�F\=QP�np=�R:GHUKFKSD8KU\a�MOWOUVI4;YX1�GH?[?�=QP�U
GH8K?pF\=QP
;:BhWOShWeaOBD?[jkR\=�U�I�ShdeWOR\WOS ,KP[WNFK8\dY@3BhWOU�BDU�=�BDU\=�C @3R\=QP�CqWX,:RKBDSh=�U(]2.\?A@�=�C ;>=�?[jkR\P[=�Bh;>=�UKF\=
��G_P3GHCq=*@�=QP g3�8\P/FKBh= f =*@3R:GHUY;:BDSDFK8KU\a+GHU } CEBDUKBDC�GHSh=!��=QP�X�=�BDSh�Q=�BT@OW\tVW�F � lO�!BDUqFKBhP[=QdY@�=QP��=QP[aOSh=�BDjkR F\=QPq��P[ae=Q;:UKBD?[?�=�CEBT@%F\=�U RKBh=QP%;>=�?[jkR\P�Bh=Q;>=�U\=�U 0�UO@�=QP�?[8KjkR^8KU\aO?�=QP[ae=Q;:UKBD?�`
?�=�UVBD?A@�GHUKR:GHUKF�F\=QP ��G_P3GHCq=*@�=QP!UKBDjkRO@�C��WeaOSDBDjkRulHrs=QP�F\=�U�FKBh=4MOWOU�BDRKC GHU\ae=Qae=Q;>=�U\=�U
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eigene Daten der Versuchsanlage

GLOWATZKI [Glow92]

YEOH [Yeoh97]

α = 100%

I4;K;:BDSDFK8KU\a & lJIXI e I4;K;LGH8KF:Gy@�=�UVMO=QP�?[jkRKBh=�F\=�U\=QP4I�8N@�WeP[=�U

mwGy@�=�UqU:GHjkRqF\=QP�MOWeP[ae=�?[jkRKS�G_ae=�U\=�U f =*@3R\WNF\=4GHU:GHS .\?[Bh=QP�@ctH=QP[aOBh;\@!?[BDjkRq;>=�BK=�BDU\=�C���=QPA`
aOSh=�BDjkR�F\=QP��w8\P�MO=�UOMO=QP�S �GH8\gi=�=Q;>=�U\g GHSDSD? aO8N@�= �04;>=QP[=�BDUK?A@3BDCEC�8KU\a } ?QlHI4;K;:BDSDFK8KU\a & lJIXI � l
��Sh=�BDjkR\=�?�aOBDST@4g3�8\P$FKBh=�BDU���G#,�l � lVWq��8K?�GHCECq=�U\ae=�?A@�=�SDST@�=�U!0�UO@�=QP�?[8KjkR^8KU\aO?�=QP[ae=Q;:UKBD?[?�=GHUKF\=QP[=QP�I�8N@�WeP[=�U } ?Ql I4;K;:BDSDFK8KU\a � lVU � l 8�U�I4;K;:BDSDFK8KU\a & lJI b�?[BDUKF���8K?c�Gy@���SDBDjkR�FKBh=+RKBh=QP
=QP�CEBT@[@�=�ST@�=�UEI4;K;LGH8KSh=�BD?A@38KU\ae=�UE=�BDU\ae=*@�P3G_ae=�Uul^�!?�X4BhP�F�F\=�8N@3SDBDjkRut^F:G���ae=Qae=�U#�8\;>=QP�F\=�U
GH8K?%F\=QP K BT@�=QP3Gy@38\P�;>=Qd_GHUKUO@�=�U mwGy@�=�UbF:GH?�=�BDU^`w;K�*X+l#�*X�=�BD?A@38 � ae= +:=�?A@�;>=*@[@3?/.\?A@�=�C
CEBT@�F\=�C'8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSxae=�?[jkR<�GH8KC�@�=1��=QP3GHCEBhd
MOWeP�GHSDSh=�C BDC np=QP[=�BDjkR
R\WOR\=QP4�4GH8KC1;>=�S�GH?A@38KU\ae=�U
?�=�R\PJaO8N@�=�I4;K;LGH8\=QP[ae=Q;:UKBD?[?�=�GH8\g X4Bh=�?Ql
�!BDU �$GHjkRO@�=�BDSw;>=�B+F\=QP�np=�?A@3BDCEC�8KU\a�F\=�?�I4;K;LGH8NMO=QP�R:GHST@�=�UK?�BDC deWOUO@3BDU^8KBh=QP�SDBDjkR\=�U
�Z=cG_dY@�WeP[;>=*@�P�Bh=Q;�SDBh=QaH@�BDU�F\=�C +:=�RKSh=QP�t!F\=QP�FK8\P�jkR�F:GH?%r�GHjkRK?A@38KC F\=QP�n�G_dY@�=QP�Bh=�U
X1�GHR\P[=�UKF F\=QP���=QP�?[8KjkRK?��Q=�BT@%R\=QP�MOWeP[ae=QP�8\gi=�U�X4BhP�Ful)+��8\P�FKBh=qMO=QP�X�=�UKF\=*@�=�U +:=�?A@�;>=*@[@�`
P[=cG_dY@�WeP[=�U d_GHC =�?%X1�GHR\P[=�UKF�F\=QP�np=*@�P�Bh=Q;:?��Q=�BT@�GH8\giaeP�8KUKF�F\=QPEae=QP�BDU\ae=�U K =Q=QP[P[WOR\PA`
ae=�?[jkROX4BDUKFKBhaede=�BT@�=�U } C�G���l WVjQC#�_R � ��8�=�BDU\=QP�]^=�FKBDCq=�UO@kGy@3BhWOU�;K�*X+luI4d^dN8KC�8KS�Gy@3BhWOU
MOWOUEn�BhWOC�GH?[?�=J8KUKF�GHUKF\=QP[=QP�]Y@�W.-x=�UulYI�SD?O+:WOShae=�MO=QP[P�BDU\ae=QP�@/?[BDjkR�FKBh=Z��=QP�X�=�BDSh�Q=�BT@/F\=�?
I4;YXZGH?[?�=QP�?/BDUqF\=�C �Z=cG_dY@�WeP�tHXZGH?���8E=�BDU\=QP!�Z=�FK8\��Bh=QP�8KU\a1F\=QP/I4;K;LGH8KSh=�BD?A@38KU\a+g3�8KR\P�@cl
�!BDUqX�=�BT@�=QP[=QP �$GHjkRO@�=�BDSLSDBh=QaH@pBDU�F\=�C P[=�S�Gy@3BTM%S�GHU\ae=�U :x=�BT@�P3GH8KC�teF\=QPpg3�8\PpFKBh= f =�?[?[8KU^`
ae=�U�BDC deWOUO@3BDU^8KBh=QP�SDBDjkR\=�U
�Z=cG_dY@�WeP[;>=*@�P�Bh=Q;�U\WH@�X�=�UKFKBhaqBD?A@cl

�Xb
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[Yeoh97] [Yada89] [Offe90]

[Dura98] [Fros82] [Jaya95]

[Brau82] [Glow92] [Jhun95]

- eigene Daten der Mini-
  und Versuchsanlage

α = 100%

I4;K;:BDSDFK8KU\a & lJI b e ��=QP[aOSh=�BDjkR�F\=QP�GH8K?EF\=QP K BT@�=QP3Gy@38\Pq;>=Qd_GHUKUO@�=�U�I4;K;LGH8KF:Gy@�=�U�CEBT@
F\=�U�RKBh=QPZ=QP�CEBT@[@�=�ST@�=�UVI4;K;LGH8KSh=�BD?A@38KU\ae=�U

I�8\giaeP�8KUKF�F\=QP�We;>=�U�GHU\ae=Qg3�8KR\P�@�=�U �$GHjkRO@�=�BDSh=et�FKBh=�;>=�BJF\=QP�np=�?A@3BDCEC�8KU\a�F\=�?�I4;N`
;LGH8NMO=QP�R:GHST@�=�UK?pGH8K?/F\=�U�mwGy@�=�UEF\=�?!deWOUO@3BDU^8KBh=QP�SDBDjkR\=�Uqnp=*@�P�Bh=Q;>=�?pGH8\g @�P[=*@�=�UutO;>=�?A@kGHUKF
FKBh=�I�8\giaYG_;>=et:=�BDU�ae=Q=�BhaOU\=*@�=�?���=QP[g GHR\P[=�U�g3�8\P4FKBh=�I�U:GHS .\?�=+F\=�?4I4;K;LGH8NMO=QP�R:GHST@�=�UK?4BDU
=�BDU\=�C n�Gy@3jkROMO=QP�?[8KjkR
��8 � UKF\=�Uul

����� � ����* ��) ) ����� ����� � " "����
���%$! ���" *#�$��� ���%$
& '� "(�$��) �$"*�+�,�-���,./ �"*�$) 0(� ��� �
����* "(� *`* $��4� �k*#��2
$��$�

�!BDU\=�?4F\=QPZX�=�?�=�UO@3SDBDjkR\=�U!0�UO@�=QP�?[8KjkR^8KU\aO?���Bh=�Sh=+S�G_aEBDU�F\=QP�np=�?A@3BDCEC�8KU\a%F\=�?4I4;K;LGH8^`
MO=QP�R:GHST@�=�UK?!F\=�?�MO=QP�X�=�UKF\=*@�=�UEI4;YXZGH?[?�=QP�?!�%�8\;>=�UKCq=�S�GH?[?�=�?[jkRKSh=�Ck,>=Jg3�8\P/8KUO@�=QP�?[jkRKBh=�F^`
SDBDjkR�FKBDCq=�UK?[BhWOUKBh=QP�@�==+:=�?A@�;>=*@[@�P[=cG_dY@�WeP[=�Uul f BT@�F\=QPw��=�UKUO@3UKBD?$F\=�?wI4;K;LGH8NMO=QP�R:GHST@�=�UK?
BDUfI4;:R<�GHU\aOBhaede=�BT@qMOWOU�F\=QP���=QP�X�=�BDSh�Q=�BT@�F\=�?�I4;YXZGH?[?�=QP�?�BD?A@VFKBh= �04;>=QP�@�P3G_aO8KU\a�F\=QP
ae=*X�WOUKU\=�U\=�U ��P[ae=Q;:UKBD?[?�=
8KUO@�=QP%F\=QP1��WeP3GH8K?[?�=*@���8KU\a(F\=QP�aOSh=�BDjkR\=�U ��=QP�X�=�BDSh�Q=�BT@[MO=QPA`
@�=�BDSD8KU\a:t$F\=QP(GHUKU<�GHR\=QP�UKF aOSh=�BDjkR\=�U�G_dY@3BTMO=�U n�BhWOC�GH?[?�=b?�W|X4Bh=bF\=QP�deWeP[P[=QdY@�=�U np=�`
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?A@3BDCEC�8KU\a�F\=�?/I4;K;LGH8NMO=QP�R:GHST@�=�UK?!F\=�?/I4;YXZGH?[?�=QP�?pGH8\g�GHUKF\=QP[=��Z=cG_dY@�WeP�FKBDCq=�UK?[BhWOU\=�U
C��WeaOSDBDjkRul28�Cc8�F\=cGHShg GHSDSxd_GHUKU
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Versuch 1: cS0 abb = 9,2 gCSB/L

Versuch 2: cS0 abb = 13,4 gCSB/L

Versuch 3: cS0 abb = 23,0 gCSB/L

Versuch 4: cS0 abb = 24,0 gCSB/L

Versuchsanlage
Reaktor 1
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Versuch 1: c0 = 13,0 gCSB/L
Versuch 2: c0 = 17,8 gCSB/L
Versuch 3: c0 = 28,8 gCSB/L
Versuch 4: c0 = 32,0 gCSB/L

Versuchsanlage
Reaktor 1
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I4;K;:BDSDFK8KU\a & lJI^W e mwG_P�?A@�=�SDSD8KU\a�F\=QPq]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@�BDU�I4;:R<�GHU\aOBha_`
de=�BT@ZMOWOU � � �|@��K�Z=cG_dY@�WeP-I$`���=QP�?[8KjkRK?�GHUKS�G_ae=
�*X4BD?[jkR\=�UsF\=QP1]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@�8KUKF � � �|@ctxX4BhP�FsGH8K?�F\=QP�giWOShae=�UKF\=�U
��Sh=�BDjkR^8KU\aEF\=�8N@3SDBDjkRul

z 
���� �
� ��
� � � � � ������

� ��
��� } & l b H �

�H9



����� ���	��� ��������� �
� � � � ����� �������%
���� ����� �����/��� � 
���� �
���

0

10

20

30

40

50

60

70

80

90

0 20 40 60 80 100 120

t [h]

α 
[%

]

Versuch 1 c0 = 13 gCSB/L

Versuch 2 c0 = 17,8 gCSB/L

Versuch 3 c0 = 28,75 gCSB/L

Versuch 4 c0 = 32 gCSB/L

Versuchsanlage 
Reaktor 1
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CSB-Äquivalent der Fettsäuren
hydrolysierbare CSB-Konzentration
Gesamt CSB-Konzentration

Versuchsanlage 
Reaktor 1

Batchversuch
c0 = 30 gCSB/L
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Rübenmelasseschlempe
Versuchsanlage

CSB-Äquivalent für Essigsäure
Versuchsanlage

Rübenmelasseschlempe
Minianlage
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Daten KUS [Kus93]

eigene Messungen
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→
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Versuchsanlage
zweistufiger Betrieb

τGesamt = 36 h
cSein = 10 ... 30 gCSB/L
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Versuchsanlage
Reaktor 1
τ = 30 h
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8KUKF(F\=�C �Z=cG_dY@�WePwCEBT@�=�BDU\=�C GH8\g X4BhP[;>=�Sh;LG_P[=�U�+:=�?A@�;>=*@[@+FK8\P�jkR\ae=Qg3�8KR\P�@cl 8�U(I4;K;:BDSv`
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Hybridreaktor Stillstand 4 Tage

Reaktor mit aufwirbelbarem Festbett
Stillstand 4 Tage

identische Parameter für beide 
Reaktoren

τ = 27 h; cS ein = 25,5 gCSB/L
VR real = 24,3 L; Vmax = 7 L/h
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normierter Biogasvolumenstrom

normierter Methanvolumenstrom

Reaktor 1
Versuchsanlage

max. Biogasvolumenstrom 13,45 L/h
max. Methanvolumenstrom 7,58 L/h
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zweistufige Laboranlage

zweistufige Versuchsanlage

τLaboranlage = 30 h
τVersuchsanlage = 36 h

kontinuierlicher Betrieb
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GHUKS�G_ae=�BDU�I4;:R<�GHU\aOBhaede=�BT@�MOWOU�F\=QP � ]Nn!` �!BDU\aYGHU\aO?�deWOU\�Q=�UO@�P3Gy@3BhWOU
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τMinianlage = 7 h ... 58 h
cS ein Minianlage = 15 gCSB/L

τVersuchsanlage = 36 h
cS ein Versuchsanlage = 10...25 gCSB/L

α = 100%

I4;K;:BDSDFK8KU\a & l b � e ��=QP[aOSh=�BDjkRsF\=�?1I4;K;LGH8NMO=QP�R:GHST@�=�UK?�F\=QP f BDUKB�GHUKS�G_ae=E8KUKF�F\=QP+��=QPA`
?[8KjkRK?�GHUKS�G_ae=

GH8KjkRERKBh=QP!g3�8\P!F\=�UEae=�?�GHC�@�=�U%np=�S�GH?A@38KU\aO?�;>=QP[=�BDjkREFKBh=4I4;K;LGH8KSh=�BD?A@38KU\ae=�U��8\;>=QP[=�BDUulO�!?
d_GHUKU�F:G�MOWOU�GH8K?�ae=QaYGHU\ae=�U%X�=QP�F\=�UutYF:G��+ae=QP�BDU\ae=4I4;YX�=�BDjkR^8KU\ae=�UqBDUEF\=�C ��=QP�R<�GHST@3UKBD?
MOWOU 5��WOR\=%��8(m�8\P�jkRKCq=�?[?�=QP�F\=�?+�Z=cG_dY@�WeP�? } 8KUO@�=QP�?[jkRKBh=�FKSDBDjkR\=qm�8\P�jkRK?A@�P|�WOC�8KU\aO?�ae=�`?[jkROX4BDUKFKBhaede=�BT@�=�U � =�BDU\=�8KUO@�=QP[ae=QWeP�FKU\=*@�=+�ZWOSDSh=�g3�8\PJFKBh=�I4;K;LGH8KSh=�BD?A@38KU\aE? ,:Bh=�Sh=�Uul
�!BDU���=QP[aOSh=�BDjkR�F\=QPVF\P[=�B48KUO@�=QP�?[8KjkRO@�=�Uf�Z=cG_dY@�WeP�?/.\?A@�=�Cq=�d_GHUKUfBDUKFKBhP[=QdY@ �8\;>=QP�F:GH?
BDF\=�UO@3BD?[jkR\=�I4;K;LGH8NMO=QP�R:GHST@�=�U F\=QP K G_;>WePA`�8KUKF�F\=QP+��=QP�?[8KjkRK?�GHUKS�G_ae= } ?Ql,I4;K;:BDSDFK8KU\a
& l bdW � ?�W|X4Bh=�F\=QPp��=QP�?[8KjkRK?�`/8KUKF
F\=QP f BDUKB�GHUKS�G_ae= } ?QlNI4;K;:BDSDFK8KU\a & l b � � =QP[giWOShae=�UulNmwG
FKBh= f BDUKBv`�8KUKFsFKBh= K G_;>WeP3GHUKS�G_ae=qF:GH?�aOSh=�BDjkR\=EI4;K;LGH8NMO=QP�R:GHST@�=�U�X4Bh=�FKBh=%��=QP�?[8KjkRK?�`
GHUKS�G_ae=�GH8\g X�=�BD?�=�Uut<d_GHUKU GH8\g�FKBh= �04;>=QP[=�BDUK?A@3BDCEC�8KU\a�F\=QP+P[=cG_dY@�WeP�? ,>=Q��B � ?[jkR\=�U I4;N`
;LGH8KSh=�BD?A@38KU\ae=�U
ae=�?[jkRKShWO?[?�=�U�X�=QP�F\=�UulKm�Bh= �04;>=QP[=�BDUK?A@3BDCEC�8KU\a�F\=QPZI4;K;LGH8KSh=�BD?A@38KU\ae=�U
=QP�S�GH8\;\@�=�BDU\= �04;>=QP�@�P3G_aO8KU\a%F\=QP�8KUO@�=QP�?[jkRKBh=�FKSDBDjkR\=�UV��P[ae=Q;:UKBD?[?�= } �!BDU�*L8K?[? 8�CECqWe;:BDSDBv`
?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS�txI�U\g GHR\P�MOWeP[aYGHU\a:tx=QP[P[=�BDjkRO@�=%I4;K;LGH8KSh=�BD?A@38KU\a � F\=QP m�=*X�=�BDSDBhae=�U�I4;N`
XZGH?[?�=QP3GHUKS�G_ae=+GH8\g#FKBh=+GHUKF\=QP[=�U��Z=cG_dY@�WeP�?/.\?A@�=�Cq=el

9 �



����� ���	��� ��������� �
� � � � ����� �������%
���� ����� �����/��� � 
���� �
���

����� 
 ��������� ����� �<) ) �="���"��Q���*�%$!�������#) �;*#�%$��*��"Q� ���! 
� �*� � " "�����"*� �Q��*������
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,LG_P3GHSDSh=�SK;>=*@�P�Bh=Q;>=�U\=�U��Z=cG_dY@�WeP[=�UEF\=QP f BDUKB�GHUKS�G_ae=ZFKBh= f Gy@�=QP�B�GHSDBh=�U�ae=�?[jkR<�GH8KC�@�=Z��=�`
P3GHCEBhdxt��#WOS . ,KP[WX,2.\Sh=�UutLn�S �GHRO@�WOU�8KUKF�]NBhP3GHU^` ��S�GH?�8KUO@�=QP�?[8KjkRO@cl 8�C f BT@[@�=�S ,:8KU\dY@$F\=QP0�UO@�=QP�?[8KjkR^8KU\ae=�U�?A@kGHUKF�FKBh=+I�U:GHS .\?�=�F\=QP K =�BD?A@38KU\aO?�g��GHRKBhaede=�BT@48KUKF�FKBh= :�8K?�GHCECq=�U^`
?�=*@���8KU\a�F\=QP�?[BDjkR�=�UO@�X4BDj3de=�SDUKF\=�U�n�G_dY@�=QP�Bh=�U ,>WX,:8KS�Gy@3BhWOUul �04;>=QPwF\=�U�ae=�?�GHC�@�=�U���=QPA`
?[8KjkRK?��Q=�BT@�P3GH8KC ;:SDBh=Q;EFKBh= � ]Nn!`/:�8KS�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU�CEBT@�j�G\lFI & a�� K deWOUK?A@kGHUO@clX0�C
FKBh=1��P[ae=Q;:UKBD?[?�=1FKBh=�?�=QP4��=QP�?[8KjkR\=1CEBT@���P[ae=Q;:UKBD?[?�=�U�F\=QP K G_;>WePA`�8KUKF���=QP�?[8KjkRK?�GHUKS�G|`
ae=$MO=QP[aOSh=�BDjkR\=�U���8Vdu�WOUKU\=�UutN=QP[giWOShaH@�=�de=�BDU\=w�Z=Qae=�SD8KU\a%F\=�? ,F5Z` rs=QP�@�=�?Ql �I�UKF\=QP�8KU\ae=�U
F\=QPJ�4GH8KC1;>=�S�GH?A@38KU\a�X48\P�F\=�U
FK8\P�jkR�FKBh=��/G_P�B�Gy@3BhWOU�F\=QP���=QP�X�=�BDSh�Q=�BT@ZF\=�?�I4;YXZGH?[?�=QP�?
} �qR�` & UER � =�BDU\ae=�?A@�=�SDST@clF8�U�I4;K;:BDSDFK8KU\a & l bdUqBD?A@$F\=QPJ��=QP�S�GH8\g�F\=QP$I4;K;LGH8\aeP3GHF\=�g3�8\P
FKBh=�=�BDU\�Q=�SDU\=�U f Gy@�=QP�B�GHSDBh=�U(BDUsI4;:R<�GHU\aOBhaede=�BT@+MOWOUsF\=QP+��=QP�X�=�BDSh�Q=�BT@1F\=�?�I4;YXZGH?[?�=QP�?
F:G_P[ae=�?A@�=�SDST@clKI�UKR:GHUKF�F\=QPJI4;K;LGH8\aeP3GHF\=wX�=QP�F\=�U�FKBh=-0�UO@�=QP�?[jkRKBh=�F\=��*X4BD?[jkR\=�U�F\=�U
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Minianlage
cS ein = 15 gCSB/L

I4;K;:BDSDFK8KU\a & l bdU e ��=QP�S�GH8\g�F\=�? � ]Nn!` I4;K;LGH8\aeP3GHF\=�?+BDU(I4;:R<�GHU\aOBhaede=�BT@�MOWOU(F\=QPw��=QPA`
X�=�BDSh�Q=�BT@J8KUKF�F\=�C 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS
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=�BDU\�Q=�SDU\=�U f Gy@�=QP�B�GHSDBh=�U F\=�8N@3SDBDjkRul m�Bh= ;>=�?A@�=�U I4;K;LGH8\=�Bhae=�UK?[jkR:G_g @�=�U X4Bh=�?�F\=QP
�Z=cG_dY@�WePbCEBT@ F\=�C 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS�ae=�?[jkR<�GH8KC�@�=���=QP3GHCEBhd GH8\g�l���P�?A@
g3�8\P�=�BDU\=���=QP�X�=�BDSh�Q=�BT@�dNSh=�BDU\=QP I & R�?�GHU\d�F\=QP � ]Nn!` I4;K;LGH8\aeP3GHF 8KUO@�=QP � H � l 8�U
F\=QP��Z=�BDR\=�U\giWOShae=�F\=QP�I4;K;LGH8KSh=�BD?A@38KU\ae=�U giWOShaH@�=�U FKBh=��Z=cG_dY@�WeP[=�U�CEBT@VF\=�Ul8�CECqW_`
;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSDBh=�U ]NBhP3GHUut n�S �GHRO@�WOUb8KUKF �#WOS . ,KP[WX,2.\Sh=�Uul 5�Bh=QP[;>=�B��Q=�BhaH@�=�?[BDjkRut
F:G�� =�BDU\=�?�=�R\P aeP[W,�e= ? ,>=Q��B � ?[jkR\= 
�;>=QP *,�GHjkR\= } ]NBhP3GHU ��S�GH? W HXHXHXH C � � C � � BDC
CEBhd^P[WO?�deWX,:BD?[jkR\=�U�np=QP[=�BDjkR
de=�BDU\=�U�=�UO@3?[jkR\=�BDF\=�UKF\=�U��!BDU�*L8���GH8\g#FKBh=+I4;K;LGH8KSh=�BD?A@38KU\a
F\=�?q�Z=cG_dY@�WeP�?%R:Gy@[@�=el#m�Bh=�?�=
aeP[W,�e=
? ,>=Q��B � ?[jkR\= 
�;>=QP *,�GHjkR\=
X4BhP�F MOWePqGHSDSh=�C FK8\P�jkR
FKBh=
aeP[W,�e=VBDUKU\=QP[= 
�;>=QP *,�GHjkR\=�F\=�?E]NBhP3GHU^` ��S�GH?�=�?1=QP[�Q=�8\aH@cl m$=QP%�#WeP[=�UKFK8\P�jkRKCq=�?[?�=QP
F\=�? ]NBhP3GHU^` ��S�GH? SDBh=QaH@�F\=�8N@3SDBDjkR �8\;>=QP I H � C } ?Ql�n�BDSDF�o:l � � t�?�W F:G�� F\=QP i-P|�G_ae=QP
MOWOU BDUKU\=�UsR\=QP3GH8K?�MOWOUsF\=�U�n�G_dY@�=QP�Bh=�U(;>=*XZGHjkRK?�=�U(X4BhP�Ful<m�8\P�jkR FKBh=�?�=�U np=*X48KjkRK?
F\=�? i-P|�G_ae=QP�?
?A@�=�RO@�U:GHjkR�dN8\P[�Q=QP :x=�BT@�FKBh=�? ,>=Q��B � ?[jkR\= 
�;>=QP *,�GHjkR\=sBDUKU\=QP�R:GHSh;�F\=�?
8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSD?�UKBDjkRO@ Cq=�R\P(��8\P(��=QP[g3�8\aO8KU\a:l���Bh=�SDCq=�R\P(?[jkR\=�BDUO@�FKBh=
GHU\ae=Q;>WH@�=�U\=VC�G_d^P[WO?�deWX,:BD?[jkR\=�
�;>=QP *,�GHjkR\= } ?Ql,I4;K;:BDSDFK8KU\ajo:l o � FKBh=�I4;K;LGH8KSh=�BD?A@38KU\a��8�;>=Q=�BDU�*L8K?[?�=�Uul 8�UfFKBh=�?�=�C np=QP[=�BDjkR�;:Bh=*@�=*@VF:GH? f Gy@�=QP�B�GHS�ae=�?[jkR<�GH8KC�@�=���=QP3GHCEBhd
FKBh=�aeP|�W,�H@�= 
�;>=QP *,�GHjkR\=�GHUul
�4=Q;>=�U F\=QPVI4;K;LGH8KSh=�BD?A@38KU\a�?A@�=�RO@�;>=�B�F\=QP�r�GHRKS4F\=�?98�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSD?
F\=QPVI�UK?[jkR:G�-�8KU\aO? ,KP[=�BD?VBDC ��WeP�F\=QP[aeP�8KUKFul/np=�B4=�BDU\=�C ��=QP[aOSh=�BDjkR�F\=QP f Gy@�=QP�B�GHSDBh=�U
]NBhP3GHU^` ��S�GH?
8KUKF�n�S �GHRO@�WOU�=QP[;KP�BDU\aH@��*XZG_P
F\=QP��Z=cG_dY@�WeP
CEBT@
F\=�C ]NBhP3GHU^` ��S�GH?
FKBh=
R<�WOR\=QP[=�U�I4;K;LGH8KSh=�BD?A@38KU\ae=�Uut|@�P[WH@���F\=�C ?A@�=�SDST@ F\=QP n�S �GHRO@�WOU1GH8\giaeP�8KUKF1?�=�BDU\=�?#ae=QP�BDU\ae=�U
I�UK?[jkR:G�-�8KU\aO? ,KP[=�BD?�=�? } j�G\l &dH m f �_C�� � =�BDU\=�I�ST@�=QP�U:Gy@3BTMO=+F:G_P�l>I�8K?4FKBh=�?�=�C �$P�8KUKF
X48\P�F\=�FKBh=�?�=�? 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS-g3�8\P�FKBh=�I�8K?[?A@kGy@[@38KU\a�F\=�?��Z=cG_dY@�WeP�?�CEBT@
=�BDU\=�C GH8\g X4BhP[;>=�Sh;LG_P[=�U +:=�?A@�;>=*@[@ } ?Ql:��G#,�l & l o � � F\=�C ]NBhP3GHU^` ��S�GH?�MOWeP[ae=Q�QWeae=�Uul:m$=QP
i-P|�G_ae=QP�ae=�?[jkR<�GH8KC�@�=V��=QP3GHCEBhd(d_GHC GH8\giaeP�8KUKFb?�=�BDU\=QPq8KU\P[=Qae=�SDC��G��OBhae=�U �$=QWOCq=*@�P�Bh=
g3�8\P�FKBh=�?�=�I�8\giaYG_;>=VUKBDjkRO@1BDU +:P3G_ae=el-m�8\P�jkR FKBh= f �WeaOSDBDjkR\de=�BT@�F\=QP���=QP[�cGHRKU^8KU\a�F\=QP
=�BDU\�Q=�SDU\=�U +��8KSDShdu�WeP ,>=QP�XZG_P(FKBh=�I�8\g X4BhP[;>=�Shg��GHRKBhaede=�BT@�F\=�?�de=QP3GHCEBD?[jkR\=�U f Gy@�=QP�B�GHSD?
F\=�8N@3SDBDjkR
=�BDU\ae=�?[jkR\P|�GHU\dY@cl
8�C �$=Qae=�UK?�Gy@�����8�F\=�U ;:BD?[R\=QP�;>=*@�P3GHjkRO@�=*@�=�U f Gy@�=QP�B�GHSDBh=�U�XZG_P1FKBh=�I4;K;LGH8KSh=�BD?A@38KU\a
F\=�?��Z=cG_dY@�WeP�?sCEBT@ �#WOS . ,KP[WX,2.\Sh=�U ?�=�R\P ae=QP�BDU\a:l�m�Bh=�?�=�? I4;K;LGH8NMO=QP�R:GHST@�=�U�X48\P�F\=
;>=QP[=�BT@3?�BDU�giPH�8KR\=QP[=�U���=QP�?[8KjkR\=�U�=QP�CEBT@[@�=�ST@�8KUKF�deWOUKUO@�=1FK8\P�jkR�FKBh=�?�= 0�UO@�=QP�?[8KjkR^8KU\a
P[= ,KP[WNFK8\��Bh=QP�@VX�=QP�F\=�Uul�m$=QP �$P�8KUKF g3�8\PVFKBh=�UKBh=�F\P�Bhae=�I4;K;LGH8KSh=�BD?A@38KU\abS�G_abBDUfF\=�C
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Siran
Blähton
Polypropylen 
Keramik

Minianlage
cSein = 15 gCSB/L

τ = 12 h

pHSiran 7,7
pHBlähton 7,6

pHPolypropylen 5,58
pHKeramik 7,81

I4;K;:BDSDFK8KU\a & l bH9 e +:=*@[@3?c�GH8\P[=�? ,>=QdY@�P�8KC BDC �Z=cG_dY@�WeP3G_;:S�GH8\g>g3�8\P/FKBh=J8KUO@�=QP�?[jkRKBh=�FKSDBDjkR\=�U
8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSDBh=�Uut f BDUKB�GHUKS�G_ae=

� H � ` � & � BDU +:WeP�C MOWOU +:=*@[@3?c�GH8\P[=�U�MOWeP } ,F5Z` rs=QP�@ & tVW � lZI�8\giaeP�8KUKF FKBh=�?�=�?
ae=QP�BDU\ae=�U�,F5Z` rs=QP�@�=�?wd_GHUKU�g3�8\P+F\=�U��Z=cG_dY@�WeP�CEBT@wF\=�C 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS
�#WOS . ,KP[WX,2.\Sh=�U MOWOU =�BDU\=QPo]N8\;:?A@�P3Gy@3BDUKRKBh;:Bh=QP�8KU\a GH8K?�ae=QaYGHU\ae=�U X�=QP�F\=�Uul�m�Bh=�?�=
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P�8KU\aO?[C�Gy@�=QP�B�GHS �#WOS . ,KP[WX,2.\Sh=�U d_GHUKU g3�8\PfFKBh=�?�=�U +>GHSDS�FK8\P�jkR FKBh= �Z=Qae=�SD8KU\a�F\=�?

9XW



����� � � � ��� 
�� ��� � � � � ����� � ��� �
����
���� � � �������	�
����� ��
�� � �
� � �
�'��
��
����� ��
����

,F5Z` rs=QP�@�=�?�=QP[P[=�BDjkRO@ X�=QP�F\=�Uul 8�U\giWOShae=�F\=QP���P�R<�WOR^8KU\a F\=�?l,F5Z` rs=QP�@�=�? deWOCEC�@
=�?���8 =�BDU\=QP���=QP[P�BDU\ae=QP�8KU\a F\=QP ��WOU\�Q=�UO@�P3Gy@3BhWOU\=�U 8KUKFKBD?[?�We��BDBh=QP�@�=QP +:=*@[@3?c�GH8\P[=�Uut
FKBh=s��8�=�BDU\=�C I�8\g	R\=Q;>=�U F\=QP�]N8\;:?A@�P3Gy@3BDUKRKBh;:Bh=QP�8KU\a�g3�8KR\P�@clJm�Bh= K BDCEBT@3Bh=QP�8KU\a�F\=QP
gi=*@[@3?c�GH8\P[=*MO=QP�X�=QP�@�=�UKF\=�U�I4;K;LGH8K?A@38\gi=�X4BhP�F�GH8\giae=�R\We;>=�Uul60�C FKBh=1I4;K;LGH8\=QP[ae=Q;:UKBD?[?�=
GHSDSh=QPsM\Bh=QPb8KUO@�=QP�?[8KjkRO@�=�U 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSDBh=�U MO=QP[aOSh=�BDjkR\=�U ��8�du�WOUKU\=�Uut
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Minianlage; zweistufige Kaskade; 1. Stufe Polypropylen,
 2. Stufe Keramik; τ = 30 h, cS ein = 15 gCSB/L
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U:GHjkR�=�BDU\=�C np=*@�P�Bh=Q;:?��Q=�BT@�P3GH8KC MOWOU�bTo i#G_ae=�U X48\P�F\=�FKBh= g3�8\PsF\=�U�=�BDUK?A@38 � ae=�U
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Minianlage
τ = 24 h

cSein = 15 gCSB/L
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?�=QP } &dH CECqWOS ��SD8Kj*WO?�=et b & CECqWOS K GHj�@kGy@ct b & CECqWOS���@3R:GHU\WOS � ��8K?c�Gy@���SDBDjkR(��8 F\=QP
�%�8\;>=�UKCq=�S�GH?[?�=�?[jkRKSh=�Ck,>= } j
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� � I & a�� K tL��=QP�X�=�BDSh�Q=�BT@hI & RZ,KP[W
�Z=cG_dY@�WeP � BDU�F:GH?
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np=*@�P�Bh=Q;:?A@kG_aw=�BDUK?A@�=�SDST@�=�Uul#8�U%F\=�C np=*@�P�Bh=Q;:?��Q=�BT@�P3GH8KC MOWeP�F\=�C � H lHnp=*@�P�Bh=Q;:?A@kG_awS�G_ae=�U
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Gesamt

 Substratsupplementierung 
am 80. Betriebstag

Versuchsanlage
τGesamt = 36 ... 72 h

cS ein = 10 ... 30 gCSB/L

I4;K;:BDSDFK8KU\a & l �e� e 8�UY;>=*@�P�Bh=Q;:U:GHRKCq=qF\=QPw��=QP�?[8KjkRK?�GHUKS�G_ae=EFK8\P�jkRs]N8 , ,:Sh=�Cq=�UO@3Bh=QP�8KU\aMOWOU�Sh=�BDjkRO@4G_;K;LGH8\;LG_P[=�C ]N8\;:?A@�P3Gy@ } ��SD8Kj*WO?�=et K GHj�@kGy@ctK��@3R:GHU\WOS �

?A@3Bh=Qa1BDUEF\=�U�giWOShae=�UKF\=�ULb H np=*@�P�Bh=Q;:?A@kG_ae=�UqMOWOUEj�G\l � H�� GH8\g)W H � GHUul 8�C giWOShae=�UKF\=�U
:x=�BT@�P3GH8KC X48\P�F\=�F\=QPpI4;K;LGH8\aeP3GHFute@�P[WH@��4��P�R<�WOR^8KU\a1F\=QP � ]Nn!`/:�8KS�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU
MOWOU�I & a�� K GH8\g b & a�� K ?�W|X4Bh=���=QP[P�BDU\ae=QP�8KU\aEF\=QP �$=�?�GHC�@[MO=QP�X�=�BDSh�Q=�BT@/MOWOU o2W�R�GH8\g
j�G\l � H RutK;:BD?���8KC f G��\BDC�GHSTX�=QP�@pMOWOU U H � ae=�?A@�=�Bhae=QP�@cl
8�U�=�BDU\=QP,? ,-�Gy@�=QP[=�U-8�UY;>=*@�P�Bh=Q;:U:GHRKCq=!F\=QP K G_;>WeP3GHUKS�G_ae=�deWOUKUO@�=!FKBh=p]Y@�P3Gy@�=QaOBh=�F\=QP ]N8\;N`
?A@�P3Gy@3?[8 , ,:Sh=�Cq=�UO@3Bh=QP�8KU\a%UKBDjkRO@�=QP[giWOShaeP[=�BDjkRV8KCqae=�?�=*@��*@�X�=QP�F\=�UulKmwGH? :�8\ae=Q;>=�U�Sh=�BDjkRO@
G_;K;LGH8\;LG_P[=QPw]N8\;:?A@�P3Gy@�=�g3�8KR\P�@�=���8�=�BDU\=QP4��=QP�?[jkRKSh=�jkRO@�=QP�8KU\aVF\=�?$�Z=cG_dY@�WeP[��8K?A@kGHUKF\=�?Ql
8�UsF\=�U ,LG_P3GHSDSh=�S FK8\P�jkR\ae=Qg3�8KR\P�@�=�UsCEBhd^P[We;:BhWOShWeaOBD?[jkR\=�UZ0�UO@�=QP�?[8KjkR^8KU\ae=�U�deWOUKUO@�=qF\=QP
�$P�8KUKF(BDU�F\=QP�UKBDjkRO@�MOWeP�R:GHUKF\=�U\=�U�Cq=*@3R:GHU\Weae=�U\=�U �#WX,:8KS�Gy@3BhWOU�ae=Qg	8KUKF\=�U�X�=QP�F\=�Uul
��P�?A@�FK8\P�jkR =QP�U\=�8N@�=�?�I�UKBDCk,Kgi=�U�CEBT@ f =*@3R:GHUY;LG_dY@�=QP�Bh=�U�X48\P�F\=�FKBh=�?�=�? ��P[We;:Sh=�C
ae=�S �WO?A@ } ?QlK��G#,�l & lJI H lJI � l
r �GHR\P[=�UKFqF\=�?�I�U\g GHR\P ,KP[We�Q=�?[?�=�?!F\=QP f BDUKB�GHUKS�G_ae=ety��8KC ��=QP[aOSh=�BDjkR%F\=QP�8KUO@�=QP�?[jkRKBh=�FKSDBv`
jkR\=�U 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSDBh=�Uut�X48\P�F\=/FKBh=�MOWOU���� ��
 � � 
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X4Bh=�F\=QP#=�BDU\ae=�?[jkR:GHST@�=*@cl|n�SDBh=Q;�F\=QPA,F5Z` rs=QP�@�Cq=�R\P GHSD? b7i#G_ae=p8KUO@�=QP F\=QP�GHU\ae=Qae=Q;>=�U\=�U
�$P[=�U\�Q=et =QP[giWOShaH@�=�=�BDU\= �!8�-x=QP�8KU\a�F\=�?E]N8\;:?A@�P3Gy@3?�CEBT@ �$Gy@�P�BD8KCER .\F\P[Weae=�UKj�G_P[;>WOU:Gy@
g3�8\P�j�G\l�IwrsWNjkR\=el:mwGH?���WOSD8KCq=�U�F\=�?J=�BDU\ae=�?�=*@��*@�=�U 8�U\WedN8KSD8KCE?Z=�UO@3? ,KP3GHjkR�F\=�C �Z=�`
G_dY@�WeP�MOWOSD8KCq=�Uul f BT@ 5�BDShgi=�FKBh=�?�=QP/]Y@�P3Gy@�=QaOBh=�deWOUKUO@�=�U�FKBh=��Z=cG_dY@�WeP[=�U%F\=QP f BDUKB�GHUKS�G_ae=
BDUKU\=QP�R:GHSh;�MOWOU � f WOU:Gy@�=�U�GHU\ae=Qg GHR\P[=�UVX�=QP�F\=�Uul�!BDU\=4X�=�BT@�=QP[=�I�UOX�=�UKFK8KU\a�g GHUKF�FKBh=�?�=$I�U\g GHR\P�?A@�P3Gy@�=QaOBh=4BDU�F\=QPpae=Qae=�U#�8\;>=QP�F\=�C�I�U^`
g GHR\P�MOWeP[aYGHU\a�F\=QP f BDUKB�GHUKS�G_ae=EF\=�8N@3SDBDjkRs;>=�?[?�=QP��8\;>=QP�XZGHjkRO@�=�U 8�UY;>=*@�P�Bh=Q;:U:GHRKCq=�F\=�?
�Z=cG_dY@�WeP�?,CEBT@#GH8\g X4BhP[;>=�Sh;LG_P[=�C +:=�?A@�;>=*@[@cl|I4;K;:BDSDFK8KU\a & l � o4�Q=�BhaH@#F\=�U+�Q=�BT@3SDBDjkR\=�Uw��=QPA`S�GH8\gxF\=QPR8�UY;>=*@�P�Bh=Q;:U:GHRKCq=�;>=�B\=�BDU\=QP�deWOUK?A@kGHUO@�=�U � ]Nn!`/:�8KS�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU+MOWOU%j�G\l
I & a�� K lemwGH? ��WOSD8KCq=�U%F\=�?�=�BDU\ae=�?�=*@��*@�=�Uh8�U\WedN8KSD8KCE? ;>=*@�P�8\a�j�G\l I & � F\=�?!�Z=cG_dY@�WePA`
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Raumzeitausbeute

Raumbelastung

Versuchsanlage Reaktor mit 
aufwirbelbarem Festbett
cSein = 11...17 gCSB/L 

Verringerung τ 
von 52 h auf 26 h

I4;K;:BDSDFK8KU\a & l � o e 8�UY;>=*@�P�Bh=Q;:U:GHRKCq=�=�BDU\=�?�+:=�?A@�;>=*@[@�P[=cG_dY@�WeP�?�CEBT@-GH8\g X4BhP[;>=�Sh;LG_P[=�Cl8�C�`CqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS } n�S �GHRO@�WOU �
GH8\g�F\=�Us��P[g GHR\P�8KU\ae=�U(F\=�?wWe;>=�U�;>=�?[jkR\P�Bh=Q;>=�U\=�U I�U\g GHR\P�MOWeP[aYGHU\aO?wF\=QP f BDUKB�GHUKS�G_ae=
;LGH?[Bh=QP�@�=et�deWOUKUO@�=EF\=QP :x=�BT@�P3GH8KC F\=QP 8�UY;>=*@�P�Bh=Q;:U:GHRKCq=�GH8\g &dH i#G_ae=%MO=QP[d-�8\P[�*@�X�=QPA`
F\=�UulNmwGHU\=Q;>=�UEX48\P�F\=�GH8\g�n�GH?[BD?pF\=QPp��P[ae=Q;:UKBD?[?�=�GH8K?pF\=�UE��=QP�?[8KjkR\=�U���8\P�mn.\U:GHCEBhd
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MOWOU &dH � ` W H � =QP[P[=�BDjkRO@cl
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Reaktor 1; pH = 7
Reaktor 2; pH = 7 + leicht abb. Substrat
Reaktor 4; pH auxostatisch

identische 
Versuchsbedingungen

Minianlage, τ = 55 h, cS ein = 7,5...21 gCSB/L 
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Reaktor 3; leicht abb. Substrat

Reaktor 5; Adaption ohne Substratzufuhr
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Reaktor 3; leicht abb. Substrat
Reaktor 5; Adaption ohne Substratzufuhr

Minianlage, τ = 55 h, 
cS ein = 7,5...21 gCSB/L 

identische 
Versuchsbedingungen←
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Reaktor 1; pH = 7
Reaktor 2; pH = 7 + leicht abb. Substrat
Reaktor 3; leicht abb. Substrat
Reaktor 4; pH auxostatisch
Reaktor 5; Adaption ohne Substratzufuhr

Minianlage
τ = 60 h

cS ein = 7,5...21 gCSB/L 

identische 
Versuchsbedingungen←

I4;K;:BDSDFK8KU\a & l o H e f =*@3R:GHU:GHUO@�=�BDS BDC n�BhWeaYGH?�X1�GHR\P[=�UKF(F\=�?�?[BDC�8KST@kGHU\=�U�I�U\g GHR\P�MOWePA`
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Reaktor mit aufwirbelbarem Festbett
τ = 27 h

cS ein = 25 gCSB/L

Aufwirbelung

I4;K;:BDSDFK8KU\a & l oFI e ��=QP�S�GH8\g�F\=�?$n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOCq=�?�MOWeP$8KUKF�U:GHjkR�F\=QP�I�8\g X4BhPA`
;>=�SD8KU\a�F\=�?7+:=�?A@�;>=*@[@�=�?

��a�� K l-m�Bh=�I�8\g X4BhP[;>=�SD8KU\a�F\=�?=+:=�?A@�;>=*@[@�=�?+X48\P�F\=VU^8\P1FK8\P�jkR�FKBh=V�!BDUKSh=�BT@38KU\a�MOWOU
]Y@3BDj3dN?A@�W.- } C�G���l o HXH K �_R � =QP[P[=�BDjkRO@ct:F:GEFKBh=���=QP�X�=�UKFK8KU\aEMOWOU�P[=Q��BhP[dN8KSDBh=QP�@�=�C I4;N`
XZGH?[?�=QP,��8�R\WOR\=!��WOSD8KCq=�UK?A@�P|�WOCq= } j�G\l I HXHXH K �_R � =QP[giWeP�F\=QP�@#R<�Gy@[@�=el|m$=QP,��P[giWOSha4FKBh=�?�=QP
]Y@�P3Gy@�=QaOBh=!deWOUKUO@�=/FK8\P�jkR1FKBh= f =�?[?[8KU\a$F\=QP,WeP[aYGHUKBD?[jkR\=�U i-P[WNj3de=�UK?[8\;:?A@kGHU\��U:GHjkR+F\=�C
��=QP�?[8KjkRE;>=�?A@y�Gy@3BhaH@�X�=QP�F\=�UulX8�UEF\=�C @�=�BDSTX�=�BD?�=JG_;Kae=�?�=*@��*@�=�U +:=�?A@�;>=*@[@p8KUKFEF\=QP�*��8K?[?[Bv`
ae=�U �!R:GH?�=ZX48\P�F\=�UqaOSh=�BDjkR\=Jn�BhWOC�GH?[?�=QdeWOU\�Q=�UO@�P3Gy@3BhWOU\=�U�MOWOUqj�G\lFI o�a�� K gi=�?A@�ae=�?A@�=�SDST@cl8�C giWOShae=�UKF\=�UV��=QP�?[8KjkRK?��Q=�BT@�P3GH8KC deWOUKUO@�=�GHUKR:GHUKF
F\=�?Zae=Q;:BDSDF\=*@�=�U
n�BhWeaYGH?AMOWOSD8KCq=�U^`
?A@�P[WOCq=�?-gi=�?A@�ae=�?A@�=�SDST@,X�=QP�F\=�Uut_F:G���FK8\P�jkR1F\=�U�I�8\g X4BhP[;>=�STMO=QP�?[8KjkR1FKBh=�I4;K;LGH8KSh=�BD?A@38KU\a
UKBDjkRO@�U\=QaYGy@3BTM�;>=Q=�BDU�*L8K?[?A@wX48\P�F\=elx��WeP�8KUKF�U:GHjkR�F\=�C I�8\g X4BhP[;>=�STMO=QP�?[8KjkR�X48\P�F\=�U
n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P|�WOCq=4MOWOU�j�G\l1U K �_R�;K�*X+lL9 K �_RV`nI H K �_R
ae=�Cq=�?[?�=�Uul:I�8\giaeP�8KUKF
F\=QP�I�8\g X4BhP[;>=�SD8KU\a F\=�?9+:=�?A@�;>=*@[@�=�?qX48\P�F\=�U i-WH@��QWOU\=�Uut!BDU�F\=�U\=�U�de=�BDU\=�WX,\@3BDC�GHSh=
]N8\;:?A@�P3Gy@[MO=QP�?�WeP[aO8KU\a�=QP[giWOShaH@�=et�;>=�?�=�BT@3BhaH@cl-m�8\P�jkR FKBh=�F:G_P3GH8K?+P[=�?[8KST@3Bh=QP[=�UKF\=�R<�WOR\=QP[=
I4;K;LGH8KSh=�BD?A@38KU\a(d_GHC =�?qBDU F\=�U�giWOShae=�UKF\=�U np=*@�P�Bh=Q;:?A@kG_ae=�U ��8 =�BDU\=�C I�UK?A@3Bh=Qa(F\=�?
n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOCq=�?Ql
8�U�F\=QPwGHUK?[jkRKSDBh= �e=�UKF\=�U�np=*@�P�Bh=Q;:? ,:R:GH?�=�=QP[aYG_;>=�U�?[BDjkR�U\=Q;>=�U�F\=�C',>WO?[BT@3BTMO=�U�� -x=QdY@
F\=QP#I�8\g X4BhP[;>=�SD8KU\a } ��=QP[P�BDU\ae=QP�8KU\a�F\=QPAi-WH@��QWOU\=�U � ��P[We;:Sh=�Cq=�CEBT@-F\=�C I4;:?�=*@��Q=�U�F\=�?

IXI b



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

GH8\giae=*X4BhP[;>=�ST@�=�U!8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHSD?QlNmwGq?[BDjkR�GHU�8KUKF�8KUO@�=QP�F\=�C n�S �GHRO@�WOU
n�BhWeaYGH?-GHUK?�GHCECq=�ST@�=et*deWOUKUO@�=�=QP�?A@#FK8\P�jkR+F:GH?-�!BDUK?�=*@��Q=�U�=�BDU\=QP,I4;xF\=�j3d[,:S�Gy@[@�=etcFKBh=�;>=�B
np=�F:G_P[g:=�UO@�gi=QP�UY;LG_P-XZG_P�t|F\=QP n�S �GHRO@�WOU�BDC 8KUO@�=QP[=�U i-=�BDS^F\=�?#�Z=cG_dY@�WeP�? � �\Bh=QP�@,X�=QP�F\=�Uul
r �GHR\P[=�UKF%F\=�?g:x=�BT@�P3GH8KCq=�?QtyBDU%F\=�C�F:GH? +:=�?A@�;>=*@[@�BDC We;>=QP[=�Uhi-=�BDS\F\=�?��Z=cG_dY@�WeP�?,MOWePA`
R:GHUKF\=�U�XZG_P�tYd_GHC =�?p��8�=�BDU\=QP/��=QP[P�BDU\ae=QP�8KU\a�F\=QP � ]Nn!` I4;K;LGH8KSh=�BD?A@38KU\a:l^��P�?A@�FK8\P�jkR
FKBh=V=QP�X1�GHRKUO@�= + B �\Bh=QP�8KU\a�F\=�?h+:=�?A@�;>=*@[@�=�?�X48\P�F\=�U�X4Bh=�F\=QP � ]Nn!` I4;K;LGH8\aeP3GHF\=V�*X4Bv`
?[jkR\=�U9o & � 8KUKFLW H � =QP[P[=�BDjkRO@cl2+��8\PpFKBh=4I�UOX�=�UKFK8KU\a�F\=�?!;>=�?[jkR\P�Bh=Q;>=�U\=�UV�Z=cG_dY@�WePA`
deWOU\�Q= ,\@�=�?JC�8K?[?�=�UO@3? ,KP[=�jkR\=�UKF�=�BDU 8�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS\MO=QP�X�=�UKF\=*@ZX�=QP�F\=�Uut
F:GH?Z=�BDU\=�F\=�8N@3SDBDjkR�R<�WOR\=QP[=�m�BDjkRO@�=wae=Qae=�U#�8\;>=QPZr�GH?[?�=QPZ;>=�?[BT@��*@cl
m�Bh=%BDC I4;K;LGH8 ,KP[We�Q=�?[?�=�UO@3?A@kGHUKF\=�U\=�Us]N8KS � F\deWOU\�Q=�UO@�P3Gy@3BhWOU\=�U�S�G_ae=�U�BDU�I4;:R<�GHU\aOBha_`
de=�BT@4MOWOU�F\=QP � ]Nn!`/:�8KS�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU��*X4BD?[jkR\=�U H tJI+a�� K ` H t � & a�� K l �$GHjkR�I4;N`
;:BDSDFK8KU\a � l b�=QP[aYG_;b?[BDjkR ;>=�Bp=�BDU\=�C ,F5Z` rs=QP�@1MOWOU ��=�BDU\=�@�W��\BD?[jkR(X4BhP[de=�UKF\=V��WOU^`
�Q=�UO@�P3Gy@3BhWOUVMOWOU!b ��Cqa�� K `p9#o:t & Cqa�� K 8KUKFKBD?[?�We��BDBh=QP�@�=�C ]NjkROX�=Qgi=�STXZGH?[?�=QP�?A@�W.-#l:m$=�U
K BT@�=QP3Gy@38\P3GHU\aYG_;>=�U���8\giWOShae=4;>=QaOBDUKUO@�BDU�FKBh=�?�=�C ��WOU\�Q=�UO@�P3Gy@3BhWOUK?�;>=QP[=�BDjkR�FKBh=$BDUKRKBh;:Bh=�`
P[=�UKF\=�r�BhP[dN8KU\a�F\=�?%]NjkROX�=Qgi=�STXZGH?[?�=QP�?A@�W.-�?�GH8\gZFKBh= f Bhd^P[W^WeP[aYGHUKBD?[Cq=�U } ?QlAi#G_;>=�SDSh=
� l b � l 0�C F\=�U�@�W��\BD?[jkR\=�UV�!BDU�*L8��%F\=QP4]N8KS � F\deWOU\�Q=�UO@�P3Gy@3BhWOU���8V8KUO@�=QP�?[8KjkR\=�UutNX48\P�F\=
F\=QP��`G[\ 
^PRG 
 
^STG[B	��
^Q1S } �Z=cG_dY@�WeP=I%F\=QP$��=QP�?[8KjkRK?�GHUKS�G_ae= ��� > 
h5�BDShgi=1=�BDU\=QP�=��^@�=QPA`U\=�U��h>CQ1E1BF\�STG��2>CS ��]ADCB 
 >CQ @!t^FKBh=$FKBh=w]N8KS � F\deWOU\�Q=�UO@�P3Gy@3BhWOU�BDU�F\=�Cc+:=�?A@�;>=*@[@�P[=cG_dY@�WeP
G_;:?�=�U\dY@�=et<;>=*@�P�Bh=Q;>=�Uul f BT@ 5�BDShgi=qF\=QP+=QP�X1�GHRKUO@�=�U �wGH?�P[=Q��BhP[dN8KS�Gy@3BhWOU } I b K �_Rut �wGH?�`
Sh=Q=QP[P[WOR\P[ae=�?[jkROX4BDUKFKBhaede=�BT@ H t oXo�C#�_R � t-BDU F\=QP�F:GH?1n�BhWeaYGH?�FK8\P�jkR =�BDU\=�U�CEBT@��!BD?�=�U^`
R .\F\P[W��\BDF�ae=Qg3�8KSDST@�=�UVI�FK?�WeP[;>=QPZae=�Sh=�BT@�=*@�8KUKF
F:GH?J]N8KS � FV=�UO@�gi=QP�UO@�X48\P�F\=et\deWOUKUO@�=�FKBh=
]N8KS � F\deWOU\�Q=�UO@�P3Gy@3BhWOU
BDU
F\=�C �Z=cG_dY@�WePZ8KC j�G\lFW H�� ae=�?�=�U\dY@ZX�=QP�F\=�Uul:m�Bh=w�!UKF\deWOU^`
�Q=�UO@�P3Gy@3BhWOU�F\=�?�8KUKFKBD?[?�We��BDBh=QP�@�=�U
]NjkROX�=Qgi=�STXZGH?[?�=QP�?A@�W.-�?pS�G_a+X1�GHR\P[=�UKF�F\=�?pI4;K;LGH8NMO=QPA`
?[8KjkR\=�?/;>=�BLj�G\l1Ic9wCqa�� K lXi-P[WH@��4F\=QP���=QP[P�BDU\ae=QP�8KU\a1F\=QP�]N8KS � F\deWOU\�Q=�UO@�P3Gy@3BhWOU%deWOUKUO@�=
de=�BDU\=���=QP[;>=�?[?�=QP�8KU\a�F\=�?�I4;K;LGH8NMO=QP�R:GHST@�=�UK?Vgi=�?A@�ae=�?A@�=�SDST@VX�=QP�F\=�Uul7:�8KC ��=QP[aOSh=�BDjkR
MO=QP�?[jkRKBh=�F\=�U\=QP��Z=cG_dY@�WeP[deWOU\�Q= ,\@�=�X48\P�F\=�U X48\P�F\=�U�n�Gy@3jkROMO=QP�?[8KjkR\=�FK8\P�jkR\ae=Qg3�8KR\P�@cl
m�8\P�jkRsFKBh=�BDU\giWOShae=EF\=QP �wGH?�P[=Q��BhP[dN8KS�Gy@3BhWOU } ;>=QWe;LGHjkRO@�=*@�=EI�8\g	?A@3Bh=QaO?�ae=�?[jkROX4BDUKFKBhaede=�Bv`@�=�UbF\=QP �wGH?�;:S�GH?�=�Ubj�G\l � jQC#�_? � GH8\g @�P[=*@�=�UKF\=
R\WOR\=
Cq=�jkR:GHUKBD?[jkR\=Vnp=�S�GH?A@38KU\a�MO=QPA`
?[jkRKSh=�jkRO@�=QP�@�=w?[BDjkR
F:GH?�I4;K;LGH8NMO=QP�R:GHST@�=�UVBDC���=QP[aOSh=�BDjkRV��8
F\=�C U\WeP�C�GHSL;>=*@�P�Bh=Q;>=�U\=�U
+:=�?A@�;>=*@[@�P[=cG_dY@�WeP�l���WeP�GHSDSh=�C g3�8\P+rs=QP�@�=EMOWOU � � �|@��8\;>=QPkb & a�� K F(X�=�BDjkRO@1F\=QP+��=QPA`
S�GH8\g$F\=�?�I4;K;LGH8NMO=QP�R:GHST@�=�UK?%MOWOU�F\=�C 8KU\ae=�?A@y�WeP�@�=�U�np=*@�P�Bh=Q;fG_;�l���P�?A@�BDC np=QP[=�BDjkR

IXI �



����� ���	��� ��������� �
� � � � ����� �������%
���������� �����/��� � 
���� �
���

ae=QP�BDU\ae=QP[=QP�rs=QP�@�=Zg3�8\P � � �|@!giWOShaH@!F\=QP!�Z=cG_dY@�WeP!CEBT@/]N8KS � FK?A@�P�B , ,:8KU\a�F\=�C ;>=Qd_GHUKUO@�=�U
I4;K;LGH8NMO=QP�R:GHST@�=�Us8KUKF(=QP[P[=�BDjkRO@+=�BDU\=�U(C�G��\BDC�GHSh=�U � ]Nn!` I4;K;LGH8\aeP3GHF�MOWOU �H9 � } ?QlI4;K;:BDSDFK8KU\a & l o � � lmwG�BDU F\=�C 8KUO@�=QP�?[8KjkRO@�=�U�����PAS#>��ASTG[B	��
^Q1S(U^8\P�I�� � F\=�?
�Z=cG_dY@�WeP�MOWOSD8KCq=�UK?�GHSD?+:=�?A@�;>=*@[@ } j�G\l6U K � MOWeP�R:GHUKF\=�U�BD?A@ct!�8\;>=QP[P3GH?[jkRO@�FKBh=�ae=Qae=�U#�8\;>=QP�F\=�C +:=�?A@�;>=*@[@�P[=cG_dO`
@�WeP�ae=QP�BDU\ae=QP[=�I4;K;LGH8KSh=�BD?A@38KU\a�UKBDjkRO@ } n�Gy@3jkROMO=QP�?[8KjkR�`w?Ql,I4;K;:BDSDFK8KU\a & l o � � l)0�UO@�=QPF\=QPZI�UKU:GHRKCq=etNF:G��%F\=QP 57.N;KP�BDF\P[=cG_dY@�WeP�GH8\giaeP�8KUKF
?�=�BDU\=�?�8KC I�� � ae=QP�BDU\ae=QP[=�U +:=�?A@�`;>=*@[@[MOWOSD8KCq=�UK?4GH8KjkR�U^8\P I�� � F\=QP�I4;K;LGH8KSh=�BD?A@38KU\aE=QP[P[=�BDjkRO@�8KUKF�;>=�B-R<�WOR\=QP[=�C3+:=�?A@�`
;>=*@[@[MOWOSD8KCq=�U�R<�WOR\=QP[= � ]Nn!` np=�S�GH?A@38KU\ae=�Uf8KUKF�=�UO@3? ,KP[=�jkR\=�UKF R<�WOR\=QP[=�]N8\;:?A@�P3Gy@kG_;N`
;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@�=�U C��WeaOSDBDjkR�?[BDUKFut X48\P�F\=�FKBh=�]N8\;:?A@�P3Gy@kG_;K;LGH8\ae=�?[jkROX4BDUKFKBhaede=�BT@
GH8\gp=�BDU +:=�?A@�;>=*@[@[MOWOSD8KCq=�U�MOWOU I HXH � ;>=QP[=�jkRKU\=*@ } ?QluI4;K;:BDSDFK8KU\a & l o[b � l�I�8\giaeP�8KUKF

0

10

20

30

40

50

60

70

80

0 50 100 150 200

c0 /t [gCSB/Ld]

r S
 in

t  
[g

C
S

B
/L

d]

Abbauverhalten Festbettreaktor
Abbauverhalten Hybridreaktor
reale Messpunkte Hybridreaktor
 korrigierte Messpunkte Hybridreaktor (Faktor 3)

Batchversuch
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Hybridreaktor c0 = 24,8 gCSB/L
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UKBh=�F\P�Bhae= � �Z` rs=QP�@1CEBT@���BDShgi=EF\=QP �!8�3x=QP�8KU\a�F\=�?�I4;YXZGH?[?�=QP�? } � � � � GH8\giae=�R\We;>=�Uul
I�UK?[jkRKSDBh= Ve=�UKF�=QP[giWOShaH@�=�=�BDU\=�=QP�U\=�8N@�= ��4;>=QP�BDC��Kg	8KU\a F\=�?��Z=cG_dY@�WeP�?�CEBT@E=�BDU\=QP�GH8K?
F\=QP���=QP�?[8KjkRK?�GHUKS�G_ae=�ae=*X�WOUKU\=�U\=�U�I�U\P[=�BDjkR\=QP�8KU\aO?�dN8KST@38\PZCq=*@3R:GHU\Weae=�U\=QP�n�G_dY@�=QP�Bh=�U
} � �  �\sC^Y � l ;�UfF\=�C giWOShae=�UKF\=�U��*X�=�BTX1�WOjkRKBhae=�U �x=�BT@�P3GH8KC X48\P�F\=�F:GH?�I4;YXZGH?�`
?�=QP�X�=�BT@�=QP�RKBDU�GH8\g!=�BDU\=�U � �Z` rs=QP�@�MOWOU ��ae= �:8�3x=QP�@cl�;�U�F\=QP�F:G_P3GH8\g�giWOShae=�UKF\=�U�np=�`
@�P�Bh=Q;:?��Q=�BT@ctOBDU%F\=QP!de=�BDU\=�� �Z` �!8�3x=QP�8KU\a+=QP[giWOShaH@�=etH?A@kG_;:BDSDBD?[Bh=QP�@�=Z?[BDjkRqF\=QP � �Z` rs=QP�@!;>=�B
=�BDU\=�C rs=QP�@�MOWOU �E` �Nt! Nl�m�Bh=qI4;:S�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU\=�U�F\=QP 8:=*@[@3?c�GH8\P[=�Uutu;>=�?�WOUKF\=QP�?
FKBh=�F\=QPE�!?[?[BhaO?c�GH8\P[=�8KUKF�F\=QPEU^` n�8N@[@�=QP�?c�GH8\P[=et�deWOUKUO@�=�U�FK8\P�jkR�FKBh=
We;>=�U�;>=�?[jkR\P�Bh=�`
;>=�U\=W<�G�VOU:GHRKCq=wF\=�8N@3SDBDjkR�P[=�FK8\��Bh=QP�@JX�=QP�F\=�Uul:I4;K;:BDSDFK8KU\a  Nl�
  ��Q=�BhaH@�FKBh=�r�BhP[dN8KU\a
F\=QP�<�G�VOU:GHRKCq=+GH8\g�F:GH?�] �>=QdY@�P�8KC F\=QP=8:=*@[@3?c�GH8\P[=QdeWOU\�Q=�UO@�P3Gy@3BhWOU
g3�8\P�F\=�U��Z=cG_dY@�WeP
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vor Animpfung
6 Wochen nach Animpfung

Laboranlage Reaktor 1 - 
geschäumte Keramik

τ = 36 h
cS ein = 20 gCSB/L

I4;K;:BDSDFK8KU\a  Nl�
  ���8:=*@[@3?c�GH8\P[=�? �>=QdY@�P�8KC MOWeP�8KUKF%U:GHjkR�F\=�C ] � �8KSh=�U%F\=�?��Z=cG_dY@�WeP�?�CEBT@
MO=QP�F#�8KUKUO@�=�C I4;YXZGH?[?�=QP�?�W|X4Bh=$F\=QPZGHUK?[jkRKSDBh= Ve=�UKF\=�U ��4;>=QP�BDC��Kg	8KU\a�CEBT@E<�=*@3R:GHUY;LG_dO`
@�=QP�Bh=�U

CEBT@�ae=�?[jkR<�GH8KC�@�=QP���=QP3GHCEBhdxlNm�Bh=wR\WOR\=w�!?[?[BhaO?c�GH8\P[=QdeWOU\�Q=�UO@�P3Gy@3BhWOU�MOWOUV;:BD?���8 
%a�X�Y
} MOWeP�F\=�U ��UO@�=QP�?[8KjkR^8KU\ae=�U � deWOUKUO@�=$FK8\P�jkRVFKBh=�?�= <�G�VOU:GHRKCq=ZMOWOSDSD?A@y�GHUKFKBha+P[=�FK8\��Bh=QP�@
X�=QP�F\=�Uul,m$=�?�X�=�BT@�=QP[=�U�X48\P�F\=�FKBh=�n�8N@[@�=QP�?c�GH8\P[=EMOWOSDSD?A@y�GHUKFKBha�G_;Kae=Q;LGH8N@cl-m�Bh=�I4dY@3Bv`
M\BT@y�Gy@+F\=QP+Cq=*@3R:GHU\Weae=�U\=�U �#W%�:8KS�Gy@3BhWOU�XZG_P�U:GHjkR(F\=QP ��4;>=QP�BDC��Kg	8KU\a�?�W|X�WORKS FK8\P�jkR
n�BhWeaYGH?[Cq=�?[?[8KU\ae=�U } I�UK?A@3Bh=Qa�F\=�?wn�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOCq=�? � GHSD?wGH8KjkR�FK8\P�jkR�CEBhd^P[W_`;:BhWOShWeaOBD?[jkR\= ��UO@�=QP�?[8KjkR^8KU\ae=�U } BDU^` ?[BT@38 � 5N;KP�BDFKBD?[Bh=QP�8KU\a � U:GHjkROX�=�BD?�;LG_P�l�m$=QP � ]Nn!`
I4;K;LGH8\aeP3GHF ?A@3Bh=Qa�MOWOU U:GHR\=Q��8`\�� MOWeP�F\=QP ��4;>=QP�BDC��Kg	8KU\a�GH8\gZj�G\l� �\�� F:GHU:GHjkR
GHUul�;�U��GHRKUKSDBDjkR\=QP�rs=�BD?�=1MO=QP[;>=�?[?�=QP�@�=q?[BDjkR�F\=QP���8K?A@kGHUKF�F\=QPwCq=*@3R:GHU\Weae=�U\=�U �#W%�:8^`
S�Gy@3BhWOU BDU�F\=�C �Z=cG_dY@�WeP1CEBT@�F\=�C ;�CECqWe;:BDSDBD?[Bh=QP�8KU\aO?[C�Gy@�=QP�B�GHS�]NBhP3GHUul ��Bh=QP1deWOUKUO@�=
FKBh=��!?[?[BhaO?c�GH8\P[=QdeWOU\�Q=�UO@�P3Gy@3BhWOUsMOWOU �8\;>=QP  �a�X�Y�GH8\g48KUO@�=QP $ a�X�Y�G_;Kae=�?�=�U\dY@%X�=QPA`
F\=�Uul ;�U�;>=�BDF\=�U��Z=cG_dY@�WeP[=�U�d_GHC =�?�U:GHjkR�F\=QP ��4;>=QP�BDC��Kg	8KU\a
��8�=�BDU\=QP�MO=QP�?A@y�G_P[dY@�=�U
I4d^dN8KC�8KS�Gy@3BhWOU�MOWOU ��P[W%�:BhWOUK?c�GH8\P[= } I�UK?A@3Bh=Qa�GH8\g/j�G\l � a�X�Y � l�m�8\P�jkR�FKBh=�;>=�?[jkR\P�Bh=�`;>=�U\= <�G�VOU:GHRKCq=Vd_GHC =�?�GHUK?[jkR\=�BDU\=�UKF���8�=�BDU\=QPq��=QP�?[jkRKBh=Q;:8KU\a F\=QP Y<BDCEBT@3Bh=QP�8KU\a
MOWOC Cq=*@3R:GHU\Weae=�U\=�UERKBDUE��8KC GHj*=*@�Weae=�U\=�UEI4;K;LGH8K?[jkR\P�BT@[@cl>;�CLS4WeP�C�GHShg GHSDSKS�G_ae=�UEFKBh=
��WOU\�Q=�UO@�P3Gy@3BhWOU\=�U�F\=QP ��P[W%�:BhWOUK?c�GH8\P[=wBDU
F\=�C np=QP[=�BDjkR
�*X4BD?[jkR\=�U]\\t! �a�X�Y�` �Nt � a�X�Y�l
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r �GHR\P[=�UKF�F\=�?�X�=�BT@�=QP[=�U��Z=cG_dY@�WeP[;>=*@�P�Bh=Q;>=�?$d_GHC =�?$��8�=�BDU\=QP�BhP[P[=*MO=QP�?[Bh;:Sh=�U(]NjkR<�GHFKBv`
aO8KU\a�F\=QP!ae=�?�GHC�@�=�U%n�G_dY@�=QP�Bh=�U �>W%�:8KS�Gy@3BhWOUute?�W+F:G�V+FKBh=�?�=QP�]\GHjkROMO=QP�R:GHST@/UKBDjkRO@�X�=�BT@�=QP
8KUO@�=QP�?[8KjkRO@JX�=QP�F\=�U
deWOUKUO@�=el
S4=Q;>=�UqF\=QP!8KUO@�=QP�?[8KjkRO@�=�U%Cq=*@3R:GHU\Weae=�U\=�U �#W%�:8KS�Gy@3BhWOU1S�GH?[?�=�U%?[BDjkR1X�=�BT@�=QP[= "$P�8 � �>=�U
�el n$lLFKBh=+F\=QP$]N8KShg Gy@�P[=�FK8\��Bh=QP[=QPJ;>=�?A@3BDCECq=�Uul\m�Bh=�GHU\ae=Qae=Q;>=�U\= < �WeaOSDBDjkR\de=�BT@ZF\=�?4�!BDU^`
?�Gy@��Q=�?�F\=QP�"$=�UK?�WOUKF\=�U���8\P_8:=�?A@3?A@�=�SDSD8KU\a�F\=�?1�Z=cG_dY@�WeP�?A@kGy@38K?�S �GH?[?A@%?[BDjkR�CEBT@ ��BDShgi=
CEBhd^P[WO?�deW%�:BD?[jkR\=QP���UO@�=QP�?[8KjkR^8KU\ae=�U�F\=QP�n�G_dY@�=QP�Bh=�U�X�=�BT@�=QP$MO=QP[gi=�BDU\=QP�Uul�m�Bh=�?$=QP[giWOShaH@
FK8\P�jkRV=�BDU\=�CEBhd^P[We;:BhWOShWeaOBD?[jkR\=4I4;:?[jkR<�Gy@���8KU\a%F\=QP �-=�BDSD8KU\aO?[?A@kGHFKBh=�U�=�BDU\�Q=�SDU\=QP�n�G_dY@�=�`
P�Bh=�U\aeP�8 � �>=�Uul

?��A@0B���� � MED � R9H ����� ��M=N � �=R	� JAKLJ D�J�� R	��M=N ��� R	
 F���D � R9J��0M��UQ
� ���
� FGD�J*Q M

np=�B�F\=QP ��UO@�=QP�?[8KjkR^8KU\a1MOWOU Y<BDCEBT@3Bh=QP�8KU\ae=�UutYFKBh=�GH8\g<FKBh=$n�G_dY@�=QP�Bh=�U �>W%�:8KS�Gy@3BhWOUqX4BhPA`
de=�Uut^?[BDUKF�FKBh=�8Z�GHSDSh=Z��=QP�?[jkRKSh=�jkRO@�=QP�8KU\a18KUKFE��=QP[;>=�?[?�=QP�8KU\a%F\=QPEY�=Q;>=�UK?�;>=�FKBDU\aO8KU\ae=�U
g3�8\P1FKBh=�n�G_dY@�=QP�Bh=�U(��8 8KUO@�=QP�?[jkR\=�BDF\=�UulG<�BT@ ��BDShgi=�F\=QP:6$SDBhaeWOU^8\dNSh=QWH@3BDFK?�WOUKF\=�U�d_GHUKU
;>=�B/=�BDU\=�C ?[jkRKU\=�SDSh=�U ;�U\giWeP�C�Gy@3BhWOUK?�;>=�F:G_P[g�U^8\P�F\=QP_8>GHSDS!F\=QP���=QP[;>=�?[?�=QP�8KU\a(8KUO@�=QPA`
?[8KjkRO@wX�=QP�F\=�Uul�m$=QP "$P�8KUKF�SDBh=QaH@�BDU�F\=QP���W%� �:SD8KU\a�F\=QPW6$SDBhaeWOU^8\dNSh=QWH@3BDFK?�WOUKF\=�U�GHU
FKBh=�P�� S�]xtHFKBh=�;>=�BN=�BDU\=QP ��=QP�?[jkRKSh=�jkRO@�=QP�8KU\a�F\=QP�np=�FKBDU\aO8KU\a
�8\;>=QP�=�BDU\=�U�;>=�?A@3BDCEC�@�=�U
�x=�BT@�P3GH8KC X�=�BT@�=QP�=QP�R:GHST@�=�U�;:Sh=�Bh;\@ } ?Ql���G���l  Nl $ \\l � � l
8 BDUKF\=*@�F:G_ae=Qae=�U�=�BDU\=���=QP[;>=�?�`?�=QP�8KU\a�F\=QP%np=�FKBDU\aO8KU\ae=�Ub?A@kGy@[@ct-=QP[giWOShaH@�FKBh=
n�BDSDFK8KU\a�F\=QP�P�� S�]�GHU:GHShWea���8�=�BDU\=QP
��=QP[;>=�?[?�=QP�8KU\aVF\=�?ZI4;K;LGH8NMO=QP�R:GHST@�=�UK?Ql
np=�BD? �:Bh=�Sh=�g3�8\P1F:GH?�I�8\g	R\=Q;>=�U MOWOU Y<BDCEBT@3Bh=QP�8KU\ae=�U�X48\P�F\=�U�BDU ��G���l  Nl & 8KUKF���G���l
 Nl $ \\l $ ;>=�?[jkR\P�Bh=Q;>=�Uul ;�C np=�BD? �:Bh=�S�GH8K?���G���l
 Nl & X48\P�F\=�X1�GHR\P[=�UKFbF\=�?�I�U\g GHR\P�MOWePA`
aYGHU\aO?%=�BDU\=�?�=�R\PE?[jkROXZGHjkR\=�I4dY@3BTM\BT@y�Gy@qF\=QPEn�G_dY@�=QP�Bh=�U �>W%�:8KS�Gy@3BhWOU�gi=�?A@�ae=�?A@�=�SDST@cl�I�SD?
"$P�8KUKF
X48\P�F\=�=�BDU\=�]N8\;:?A@�P3Gy@3SDBDCEBT@3Bh=QP�8KU\a1WNF\=QPJ=�BDU\=��4=�CEC�8KU\a1MO=QP�C�8N@�=*@cl ��8\P�]Y@3Bv`
C�8KSDBh=QP�8KU\a�F\=QP�]Y@�W�3>X�=�jkRK?�=�S�G_dY@3BTM\BT@y�Gy@�X48\P�F\=et#X4Bh=�BDU���G���l� Nl & GHU\ae=Qae=Q;>=�Uut��8\;>=QP
=�BDU\=�U �x=�BT@�P3GH8KC MOWOU $'& R�Sh=�BDjkRO@�G_;K;LGH8\;LG_P[=�?�I4;YXZGH?[?�=QP } "�SD8Kj*WO?�=et Y-GHj�@kGy@ctx��@3R:G|`U\WOS � ��8\ae=Qg3�8N@[@�=QP�@cl0;�UKU\=QP�R:GHSh;sMOWOU $ Z RsdeWOUKUO@�=E=�BDU\=��Z=cG_dY@3BhWOU F\=QP1n�G_dY@�=QP�Bh=�U GH8\gFKBh=�?�=���=QP|�GHUKF\=QP�8KU\ae=�U�gi=�?A@�ae=�?A@�=�SDST@#X�=QP�F\=�UulHI4;K;:BDSDFK8KU\a� Nl�
 Z �Q=�BhaH@
� 5N;KP�BDFKBD?[Bh=QP�8KU\aO?�`
=QP[ae=Q;:UKBD?[?�=EMOWeP�8KUKF $ Z RsU:GHjkR F\=QP ��8\g3�8N@[@�=QP�8KU\a�F\=�?�Sh=�BDjkRO@1G_;K;LGH8\;LG_P[=�UsI4;YXZGH?�`
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I4;K;:BDSDFK8KU\a  Nl�
 Z �K��=QP[aOSh=�BDjkR�F\=QP�� 5N;KP�BDFKBD?[Bh=QP�8KU\aO?[?[BhaOU:GHSh=wMOWeP } I � 8KUKF $ Z ]Y@38KUKF\=�UU:GHjkRVF\=QPZ]N8\;:?A@�P3Gy@3?[8 � �:Sh=�Cq=�UO@3Bh=QP�8KU\a } n � } aOSh=�BDjkR\=�np=�SDBDjkRO@38KU\aO?��Q=�BT@p;>=�BDF\=QP�n�BDSDF\=QP �

?�=QP�?Qlxm$=�8N@3SDBDjkR
X�=QP�F\=�U�FKBh= ��UO@�=QP�?[jkRKBh=�F\=1F\=QP�� 5N;KP�BDFKBD?[Bh=QP�8KU\aO?[?[BhaOU:GHSh=+;>=�BDF\=QP���P[W_`
;>=�Uul���WeP���8\g3�8N@[@�=QP�8KU\a } n�BDSDFN@�=�BDS I � �Q=�BhaH@�=�U(U^8\PwX�=�UKBhae=En�G_dY@�=QP�Bh=�U�=�BDU(aO8N@�=�?�]NBv`aOU:GHS�t�X1�GHR\P[=�UKF�F\=QPs�8\;>=QP�X4Bh=Qae=�UKF\= �-=�BDSJF\=QP �x=�SDSh=�U�?[jkROXZGHjkR��L8\WeP[=�?���Bh=QP�@�=el S$GHjkR
F\=QP ��8\g3�8N@[@�=QP�8KU\a
MO=QP�?A@y�G_P[dY@�=%?[BDjkR�F:GH? 8 SD8\WeP[=�?��Q=�U\��?[BhaOU:GHS F\=QP�n�G_dY@�=QP�Bh=�U�F\=�8N@3SDBDjkRul
mwG_PH�8\;>=QP4RKBDU:GH8K?�deWOUKUO@�=�UVX�=�?�=�UO@3SDBDjkR
Cq=�R\PJG_dY@3BTMO=wn�G_dY@�=QP�Bh=�U
gi=�?A@�ae=�?A@�=�SDST@�X�=QP�F\=�Uul
m�Bh=�?�=+I�U\�Q=�BDjkR\=�U�SDBh= Ve=�U�GH8\g,=�BDU\=�R<�WOR\=QP[=��:R>5\?[BhWOShWeaOBD?[jkR\=wI4dY@3BTM\BT@y�Gy@Z?[jkRKSDBh= Ve=�Uul
;�C MOWeP�SDBh=Qae=�UKF\=�U 8>GHSDS =QP[;KP3GHjkRO@�= FKBh=o]N8 � �:Sh=�Cq=�UO@3Bh=QP�8KU\a Sh=�BDjkRO@ G_;K;LGH8\;LG_P[=QP
]N8\;:?A@kGHU\�Q=�U =�BDU\= I4dY@3BTM\Bh=QP�8KU\a�F\=QPfn�G_dY@�=QP�Bh=�U �>W%�:8KS�Gy@3BhWOUutEFKBh= ?[BDjkR FK8\P�jkR FKBh=
��P�R<�WOR^8KU\a F\=QP � ]Nn!` ��8KS�GH8\gideWOU\�Q=�UO@�P3Gy@3BhWOU�BDC GHUK?[jkRKSDBh= Ve=�UKF\=�U np=*@�P�Bh=Q;:?��Q=�BT@�P3GH8KC
X�=�BT@�=QP�MO=QP�?A@y�G_P[de=�U
SDBh= V } ?QlK��G���l  Nl & � l

?��A@0B���� � Q MED�R�Q � � K��Q�N � J ����� �0J D �0M ���F �=R��0M�� ���0H � M��
F �=R�� Q�R �
N F M=N H ��M�� JAK H �
	 ���0MED�J�� � � �0M O �0F���D�Q�R�I � D�R9J�� I

mwG�FKBh=4CEBhd^P[We;:BhWOShWeaOBD?[jkR\=�U ��UO@�=QP�?[8KjkR^8KU\ae=�UqMOWePpGHSDSh=�C ;>=�BK��=QP|�GHUKF\=QP�8KU\ae=�U�BDC np=�`
@�P�Bh=Q;�F\=QPJI�UKS�G_ae=�U�FK8\P�jkR\ae=Qg3�8KR\P�@JX48\P�F\=�UutL?�WOSDST@�=�U�X1�GHR\P[=�UKF�F\=�?���=QP[aOSh=�BDjkRK?J8KUO@�=QPA`
?[jkRKBh=�FKSDBDjkR\=QPqI�U\g GHR\P[deWOU\�Q= �\@�= } ?Ql ��G���l  Nl & l $ � FKBh=
CEBhd^P[We;:BhWOShWeaOBD?[jkR\=�U ��G_P3GHCq=*@�=QPdeWOUO@3BDU^8KBh=QP�SDBDjkR�=QP[g GH?[?A@qX�=QP�F\=�Uul�m�Bh=�np=Q�Q=�BDjkRKU^8KU\asF\=QP��Z=cG_dY@�WeP[=�U =QP[giWOShaH@EBDU�FKBh=�`
?�=�Co��G��:BT@�=�S/GHU:GHShWea���8 F\=QP�BDU ��G���l� Nl & l $ l ;�U F\=�U ��UO@�=QP�?[8KjkR^8KU\ae=�Us�Q=�BhaH@�=�?[BDjkRut
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hybridisierbare EUB

Biogasvolumenstrom

I4;K;:BDSDFK8KU\a  Nl�
 & �L��=QP[aOSh=�BDjkR�F\=QP�GH8\g/F\=�U%<�G 	\BDC�GHSTX�=QP�@4;>=Q�QWeae=�U\=�U�R>5N;KP�BDFKBD?[Bh=QP[;LG|`
P[=�Ub����n n�G_dY@�=QP�Bh=�U�8KUKFbF\=�?�n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOCE?wU:GHjkRbF\=�C I4;:?[jkR:GHST@�=�U�F\=QP
]N8\;:?A@�P3Gy@���8\g	8KR\P
?[BDjkR+=�BDU\=/F\=�8N@3SDBDjkR�=�U\ae=QP[=!��=QP[dNU#�8 �Kg	8KU\a��*X4BD?[jkR\=�U+F\=QP#I�U\�cGHRKSYF\=QP#R>5N;KP�BDFKBD?[Bh=QP[;LG_P[=�U
n�G_dY@�=QP�Bh=�U�8KUKF�F\=�C n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOC�lLm�Bh=%GH8\g/F\=�U <�G 	\BDC�GHSTX�=QP�@4;>=Q�QWeae=�U\=
I�U\�cGHRKS �:R>5\?[BhWOShWeaOBD?[jkR�G_dY@3BTMO=QP=6�P[aYGHUKBD?[Cq=�U
=QP[P[=�BDjkRO@Jg GH?A@ �LG_P3GHSDSh=�S���8KC ;>=Q�QWeae=�U\=�U
n�BhWeaYGH?AMOWOSD8KCq=�UK?A@�P[WOC F\=�U
�!UKFNX�=QP�@clNm�Bh=�;>=�?[?�=QP[=wI�UOX�=�UKF\;LG_P[de=�BT@�F\=QP "$=�UK?�WOUKF\=�U
SDBh=QaH@�BDU�FKBh=�?�=�C 8>GHSDS,GHU�F\=QP$;>=�?[jkR\P�Bh=Q;>=�U\=�U���W%� �:SD8KU\aV�*X4BD?[jkR\=�U�F\=QP�n�BDSDFK8KU\aVF\=QP

$ � Z



������� �����
	��
��������� ������������������������� ��!"� �$#
�������
�%	E�& ��'(�
�������
#J�)� & ��!*�+'+,��+!-'.����,��
#

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 2 4 6 8 10 12 14

t [d]

B
io

ga
sv

ol
um

en
st

ro
m

 b
ez

og
en

 a
uf

 
de

n 
M

ax
im

al
w

er
t

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

hy
br

id
is

ie
rb

ar
e 

E
U

B
 

be
zo

ge
n 

au
f d

en
 M

ax
im

al
w

er
t

Biogasvolumenstrom
hybridisierbare Bakterienanzahl EUB
Polynomisch (Biogasvolumenstrom)
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