
� � � � � � ���
	 � � � � �
	 
�� � � � � ��	 � ��� � � � ��� ��� 	 � � � � ��� � 	 � � � � � � � � 	 � � � � � ��� �
��� � �  ! " #%$& " '(!*)+ ,-$.#/$&0 $ 1 " '324#5 6 7�1 0  8 " ,9�  ,:$;� 2<$ =->0 ' � $;" '?#@� 2%=BA 'C,ED � 0  F 0  8 !;G '�>0 =H0  F

IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJI IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI IJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJIJI�IJIJI�IJI�IJIJI�IJIJI�IJI
K L M�N O MPN K Q N N M;R SUT Q T V V WXR OZY

[ \ ]�^`_ ab[ c dfeg\?^ ]h^ji ab^`_5dfek\?^l_ mndo^qpsrt_vuw\?^`\xiBy`^`e{zlI?^`_5_Uek\x|Pi a m~}.}J� �v��� ef_@] �Huw\ ]�^`_ a ��\H]�^Ci��J\�i�r��Jd�r ����h_ c ��r�^s�_5e��Jd���u:_�i�zlIJ�J\�| ��\H] ��yl_�������J\�| ��ab[ c � ek\ ��u;u~yq^`_���r(e�u~\ � e�r ]h^`_
[ ��r�^`ekdg��\x| }��-� ]�^Ci   �JIJ\C¡¢c ^`e�r£\x^`_¤¡n�¥\xi�rte�r£��r¦iab^`_5dfek\ ��  c �g� ^`ek\?^ c ekp§_vuH¡E};¨:\Hz`Ih_vu`rt_vuw\�r�uw� uP|w_��JyJIhe�^��J\�d©�x|P^ �`^Br(_5e�^`�q^q\;ª¬«Z^q�q^`\ ]h^`_ m­e®|h^`\��¯uJ_�i�z`I��J\�| �q^le{]�^l_�¥\xi�rte�r£��r�^ � ^`_@]h^q\ c ^ji�iB�J\�|h^q\ ����h_ ° e®i+i�^`\xi�zlI§���vr£d®^`_ �J��i �¥\?].�xi�r(_5e�^�± �luJ_�i�zlIJ�J\�|�i+²B^q\�r(_�^q\ �J\H] ³ \�e´�3^l_�iµe�rC���r�^q\].��_@zlIx|h^B����JIh_/r ��\H] �q^Brt_v^q�¶rCª
· ¸º¹U»½¼n¾%¿À¼ ÁÂ¼;Ã Ä
ÅÇÆ&ÈnÉÂ¹Ê¸n»�¹Ê¸ Æ*Ã ËÌ¼�Ëb¼nÆ ÍÎÂÏ ¼Ð¹É.¼Ð¹�ÑÇÍ¸ Ò Ò ¿Ó¾fÈnÉ.¼Ð¹ Ô Í¸ Æw»½ËÌ¼ÐÆ.Ã½»�¹¦ÕÂÉÇ¿ Î Æ*Ë Ö
× Ø e�^ i+^qI�_ I?uwIx^ �¥\¶r�^q\�iµe�r ��¶r dfe®^C�¯^`_Ór _����xi�zlI§�l_5� ^ a¬ekd��]�^l_ �`^`eÙ_v^`d©��rte´� p§��_�²C^l_ c ^ji+i�²C^`e�rBª× Ø e�^ c �uP|wdfe{z`I�pt^`e�rµ±�]�^`\ };r(_���IJdÐ²§� � uw\xu�z`Ih_vuw� ��r(e´�iµe�^l_v^q\-±?^`_5d©�J�J�¶rº^Ci½±H]Úe®^ m­d®^q� ^q\�r�²§�xi���� � ^q\�i�^Br�²§�J\x|]�^l_ ÛÇ_+���Ünek\x|h^ _¦����J� dÝe{z`I �J����|h^qd¤�uqi�r ²§� �`^ji�rtek� � ^q\�ª× Ø e�^ Ø ��_@zlIxi�r���IJdg��\x|�i+^q\?^l_�|we�^ ps�J\�\ �l�l_5ege®^`_/rÐ� ^`_@]h^q\�ªØ e�^ji ^`_X� �uP|Údfe�z`I�rµ±ßÞ ��àá^qp£r�^ � e�r i�^qIh_ ��\�r�^`_%i�z`Ihe�^¶]q�dfe{zlI?^q\ [ ��i�u:_5y�r(e�u~\xiBp�u;^Câ ²§e�^`\�r�^`\ ²l� �J\¶r�^`_%iB�Hz`Ix^q\�ª

T L K SãV L T R M-R T O T M
× Ø uwy�yq^`dg� ��d´r(ekd©�£¨¶^`_Ó�tc u~\?u;zlI�_vu~� �¶r�uJ_ � e�rBä
å æjçhè ° é`}ne´�¦}~z`I�e{zlI�r�^`\ �X] ê ëw±Ýì \J� �å ^`eg\?^`_ mn\x^`_�|we®^��J��Üº�uPiµ�J\x| �3u~\ í î ïhî ð ñBòhó~ô× Û�I?ulr�uw\x^q\�ÜÐ�xi+i�]Úe{z`I¶r�^�ä~��e®i ²l� æ¶è-õ ô Û�Ixu`r�u~\?^q\`é-� � ô�é?i× ö �uw\¶r�|h^`\?^q\x^`_�|~e�^q\�ä~÷ p�^µø � ÷ è pt^sø× _¦��J��� dfe{zlI?^ [ ��ÜÇ�uPiB��\x|ÙäÚ�Úª ç ù � �x²(� ªÚúÚª è ù �× ûZû Ø �t�Z�J� ^`_���äwë èlü ìÂý ë èlü ì ÛÇeÿþl^`d× � �Cþ;ek� �Jd®^ Ûº_vu~�q^q\?]Úek� ^q\xise�uw\x^q\ �á�J��I9��J\�|we®| �3uw\ ]h^`_[ ��ÜÇ�uPiB��\x|��sä
å ú � � � �x^`_�i�z`IJ\he�r�r �q^`e9�Úª ç ù � [ ��Üº�uPiµ�J\x|å æBü � � � �?^`_%i�z`I�\�e�r�r �q^leEúÚª è ù � [ ��Üº�uqiB�J\�|

T V V�� T M R M�T K
� uw� uP|w_���yJIhe®i�z`Ix^ ø ^`_%� ��I�_v^`\ ^l_Xd©�J���q^q\ ]Úe�^ ²C^l_�i�r¶�uE_X�J\�|�i��á_�^`e�^ ]Ú_v^le{]Úek� ^q\xise�uw\3�Jd®^ [ �J�hekd�]Ú�J\x| ]�^`_ c �xi+i�^`\¶�3^l_/r�^lekdg�J\�| _v^��Jd®^l_Þ ��àá^`psr�^�ª Ø e®^ ö �u~\�r�|�^q\�r�uw� uP|w_��JyJIhe�^ �`^`_X��I�r ]:�J�q^le�� e�^ ]we�^ Ix^`_XpJ�u~� � dfe{zlI?^ ö �H]we�uP|w_��JyJIhe�^ �����b]h^`_ Ø ��_vz`Ixi�r(_��JI�dg�J\�| ]Úe®^ji�^l_Þ ��àá^`psr�^ �J\H] ]�^`� Ø ^Br�^`psr(e®^`_v^q\ ]�^l_Â|h^Ci�z`I½� ��HzlI�r�^`\ };r(_��JI�dg�J\�|ÙªÐ� � ³ \�r�^`_�i�zlI�e�^¶] ²l�h_ ö �H]Úe�uq|w_���yJI�e®^ � ^`_@]�^`\ Ihe�^`_X�`^`eP�Je�^qd®^m ek\x²C^`dg��ekd®]�^`_ �J\¶r�^`_ �3^`_�i�z`I�e®^¶]�^`\?^q\ ab^µr(_��HzlI�r£��\x|�i¦� ek\�pt^qdg\ �J����|h^`\?uw� � ^`\�ª Ø �x²§� � eg_@] ]Úe�^ Ûº_�uw�q^ ek� }�rt_��JI�d¬ek\ pld®^lek\?^q\}~z`I�_Ue�r�r�^q\ _vulr(e�^`_ÓrCª9[ �xi ]�^`_bø e�^`do²¶�JI�d�]h^`_Çi+u ^q\¶r�i�r�^qI?^`\H]�^`\ ÛÇ_vutàá^`psr(e�u~\?^q\ pJ�u~\J\?^`\ Ixu:_5e®²Buw\�r+�Jd®^ }wz`I�\�e�r�r�^q�q^`\?^q\ ].�h_@z`I ]-�xiÞ ��àá^`psr ��\H] ]-�l_��J�xi ]-�xi �3u~dgdoi�rj���\H]we®|h^ ]Ú_v^`e�]Úek� ^q\xise�uw\3�Jd®^ a¬ekd�] _v^qp�uw\xi�r(_X�he�^`_/r � ^l_@]�^q\;ª

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

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

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


�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
Probe

monochromatische
Röntgenstrahlung

PCCCD

schirm
Fluoreszenz−
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I JLK+M9NONQP+R�S=M9T9U
V�W*XZY\[^]_Y&XO`aY&bdcfeL[hg bfi j cfelk
i bd[mbdeLi npo\q_rLeLi sut i i vxw
y{z |\t }@Y�~ ��� � b�Y XZYlo\q�`aY
� Y\b�`�Y �mY�n �
bfc���Y�n ��Y\b�g\`
��b�Y ��W*X��W�n�Y � Y�`�rLc�cfi r^`�X�b���w
c�bd[L}�n � e�X��mY �*r+n ��bdc�� bd[lk
]�Y\XO`�b�Y\XO`��   b�Y\X n�bf[�� [LemX
��b�Y V¡W*X5Y�[ n�b¢o\q�`�£�r&X¤�!¥¦[ ��Y&X
� b�`/`�Y �eL£�Y&Xuc§rL����Y�[ £\Y\b¢��Y
��bdc��¡£�Y\X5Y\b¢o\q+Y��

¨ ©«ª­¬¤® ©9T­©{¯ PhR�S°M±T­U PlKhM9²9³ON7³�P�³�J�¬´J0©«®9J�¬ µ J0¬�M±U ³·¶�¸=M°¬�K�³·¶�J0N ³·© I J*K+M±NON¹P+R°S
ºM±T­U J0©
» W¼i W�g�X½r�i i ��Y�n � Y�k
`�r�cfc¾npo\q_rLeLi ]_WLXui r^`aY\XGb¿rLc�n
j c � bÁÀ^Â¡� g sp£�c§rLe\� Ã Â¡�ÄtÆÅ
» bÇ 
È s�XZW&`É� Ã À^ÂLÅ � b�Ê
s�g¼XË�eL[Æw Ì�Â�Í i V«r&XO`�bd}�Y�c�k
g�X��W�Î�YÏ��� � Y\X V­XZW�£\Y�[�Ð¡eÏY\X7k
npo&qL[�b�`¤` bd[�o\cÇ� Ñ c§r+nÒ�ÔÓÆc�bd[Ï��Y\X
o�r�� Õ i i � Ö [�`aY\[ » qÏY\X�i W�k
Y�c�Y\i Y\[�` sËXZW\`×� Y\X�}�Y�[�[L£�r�X/�

ØÙW*XGXZY�c§r^`�b�W�[�Ú � b¹Ê0k�V«r&XO`�bd}�Y�c_Û V�W*XZY\[
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Abstand zur Porenoberfläche

70µm SiC−Partikeldurchmesser

ungeschäumt
flüssig 1
flüssig 2
erstarrt

Ü eL[hgmY�n�o\qÝ�r�eLi `ÞÚ � b�Ê0k@Vßr&Xàk
`�bd}@Y�c g¡c�Y&b¢o\qLi �rLÎ�b�g ]_Y\Xàk
`aY&bdcá` s�}�Y\bd[+Y ØÙW*X�X5Y�c§r�`�b�W�[\�

Ü â �ehnËn�b�gßÚ,ØÙW*X�XZY\c§r�`�b�W�[ �Ô� bãk
npo&qÏY�[ V¡WLXZY�[ eL[Ï� � b�Ê�k
Vßr�XO`�bd}@Y�cf[ n�Y�`ä��` Y&bd[

Ü Y\X·na`�r&XGXO`ÞÚ � b�Ê0k@Vßr&X7`�bd}�Y\c
na`Ër&Xu} }�W*XGXZY�c�b�Y&XO`

å M¼K�KlJ0¬É³�J
æ¦ç�çÏè\é5è ê�ë�é�ìLí�ë�ì�é è\îfçÏè\é
ï±ð�ë/ëaè&é�î�è ñÉò ìmé�ó\ôLõ è�öÒö�è\é
÷ ó\õ ø�ù«ú û�ü í�è�ý þ�ÿ ò î�è � î�è\é
�Æð�é��mèÞöaëaè����áëaè�ç � ì�ð	��é½ðLç^ëaè�ç

 è&î��mè\ç �¡ì�é�ó&ô ö�ìLí 
 è�öËö�î � è�ö
� é½ðLç+ö�
�ð&é5è�ç�ëäö�è�ë 
 è�ç ��è\é
ï�î����¡îdç����*é�õ ð�ë�î���ç+è�ç �¡î�è
� è&é5öpó&ô�î�è��mè�çÏè\ç ï èÞöaë�ðLç����
ëaè&î���è ��è\é ï9ð�ë¤ëaè\éGî�è�ÿ
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� ��õ ����é½ðB
Lô�î¾öpó\ôÏè C ìD�/ç_ðLôLõ è è\îE�
çÏè&é F ðG��çÏè�ö�îdìLõ � � ômîIHJ�K�ML�èN��î�è\é�ìLçG�
ñOC PRQ ÷ þ ô+è\é�� è�öaë�è����áë ðLì+ö Q�ü S�è�T ÿ�U
F ðG�¡ç+è�ö�îdì�õ ø1Q SÙè�T ÿ�U C �fì�õ îdçmîdìLõ
ìLç�� ÷ S�èVT ÿ�U PÙîfçLí ÿ¼ò ðhö � è\îfçLí)W��éuç�îE�
�mè ø �X���XY�ì)�§ð�éZè Z&è�ö�ë[
Lô_ð+ö�è�çhö�í�è���è�ë/ë
ñ\� è���Y\þ ��î�è$��ë è\îdçD�mè�Y\è�ë/ëaè�ë îfç è&îdçÏè\é
öpó&ôLõ è�� 
�] Wì+öËö�î��mè�ç F ð�ë�éGîIH ñ^Y)�§ð�ìÏè\é
ï#è\éZè\î�ó\ô�þ�ÿ=ò è&é Z_�`Wì+öËö�î��_
Lô_ð+ö�è\ç�ðLç^ëaè\î��
è�ç^ë�öa
�é�î¢ó\ô^ë ó^ð�ÿ ÷ übU ñ � ð&é�î§ð)Y�è�� c¤è
ç�ðÏó\ô d
è\é·öaëaè����fìLçD� öaëaè\õ 
\è\é½ð^ëÔì�é�þ�ÿ

ê�ëËð&éOëNefS é ðLì+ö�ëÔìD� è\ç)Y�î���� �mè�ö
� ��õ �*�¼é½ðLõ õ ö

ê�ó\ômé�î�ë/ë ÷ e>Ymîdç�ð�é�î�ö�î�è&éOëaèÞö ìLç��
è�ç�ë�é½ðLìhöpó\ô�ë�è�ö ï
î����

ê�ó&ô�é�î�ë¤ë g_e ù�ì�íJ��îh��î�öpó\ô+è
ò î�öaëËðLç 
 � � é½ð�ç+öi�j�*éuõ ð�ë�î���ç ñÉù#ò � þ ê¼ó\ô�é�îáë/ë kXe{ê�è$�¡õ è�ç�ë�î�è\éuì�çG� �{ì�éZó\ô

l ð+öËöËè\é5öpó&ôÏè\î���è�çm� � é½ð�ç+öi�j�*éuõ ð�ë�î��¼ç n oJpRq2r s tvu
ý �X��ìLõ è�ç�ð�ç�ëaè\î��w�mè�T î�ó&ô^ëaè�ë�è
xßð&é7ë�îdí�è��w��éyW�2z�è�ç � è\é7ëaè\î���ìLçG�
��è�ö �_�w�XYLìB�§ð&éZè\ç Z�è�öaë{
Lô�ðm�
ö�è�çhö�í�è��¾è�ë/ë�ö �mè\é C P>Q ÷ �
� ômîIHJ�X��èN��î�è&éuìLçD� õ î�ë ÷ übU
Z5�`WìhöËö�î��X
Lô�ðhö�è�ç_ðLç�ë�è\î��Áÿ ò î�è
�*ðLìhöËöi�^W��éuõ î��mè ý è&éOëaè\î��fìLçG�
� è\é|��è�ì^ë[��î¢ó\ô^ë ��î�è ôG��õ �*�mèV�
çÏè x é|�2Y�è�çhöaë�éuì�í�ëÔìmé/ÿ 0
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