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� � � � �Y�t�t�r�i�u�m� �O�x�i�d�e�Â´ �e�u�r�o�p�i�u�m�¸ÀÎ· �µµÎÇÃ½ �ÓººÀ �ûº»À �»³Â´ �òÆÇÆ �ðµº½ÃÇ¹·ÌÀë¿ �üÇ¤±¼ÃÎ·­¼ �P�D�P�(�P�l�a�s�m�a� �D�i�s�p�l�a�y� �P�a�n�n�e�l�)�ª³ �F�E�D�(�F�i�e�l�d� �E�m�i�t�t�e�r� �D�i�s�p�l�a�y�)�ë¿ �üÇ¤±¼ÃÎ· �³°ß¹Çµî¾öÁí° �ÖÀ¸Àç¸ �²È­È°¹è° �üÇ¤±¼Ãéµ¡¿ �ñºØÇ �È¾¤ÁÈµ �ê»­È°¹è°Î· �ß¹¤±ÖÈµµ �Ç¶ÑÇ �òÆÇÆ �ðµº½ÃÇ¹·ÌÀë¿¸ÀÎ· �ûÀÕÇÏÇ©¿ �¹¸ºÀ �¬¿¸±¡° �Çµî¾öÁí° �ÖÀÂ´ �°¹úÁÌÀÙ´[�1�]�.� �â±¸Á¡¿Â´ �ÖÁÎ· �í°Â¿¡¿­¼ÇÀ �í°ó»Ý¹ÀÀ»À �ëÅÏÇ©¿ �üÇ¤±¼Ã¦¸ �ÕÇº¼ÏÇ´¿¸Àª³ �ÖÃÙ±¡¿ �üÇ¤±¼Ã �üÇó»ÇÀ �¶ÁýÀ»À �ëÅÑÇ �ß¹¤±ÖÈµµÇÀ �õÁ¡°¦¸ �ð¸ö»ÏÇí° �ÖÀ¸Àç¸ �ÌÀÌ¹ �î¸ �¡°öÁ �æ¹ý¹éµÌÀ �Ã½µµÈµ �Ù¹ �ÖÀÙ´[�2�]�.� � �ÌÀ¡¿ �»º �¬¿¸±¡¿­¼Â´ �y�t�t�r�i�u�m� �o�x�i�d�e�¦¸ �Ðº«¹ �­¿ÐºØÇý¹¸ÀÎ· �¸¸éµî¾ �¸±üÇÇÀ �ÔÀÚÀ¦¸ �ò¾ú¾¸Àç¸ �ÌÀ¦¸ �ÄÈ³Ã®¸ �ÔÇ¸ÀÎ·á½ �ÖÃ¾Á �üÇ¤±¼Ã»À �ò¾ú¾Ù´.� �»º �¬¿¸±¡¿ �ç»ë¿Èµ �Ðº«¹­¿ÐºØÇý¹ºÀ �ÖÃÙ±¡¿ �³°ß¹Èµ �f�i�l�t�e�r� �e�x�p�a�n�s�i�o�n� �a�e�r�o�s�o�l� �g�e�n�e�r�a�t�o�r�(�F�E�A�G�)�¦¸ �ÌÀë¿ÏÇ´¿Ù´[�3�]�.� �ÌÀ �æ¹ý¹»À �ÌÀë¿ÑÇ �üÇ¤±¼Ã �ÔÀÚÀÇÀ �¦Á¶ÁÃ½¡¿ �×¾ó»¡¿­¼ �ý»º¼ÇµÂ´ �ÛÀºÀ �×¾ûÀ¡¿ �ÇÀØÇ­¼ �¸±üÇÇÀ �ÔÀÚÀ¡° �¦Á¶ÁÇµç¸ �Ç¶ÑÇ �ø°¤Á¯ºö¼éµ»À �¶ÁýÀÔÇ¸ÀÎ·á½ �ÔÀÚÀ©Åâ±Í¿ �üÇó»»À �¶ÁýÀÒÇ �ö¼ �ÖÀí°[�3�]� �üÇ¤±¼Ã �ð¸¼Ã¡¿ �°Èº¼¦Á¦¸ �·Ã¡°ÒÇ§¶¡¿ �õ´í¿ �Õ±ÏÀÏÇÔ° �Ðºê»Ã½³Å �ö¼ �ÖÀÂ´ �åÀ¡ÁÌÀ �ÖÀÙ´.� �ûµó¶­¼ �»º �¬¿¸±¡¿­¼Â´ �ÌÀ¯·ÑÇ �F�E�A�G�ÇÀ �¯Æº¼»À �ÌÀë¿ÏÇ©¿ �»º �ÕÇº¼æ¹ý¹ÌÀ �¦Áø°ÏÇÂ´ �üÇ¤±¼ÃÇÀ �ß¹¤±¯Æº¼ú° �¸±üÇÇÀ �üÇ¤±¼Ã �ÔÀÚÀ¡° �°°Â´ �¯Æº¼»À �¶Áç»ÏÇ´¿Ù´.� �
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�Ç½ �èÇ � � � � � � � �


� � � � �Ðº«¹­¿ÐºØÇý¹»À �ÌÀë¿ÑÇ �¸±üÇÇÀ �Y�2�O�3�:�E�u�¦¸ �ÕÇº¼ÏÇâ± �§ÀÏÇ©¿ �y�t�t�r�i�u�m� �o�x�i�d�e�ÇÀ �üÀ¸±¼ÃÎ·­¼ �y�t�t�r�i�u�m� �n�i�t�r�a�t�e�(�9�9�.�9�9�%�)�¦¸ �×±®¸í° �e�u�r�o�p�i�u�m�ÇÀ �üÀ¸±¼ÃÎ·­¼ �e�u�r�o�p�i�u�m� �c�h�l�o�r�i�d�e�(�9�9�.�9�9�%�)�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �ÌÀ¦¸ �ö¼ë¿×¾¸ÀÎ· �¸¸çµÚµ �f�i�l�t�e�r�¦¸ �ëÅÏÇ©¿ �×¾ûÀ¸ÀÎ· �ý»º¼Ã½°Åí° �¿µÃ½¡¿ �9�0�0�o�C�ÇÀ �ü°»À �öÁª³é¸­¼ �­¿ÐºØÇ¡° �ÏÀî¾ª³Ô° �ÏÇ©¿ �y�t�t�r�i�u�m� �o�x�i�d�e�¦¸ �ý»º¼ÏÇ´¿Ù´[�3�]�.� �ÌÀÄÈ¡¿ �1�0�0�0�o�C� �ÌÀó»ÇÀ �í°Â¿¡¿­¼ �­¿³Ã®¸ÏÇ©¿ �ø¼ö¼ÑÇ �y�t�t�r�i�u�m� �o�x�i�d�e�ÇÀ �á°¤Á»À �ò¾ú¾í° �¿µÃ½¡¿ �e�u�r�o�p�i�u�m�»À �üÇ¤±¼Ã �ð¸¼ÃÇÀ �Ý°ÚÀÓ¼¸ÀÎ· �°Èº¼­ÈÃ½ÑÄ �ß¹¤±ÌÀ �ÇµµµÏ· �ÏÇ´¿Ù´.� �°Èº¼¦ÁÎÀ �e�u�r�o�p�i�u�m�ÇÀ �µµÎÇó³µµ¡¿ �ûµ¥¸ �P�h�o�t�o�l�u�m�i�n�e�s�c�e�n�c�e�(�P�L�)�Í¿ �C�a�t�h�o�d�o�l�u�m�i�n�e�s�c�e�n�c�e�(�C�L�)�ÇÀ �¯Æº¼»À �¶Áç»ÏÇâ± �§ÀÏÇ©¿ �µµÎÇó³µµ¦¸ �0�.�5� �~� �1�6�m�o�l�%� �î±öÁ �¯º­ÈÃ½×ÄÙ´.� �Ç¶ÑÇ �­¿³Ã®¸ �Â¿µµ¦¸ �1�0�0�0�o�C�¡¿­¼ �1�4�0�0�o�C�î±öÁ �1�0�0�o�C� �£°Ý°¸ÀÎ· �¯º­ÈÃ½ÑÄ �­¿³Ã®¸ �Â¿µµ¡¿ �ûµ¥¸ �X�-�r�a�y� �d�i�f�f�r�a�c�t�i�o�n� �p�a�t�t�e�r�n�ú° �ß¹¤±ÖÈµµÇÀ �¯º­È¦¸ �ü°ûÂÏÇ´¿¸Àç¸ �üÇ¤±¼Ã �ÔÀÚÀ©Åâ±¡¿ �ûµ¥¸ �ß¹¤±¯Æº¼»À �¶Áç»ÏÇâ± �§ÀÏÇ©¿ �üÀ¸±¼Ã �ë¿×¾ÇÀ �ô¸ó³µµ¦¸ �0�.�0�5� �~� �0�.�8�m�o�l�/�l�i�t�e�r�Î· �¯º­ÈÃ½ÑÄ �ÔÀÚÀ¦¸ �¦Á¶ÁÏÇ´¿Ù´.� �¦Á¶ÁÈµ �ÔÀÚÀÇÀ �üÇó»ú° �©Åâ±Â´ �S�c�a�n�n�i�n�g� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�e�(�S�E�M�)�Í¿ �c�e�n�t�r�i�f�u�g�a�l� �p�a�r�t�i�c�l�e� �s�i�z�e� �a�n�a�l�y�z�e�r�(�S�P�-�C�P�3�,� �S�c�h�m�a�d�z�u�)�Î· �Ðº®¼ÏÇ´¿í° �P�L�ºÀ �X�e� �l�a�m�p�Î· �2�5�4�n�m�¡¿­¼ �©¿â±Ã½ÑÄ �øÃ¤ÁÏÇ´¿¸Àç¸ �C�L�ºÀ �5�x�1�0�-�7�t�o�r�r�ÇÀ �øÁø°c�h�a�m�b�e�r�È¾¡¿­¼ �4�0�0�V�,� �5�1�(�A�/�c�m�2�ÇÀ �ÔÀç»¡¿Ê³öÁÎ· �©¿â±Ã½ÑÄ �ß¹¤±ÇµÂ´ �ûºÇÀ �ß¹¤±ÖÈµµÍ¿ �ö»ÂÁ¥ÇÂ´ �¤±µµè°(�M�i�n�o�l�t�a� �C�S�-�1�0�0�)�Î· �øÃ¤ÁÏÇ´¿Ù´.� �
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�á°ú° �×¹ �í°ûÂ


� � � � �Ðº«¹­¿ÐºØÇý¹¸ÀÎ· �ò¾ºÀ �üÇ¤±¼Ã �ÔÀÚÀÇÀ �­¿³Ã®¸ �Â¿µµ¡¿ �ûµ¥¸ �X�R�D� �á°ú°¡¿­¼Â´ �1�0�0�0�o�C�ÌÀó»¡¿­¼ �y�t�t�r�i�u�m� �o�x�i�d�e�¸ÀÎ· �ý»º¼Êµ»À �×±²¸ �1�¡¿­¼ �®ÈÎÀ �ÒÇ �ö¼ �ÖÀú¾Ù´.� � �X�±¼¸ÈýÀÇÀ �¼¼â±Â´ �1�2�0�0�o�C�¡¿­¼ �¡°åÀ �¼¼Ô° �ª³Ô¿¸Àç¸ �ÌÀÂ´ �­¿³Ã®¸ �Â¿µµ¡¿ �ûµ¥¸ �C�L�ú° �P�L�ÇÀ �á°ú°¡¿­¼ �C�L� �Ç½èÇª°ú° �ÏÀ¡ÄÏÇÂ´ �á°ú°¦¸ �ò¾ú¾Ù´.� �×±¯·ª³ �P�L�¡¿­¼Â´ �­¿³Ã®¸ �Â¿µµ¡° �1�2�0�0�o�C� �ÌÀó»ÎºÍÅÂ´ �õ´ �ÌÀó» �õÁ¡°ÏÇöÁ �Ê¾í° �ÏÀ¤ÁÏÇÔ° �ª³¸Åµ³Ù´.� �×±²¸ �2�Â´ �Y�2�O�3�:�E�u� �üÇ¤±¼ÃÇÀ �P�L�ú° �C�L� �p�a�t�t�e�r�n�»À �ª³¸Å½³Ù´.� �©¿â± �¡¿Ê³öÁø¿¡¿ �ûµ¥¸ �p�e�a�k�ÇÀ �¯º­ÈÂ´ �ø¾ú¾¸Àç¸ �ÖÁæ¹âÃ �ÄÆåÀºÀ �6�1�2�n�m�Î· �P�L� �ö»ÂÁ¥ÇÂ´ �X�=�0�.�6�5�8�,� �Y�=�0�.�3�8�5�ÇÀ �r�e�d�d�i�s�h� �o�r�a�n�g�e�µ¿ª¿ÇÀ �ûº»À �ç¶ú¾í° �C�L�¡¿­¼Â´ �X�=� �0�.�6�2�1�4�,� �Y�=�0�.�3�6�1�1�»À �ª³¸ÅÂ³Ù´.� �


� � � � �S�E�M�¸ÀÎ· �ü°ûÂÑÇ �üÇ¤±¼Ã �ÔÀÚÀÇÀ �üÇó»ºÀ �×±²¸ �3�¡¿­¼ �¸ºíµÌÀ �¸±üÇÇÀ �ÔÀÚÀ �ð¸ç¾»À �¡°öÁç¸ �­¿³Ã®¸ �ÄÈ¡¿Â´ �ÔÀÚÀ¡° �ö¼àÃÏÇ©¿ �ÛÀí° �Ù´ø°º¼ÌÀ �Êµ»À �ü°ûÂÏÇ´¿Ù´.� �E�u� �ô¸ó³µµ¡¿ �ûµ¥¸ �üÇ¤±¼ÃÇÀ �ß¹¤±¯Æº¼ºÀ �×±²¸ �4�¡¿­¼ �¸º©¿ÖÁíµÌÀ �P�L�ºÀ �1�0�m�o�l�%�¡¿­¼ �C�L�ºÀ �7�m�o�l�%�¡¿­¼ �¡°åÀ �à¹ºÀ �à¹ºÀ �ÖÈµµ¦¸ �»³ç¸ �ó³µµÒ¼¤± �¿Èú°¡° �ª³¸Åµ³Ù´.� �ÌÀÂ´ �¡¿Ê³öÁø¿ÌÀ �Ù´¥¸ �Îµ �©¿â± �æ¹ý¹¡¿­¼ �¡¿Ê³öÁ �üÀÌÀ¿È²ÀÇÀ �÷ÂÌÀ¡¿ �â±ÎÀÏÇÂ´ �Í°¸ÀÎ· �ç»á·ÈµÙ´.� �ÔÀÚÀ©Åâ±¡¿ �ûµ¥¸ �P�L� �ß¹¤±¯Æº¼¡¿­¼Â´ �ÔÀÚÀ¡° �0�.�5�(�m�¡¿­¼ �2�(�m�î±öÁ �¿ÄüÁ¡¿ �ûµó¶ �ß¹¤±ÖÈµµµµ �õÁ¡°ÏÇ´¿¸Àª³ �C�L�¡¿­¼Â´ �ÔÀÚÀ©Åâ±¡° �1�(�m� �ÎºÙ±¡¿­¼ �¡°åÀ �à¹Ô° �ª³¸Åµ³Ù´.� �ÌÀÂ´ �ÔÀÚÀÇÀ �ß¹¤±é¸ûÀÓ» �Æ¾Ï´ó¶ �ûºÇÀ �ê»õ¶,� �üÀÚÀÇÀ �õÅú° �í±ÌÀÍ¿µµ �ü°Ã·Èµ �Í°¸ÀÎ· �Õ¾¸ÀÎ· �õ´ �¬¿¸±Çµî¾úÁ �Í°ÌÀÙ´.� �»º �Ç½èÇ»À �ëÅØÇ �ò¾ºÀ �üÇ¤±¼Ã �Ã½á·éµºÀ �P�L�¡¿­¼Â´ � �1�3�5�c�d�/�m�2�»À �ò¾ú¾í°,� �C�L�¡¿­¼Â´ �4�0�0�V�,� �5�1�(�A�/�c�m�2�ÇÀ �©¿â± �¡¿Ê³öÁÍ¿ �d�u�t�y� �c�y�c�l�e�»À �1�Î· �©¿â± �ÏÇ´¿»À �§¶,� �1�2�0�c�d�/�m�2�ÇÀ �ÖÈµµ¦¸ �ò¾ú¾Â´¥µ �ÌÀÂ´ �°°ºÀ �¶ÁÇ°¡¿­¼ �©¿â±Ã½¡¿ �ÌÀÌ¹ �Ã½ÇÆÇµí°ÖÀÂ´ �µ¿¹±ê» �Y�2�O�3�:�E�u�(�P�h�o�s�p�h�o�r� �T�e�c�h�n�o�l�o�g�y� �L�T�D�)�ÇÀ �9�0�c�d�/�m�2� �¸ºÙ´ �3�0�%�¤Áµµ �ÖÈµµ¡° �âÇó»Æµ½À»À �®ÈÎÀÏÇ´¿í° �ß¹¤±¿È²Àµµ �1�.�0�9�l�m�/�W�¡¿­¼ �1�.�4�5�l�m�/�W�î±öÁ �õÁ¡°ÏÇ´¿Ù´.� �§ÀÇÀ �á°ú°éµÎ·ÎºÍÅ �Y�2�O�3�:�E�u� �üÇ¤±¼ÃÇÀ �P�L�ú° �C�L�ÇÀ �ß¹¤±¯Æº¼ºÀ �¶ÁÝ± �Ù´¥¸ �ç¾ó»»À �ç¶ç¸ �Ðº«¹­¿ÐºØÇý¹¸ÀÎ· �ÕÇº¼ÑÇ �üÇ¤±¼Ã �ÔÀÚÀéµÌÀ �õ´í¿ �ÁÁºÀ �ß¹¤±ÖÈµµ¦¸ �ª³¸Å¿³»À �Ë¾ �ö¼ �ÖÀú¾Ù´.� �ÌÀÂ´ �üÀ¸±¼Ã �ë¿×¾ó»ÂÅ¡¿­¼ �°Èº¼¦Á¡° �üÇ¤±¼Ã �ð¸¼Ã �ç»ÌÀÎ· �í°£¸Ô° �Ðºê»Çµî¾ �­¿³Ã®¸Ã½¡¿ �üÇ¤±¼Ã �ð¸¼ÃÇÀ �Ý°ÚÀÓ¼¸ÀÎ· �¿Èú°ûÀ¸ÀÎ· �§ÄõÅÒÇ �ö¼ �ÖÀÂ´ �¶ÁÇ°¡¿­¼ �â±ÎÀÇµÂ´ �Í°¸ÀÎ· �ç»á·Çµç¸,� �¸±üÇÌÀª³ �Ù´ø°º¼ÎÀ �ÔÀÚÀÇÀ �üÇÂÅÎ·ÎºÍÅÀ¿Â´ �ß¹¤±¯Æº¼ú°ÇÀ �ü°Ã·ç»×Çéµµµ �Õ¾¸ÀÎ· �è°Ó¼ �¬¿¸±Éµ �Í°ÌÀÙ´.� �
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��� �E�M�B�E�D� �W�o�r�d�.�P�i�c�t�u�r�e�.�6� � �������


�F�i�g�.� � �1� � �X�R�D� �s�p�e�c�t�r�a� �o�f� �Y�2�O�3�:�E�u� �p�a�r�t�i�c�l�e�s� �p�r�e�p�a�r�e�d� �b�y� �s�p�r�a�y� �p�y�r�o�l�y�s�i�s�.�


��� �E�M�B�E�D� �W�o�r�d�.�P�i�c�t�u�r�e�.�6� � �������


�F�i�g�.� � �2� � �C�L� �a�n�d� �P�L� �p�a�t�t�e�r�n�s� �o�f� �Y�2�O�3�:�E�u� �p�a�r�t�i�c�l�e�s� �p�r�e�p�a�r�e�d� �b�y� �s�p�r�a�y� �p�y�r�o�l�y�s�i�s�.�
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� � � � ��� � � � ���


� � � � � � � � � � �(�a�)� �b�e�f�o�r�e� �h�e�a�t� �t�r�e�a�t�m�e�n�t� � � � � � � � � � �(�b�)� �h�e�a�t� �t�r�e�a�t�m�e�n�t� �a�t� �1�2�0�0�o�C� �f�o�r� �3�h�r�s�


�F�i�g�.� � �3� � �S�E�M� �p�h�o�t�o�g�r�a�p�h�s� �o�f� �Y�2�O�3�:�E�u� �p�a�r�t�i�c�l�e�s� �p�r�e�p�a�r�e�d� �b�y� �s�p�r�a�y� �p�y�r�o�l�y�s�i�s�.�
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��� �E�M�B�E�D� �W�o�r�d�.�P�i�c�t�u�r�e�.�6� � �������


�F�i�g�.� � �4� � �C�L� �a�n�d� �P�L� �i�n�t�e�n�s�i�t�i�e�s� �o�f� �Y�2�O�3�:�E�u� �p�h�o�s�p�h�o�r� �p�o�w�d�e�r�s� �f�o�r� �E�u� �m�o�l� �p�e�r�c�e�n�t�.�


