Z�e�r�o�-�V�a�l�e�n�t� �F�e�¦¸ �ÌÀë¿ÑÇ �P�C�E� �×¹ �T�C�E�ÇÀ �»Å°¿Ò¼­È


�


�


�ÖÃçÀì¿,� �ÑÇáÃ,� �­¼¿µøÁ*�,� �Ú¹ÂÅøÁ*�


�¤±î¿ë´ÐÇ³± �­ÈÐÇø°ÐÇú°,� �ÑÇ¹±ú°ÐÇâ±ú¼¬¿¸±ø¿ �­Èø°¬¿¸±Îº*�


�


�


�D�e�c�h�l�o�r�i�n�a�t�i�o�n� �o�f� �T�e�t�r�a�c�h�l�o�r�o�e�t�h�y�l�e�n�e� �a�n�d� �T�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e� �i�n� �A�q�u�e�o�u�s� �S�o�l�u�t�i�o�n� �U�s�i�n�g� �F�e�0�


�


�


�J�a�e�-�W�o�o� �C�h�o�i�,� �C�h�o�o�n� �H�a�n�,� �D�o�n�g� �J�i�n� �S�u�h�*�,� �T�a�e�-�J�i�n� �P�a�r�k�*�


�D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �K�w�a�n�g�w�o�o�n� �U�n�i�v�e�r�s�i�t�y�


�D�i�v�i�s�i�o�n� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �K�I�S�T�*�


�


�


�­¼Ð·


�äÅç¾À¿°¿ �°¹úÁÇÀ �¦ÁÅ°¡¿Â´ �ý»°¹ÐÇûÀ �³Ã®¸¦¸ �ñºÔ·ÑÇ �©¿¯· �¡°öÁ �æ¹ý¹ÌÀ �ç»ë¿Çµí° �ÖÀ¸Àç¸ �¯Æ÷È,� �¯Àâ± �°¿Ò¼è° �ë¿Å¸Í¿ �°°ºÀ �­³ÐºØÇº¼ �¯À¶µ �°¹úÁÌÀ �À¿°¿Èµ �æ°ì¿¡¿Â´ �À¿°¿ �öÁª¿ÇÀ �öÁÏÇö¼¦¸ �ëÃö¼ÑÇ �Ù´½À �ÔÇ¯ÀÈµ �¯À¶µ �°¹úÁ»À �íÈøÂ �Ç¶Â´ �ÐºØÇÏÇ©¿ �¦ÁÅ°ÏÇÂ´ �p�u�m�p�-�a�n�d�-�t�r�e�a�t� �â±ý¹ÌÀ �ÖÁÎ· �ç»ë¿Çµî¾Ô¿Ù´.� �


�×±¯·ª³ �ÖÃÙ± �F�e�¦¸ �ñºÔ·ÑÇ �0�¡° �Ý±Ó¼»À �ÌÀë¿ÏÇ©¿ �¯Àâ± �°¿Ò¼ �­ÈÕÇ°¹»À �ÐºØÇÏÇÂ´ �æ¹ý¹ÌÀ �G�i�l�l�h�a�m�îµ1�)�¡¿ �ÇÀØÇ �³°ß¹Çµî¾ �ÖÁñ¸»À �Þ¹í° �ÖÀÙ´.� �ÌÀ �æ¹ý¹ºÀ �F�e�Í¿ �ð¸¡·Î· �¤Ãö¿øÁ �õÅú°º¼ �®º»À �À¿°¿ �öÁÏÇö¼ÇÀ �¯ÀÎ·¡¿ �ö¼÷Á¸ÀÎ· �³¼¡ÄÏÇÂ´ �Í°¸ÀÎ· �öÁÏÇö¼¡° �®º»À �­¼­¼÷È �ëÅú°ÏÇÂ´ �¿µÈ¾ �¯Àâ± �°¿Ò¼ �­ÈÕÇ°¹ÌÀ �F�e�Í¿ �Ý¹ÀÀÏÇ©¿ �ÐºØÇÊµ¸ÀÎ·á½ �À¿°¿°¹úÁÇÀ �®Èê»»À �·¸Â´ �Í°ÌÀÙ´.� �


�»º �¬¿¸±¡¿­¼Â´ �b�a�t�c�h� �t�e�s�t�Í¿ �c�o�l�u�m�n� �t�e�s�t�¦¸ �ëÅØÇ �F�e� �Ðº»¸»À �ÌÀë¿ÏÇ©¿ �P�C�E� �(�P�e�r�c�h�l�o�r�o�e�t�h�y�l�e�n�e�,� �C�2�C�l�4�)� �×¹ �T�C�E� �(�T�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e�,� �C�2�H�C�l�3�)�¦¸ �ÐºØÇÏÇÂ´ �Ý¹ÀÀ �Ç½èÇ»À �ö¼àÇÏÇ©¿ �Ý¹ÀÀÓ¼µµ¡¿ �ë´ÑÇ �©¿¯· �¡°öÁ �Ý¹ÀÀ �¯ºö¼ÇÀ �µ¿âÇ»À �ü°ûÂÏÇ´¿Ù´.�
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�Ç½èÇ


�B�a�t�c�h� �T�e�s�t�


�B�a�t�c�h� �t�e�s�t�¡¿­¼Â´ �1�0�0� �m�e�s�h� �F�e� �p�o�w�d�e�r� �(�Y�a�k�u�r�i� �P�u�r�e� �C�h�e�m�i�c�a�l�s� �C�o�.�)� �0�.�9�1�g�»À �2�5�.�4�m�l� �g�l�a�s�s� �h�y�p�o�v�i�a�l�¡¿ �·Ã¡°ÑÇÙ´.� �×± �ÄÈ �P�C�E�,� �T�C�E� �S�o�l�u�t�i�o�n�»À �h�e�a�d�s�p�a�c�e�¡° �ø¾µµÏ· �¤Ãî¿ �ÄÈ �T�e�f�l�o�n�-�l�i�n�e�d� �s�e�p�t�u�m�ú° �a�l�u�m�i�n�u�m� �c�r�i�m�p� �c�a�p�¸ÀÎ· �ïÁÃ½ �Ð¹ÀºÑÇÙ´.� �B�E�T� �Ðº®¼¡¿ �ÇÀØÇ �øÃ¤ÁÑÇ �F�e�ÇÀ �¥Çé¸ûÀºÀ �2�.�0�9� �m�2�/�g� �ÌÀÙ´.� �ÖÈß¹º¼¸ÀÎ· �ÎÀÑÇ �T�C�E�,� �P�C�E�ÇÀ �Õ¼Ç½»À �·¸â± �§ÀØÇ1�4�³°ÇÀ �h�y�p�o�v�i�a�l�»À �¢°¢°ÇÀ �s�a�m�p�l�i�n�g� �Ã½£°¡¿ �Â¸ßÃî¾ �ØÁñºÑÇÙ´.� �7�³°Â´ �b�l�a�n�k� �s�o�l�u�t�i�o�n�¸ÀÎ· �¤Ãì¿í°,� �ª³Ó¸öÁ �7�³°Â´ �F�e� �Ðº»¸ú° �s�o�l�u�t�i�o�n�¸ÀÎ· �¤Ãî¿Ù´.� �×±±· �ÄÈ,� �h�y�p�o�v�i�a�l�»À �³±Ý¹ø¾ÌÀ �Ï¿üÀÑÇ �m�i�x�i�n�g�»À �ÒÇ �ö¼ �ÖÀÂ´r�o�t�a�t�i�n�g� �d�i�s�c�¡¿ �Ö³í° �s�a�m�p�l�i�n�g� �Ã½£°ÌÀ �Çµú¾»À �§¶ �e�x�t�r�a�c�t�i�o�n�»À �§ÀÑÇ �v�i�a�l�¡¿ �Å¿Ü° �ã´Â´Ù´.� �F�e� �Ðº»¸ÇÀ �ç¾ºÀ �0�.�9�1�,� �1�.�8�2�g�¸ÀÎ· �¯º­ÈÃ½°Åé¸­¼ �Ç½èÇÑÇÙ´.� �P�C�E�,� �T�C�E�ÇÀ �ÊÃâ± �ó³µµÂ´ �¢°¢° � � � � � � �2�2�4�6�¶§/�¤§,� �1�5�4�7�¶§/�¤§¸ÀÎ· �ÏÀ¤ÁÏÇÔ° �¯ÀöÁÏÇ´¿Ù´.�


�


�C�o�l�u�m�n� �T�e�s�t�


�C�o�l�u�m�n� �åÀ¡ÄÇÀ �³°«·µµÂ´ �F�i�g�.� �1�¡¿ �ª³¸Å»³ú¾Ù´.� �1�0�0�¢§,� �2�0�0�¢§ÇÀ �ÎºÇÇ


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


� � � � �¦¸ �®°Â´ �c�o�l�u�m�n�»À �ç»ë¿ÏÇ©¿ �¢°¢° �Ç½èÇÏÇ´¿Ù´.� �Ý¹ÀÀ �c�o�l�u�m�n�ºÀ �1�0�0�m�e�s�h� �F�e� �1�5�%�¦¸ �÷ÆÔÇÑÇ �s�i�l�i�c�a� �s�a�n�d�Î· �æÃøÁÏÇ´¿Ù´.�C�o�n�t�r�o�l� �c�o�l�u�m�


� � � � �-�n�ºÀ �F�e� �ø¾ÌÀ �s�i�l�i�c�a� �s�a�n�d�Î·¸¸ �æÃøÁÑÇÙ´.� �P�C�E� �Ç¶Â´ �T�C�E�Â´ �ûº¡¿ �ÇÀÑÇ �ÐºØÇ �Ç¶Â´ �íÈøÂ �îµ»À �æ¹öÁÏÇâ± �§ÀØÇ �c�o�l�l�a�p�s�i�b�l�e� �T�e�f�l�o�n� �b�a�g�¡¿ �ã´í° �U�V�¦¸ �÷ÂÜ´ÒÇ �ö¼ �ÖÀÂ´ �¥°ö» �Æ¾©Å±¸ �Ú¹º½¡¿ �Ö³ú¾Ù´.� �P�u�m�p� �»³ÇÀ �ªÂºÀ �ÎºÐº¡¿Â´ �Òº¡°ÇÇÏÇÔ° �


� � � � � � � � � � � �F�i�g�.� �1�.� �C�o�l�u�m�n� �t�e�s�t� �åÀ¡Äµµ


�


� � � � �v�i�t�o�n� �t�u�b�i�n�g�»À �ç»ë¿ÏÇ´¿¸Àª³ �×± �Ü¿ÇÀ �ð¸çµ �ÎºÐººÀ �T�e�f�l�o�n� �t�u�b�i�n�g�»À �ç»ë¿ÏÇ´¿Ù´.� �¤ÁØÇøÁ �s�a�m�p�l�i�n�g�Ã½£°¡¿ �Â¸ßÃî¾ �s�a�m�p�l�e�»À �e�x�t�r�a�c�t�i�o�n�»À �§ÀÑÇ �v�i�a�l�¡¿ �Å¿Ü° �ã´Ò¾Ù´.� �¯À®·ºÀ �1�.�0�,� �2�.�0�,� �3�.�0�¢§/�m�i�n�¸ÀÎ· �¢°¢° �Ç½èÇÏÇ´¿Ù´.�


�


�Ðº®¼


�§ÀÇÀ �b�a�t�c�h�,� �c�o�l�u�m�n� �t�e�s�t�ÇÀ �s�a�m�p�l�e�»À �Ðº®¼ÏÇâ± �§ÀØÇ �H�P�-�6�8�9�0� �G�C�Í¿ �C�h�e�m�S�t�a�t�i�o�n�»À �ÌÀë¿ÏÇ´¿Ù´.� �G�C�Â´ �E�C�D� �(�e�l�e�c�t�r�o�n� �c�a�p�t�u�r�e� �d�e�t�e�c�t�o�r�)�,� �H�P�-�5� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �(�3�0�m� �5� �0�.�3�2�m�m� �5� �0�.�2�5�­§)�»À �¾ÅçÀÏÇí° �ÖÀ¸Àç¸,� �Ðº®¼ � � �¶ÁÇ°¸ÀÎ· �c�o�l�u�m�n� �Â¿µµÂ´ �ÊÃâ± �Â¿µµ �5�0�É¡¡¿­¼ �1�.�4�9�Ðº»À �Ó¸®¹ �ÄÈ �8�É¡/�m�i�n�¸ÀÎ· �Â¿µµ¦¸ �õÁ¡°Ã½ÑÄ �ÖÃ¾Á �Â¿µµ �7�1�É¡¡¿­¼ �0�.�1�Ðº£° �¯ÀöÁÏÇ´¿Ù´.� �×±®¸í° �ÖÁÔÀâ±(�i�n�j�e�c�t�o�r�)�Â´ �1�5�0�É¡,� �Ë°âÃâ±(�d�e�t�e�c�t�o�r�)�Â´ �2�5�0�É¡Î· �¯ÀöÁÏÇ´¿¸Àç¸ � �î¿Ý¹â±¼ÃÂ´ �í°ø¼µµ �N�2�¦¸ �ÌÀë¿ÏÇ´¿í° �s�p�l�i�t� �1�:�5�0�ÇÀ �ñº²ÀÎ· �s�p�l�i�t� �f�l�o�w�Â´ �1�2�1�¢§/�m�i�n�ÌÀí°,� �t�o�t�a�l� �f�l�o�w�Â´ �1�2�6�¢§/�m�i�n�ÎÀ �ó»ÂÅÎ· �Ðº®¼»À �ÏÇ´¿Ù´.�


�


�


�á°ú° �×¹ �í°ûÂ


�B�a�t�c�h� �T�e�s�t� �á°ú°


� � � � � � � � �F�i�g�.� �2�Â´ �b�a�t�c�h� �t�e�s�t� �á°ú°ÇÀ �¹¿ÌÀÙ´.� �×±²¸ �2�(�a�)�,� �2�(�b�)�¡¿­¼ �¸ºé¸,� �P�C�E�Í¿ �T�C�E�ÇÀ �c�o�n�t�r�o�l� �h�y�p�o�v�i�a�l�s�ÇÀ �ó³µµÂ´ �ó»ë´ûÀ¸ÀÎ· �ÏÀ¤ÁÏÇÔ° �¯ÀöÁÇµç¸ �¢°¢° � �Ç½èÇ �øÁàÇ �2�4�Ã½£°,� �1�0�0�Ã½£°¿µÈ¾ �P�C�E�Í¿ �T�C�E�ÇÀ �ç¾ÌÀ �à¾ �1�0� �¶§/�¤§Í¿ � � � � � �2�5�0�¶§/�¤§ �¨°Ò¼Çµî¾ �«Å �¯º­È¡° �ø¾ú¾Ù´.� �Ý¹é¸¡¿ �r�e�a�c�t�i�o�n� �h�y�p�o�v�i�a�l�ÇÀ �ó³µµÂ´ �Ç½èÇ �á°ú° �¢°¢° �à¾ �3�0�6� �¶§/�¤§,� �2�2�¶§/�¤§î±öÁ �¨°Ò¼Çµú¾¸Àç¸,� �ÌÀÂ´ �üÀ¯È²ÀÎ· �¯Èê»Ã½ � �8�0�%�ÌÀó»¡¿ �ØÇç´ÑÇÙ´(�T�a�b�l�e� �1�)�.� �Ý¹ÀÀ �Ã½£°¡¿ �ûµ¥¸ �ó³µµ �¯º­È¦¸ �øÃ¤ÁÏÇ©¿ � �F�i�g�.� �2�¡¿ �µµÃ½ÏÇ´¿í°,� �1�÷Â �Ý¹ÀÀ»À �¡°¤ÁÏÇ©¿ � �F�e� �Ðº»¸ÇÀ �ç¾¡¿ �ûµó¶ �h�a�l�f�-�l�i�f�e� �(�t�1�/�2�)�Í¿ �r�a�t�e� �c�o�n�s�t�a�n�t� �(�k�)� �¦¸ �è°ê»ÑÇ �á°ú°¦¸ �T�a�b�l�e� �2�¡¿ �ª³¸Å»³ú¾Ù´.�


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


� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�a�)� �P�C�E� �c�o�n�c�e�n�t�r�a�t�i�o�n�


�T�C�E� �c�o�n�c�e�n�t�r�a�t�i�o�n�


�


� � � � � � � � � � �F�i�g�.� �2�.� �R�e�s�u�l�t� �o�f� �b�a�t�c�h� �t�e�s�t�


�


�T�a�b�l�e� �1�.� �E�f�f�e�c�t� �o�f� �F�e� �p�o�w�d�e�r� �w�e�i�g�h�t� �o�n� �P�C�E� �o�r� �T�C�E� �c�o�n�v�e�r�s�i�o�n�a�)�


�M�a�s�s� �o�f� �i�r�o�n� �(�g�)��
�P�C�E� �c�o�n�v�e�r�s�i�o�n�(�%�)��
�T�C�E� �c�o�n�v�e�r�s�i�o�n�(�%�)��
��
�0�.�9�1��
�8�3�.�4�4��
�9�0�.�9�9��
��
�1�.�8�2��
�8�6�.�3�8��
�9�5�.�0�7��
��
�a�)� �P�C�E� �üÀ¯È²ÀºÀ �2�4�Ã½£° �Ý¹ÀÀá°ú°ÌÀç¸,� �T�C�E�ÇÀ �æ°ì¿Â´ � �1�0�0�Ã½£° �Ý¹ÀÀá°ú°ÓÀ.�


�T�a�b�l�e� �2�.� �E�f�f�e�c�t� �o�f� �s�u�r�f�a�c�e� �a�r�e�a� �t�o� �v�o�l�u�m�e� �r�a�t�i�o� �o�n� �t�1�/�2� �v�a�l�u�e�s� �f�o�r� �T�C�E� �o�r� �P�C�E� �d�e�g�r�a�d�a�t�i�o�n�


��
�M�a�s�s� �o�f� �I�r�o�n�(�g�)��
�S�u�r�f�a�c�e� �a�r�e�a�


�/�V�o�l�u�m�e�(�m�2�/�m�l�)��
�t�1�/�2��
�k�(�r�a�t�e� �c�o�n�s�t�a�n�t�)�(�h�-�1�)��
��
�P�C�E��
�0�.�9�1��
�0�.�0�7�2��
�1�2�.�4��
�0�.�0�5�5�7�0��
��
��
�1�.�8�2��
�0�.�1�4�4��
�1�1�.�1��
�0�.�0�6�2�4�9��
��
�T�C�E��
�0�.�9�1��
�0�.�0�7�2��
�3�0�.�5��
�0�.�0�2�2�7�5��
��
��
�1�.�8�2��
�0�.�1�4�4��
�2�3�.�3��
�0�.�0�2�9�7�1��
��
�


� � �2�.� � �C�o�l�u�m�n� �T�e�s�t� �á°ú°


� � � � � � � � �P�C�E� �3�0�p�p�m�,� �2�.�2�4�p�p�m�,� �T�C�E� �3�0�p�p�m�,� �1�.�5�4�p�p�m�¡¿ �ë´ÏÇ©¿ �c�o�l�u�m�n� �ëÅú° �¯ÀÓ¼ �1�.�0�m�l�/�m�i�n�,� �2�.�0�m�l�/�m�i�n�¸ÀÎ· �×±®¸í°,� �c�o�l�u�m�n�»³ÇÀ �s�a�n�d�ë´ �F�e�ÇÀ �w�e�i�g�h�t� �ñºÂ´ �8�5�:�1�5� �Í¿ �9�9�:�1�Î· �Ç½èÇÏÇ´¿Ù´.� �×± �á°ú° �¯À®·ú° �s�a�n�d�Í¿ �F�e�ÇÀ �¥ÈÕÇñº¡¿ �ûµó¶ �à¾£°ÇÀ �÷ÂÌÀ¦¸ �¸ºÌÀöÁ¸¸ �Ý¹ÀÀë¿×¾ÌÀ �c�o�l�u�m�n�¡¿ �µµÔÀÇµâ± �Ã½ÛÀÑÇ �ÄÈ �2�Ã½£°»³¡¿ �P�C�E�Í¿ �T�C�E�¡° �7�0�-�9�9�%� �¤Áµµ �üÀ¯ÈÇµú¾Ù´.� �B�a�t�c�h� �t�e�s�t�ÇÀ �á°ú°¡¿­¼µµ �ì»ìÆ¼º �ö¼ �ÖÀú¾ø´ �Ù¹Í¿ �¶¸ùÂ¡°öÁÎ· �P�C�E�Í¿ �T�C�E�ÇÀ �æ°ì¿ �µµÔÀ �¯À®·ú° �F�e�ÇÀ �ç¾¡¿ �©ÅÔ° �µ¿âÇ»À �Þ¹öÁ �Ê¾í° �ªÂºÀ �Ã½£°¡¿ �°¿Ò¼¡° �¦ÁÅ°ÇµÂ´ �æ°âÇ»À �¸ºÌÀí° �ÖÀÂ´ �¡Á¸ÀÎ· �¸ºÆ¾ �¯Àâ± �°¿Ò¼ �­ÈÕÇ°¹ÌÀ �ÔÇ¯ÀÈµ �óÆö¼ �×¹ �öÁÏÇö¼ÇÀ �ë´Ô±ð¸ �³Ã®¸¡¿ �ÖÀî¾­¼µµ �F�e�ÇÀ �ç»ë¿ÌÀ �Å¸ì¿ �¿Èú°ûÀÎÀ �á°ú°¦¸ �ª³¸Å¾³ �Í°¸ÀÎ· �¸ºÎÀÙ´.�


�


�


�á°Ð·


� � �Z�e�r�o�-�v�a�l�e�n�t� �F�e�¦¸ �ÌÀë¿ÑÇ �P�C�E� �×¹ �T�C�E�ÇÀ �ÐºØÇÝ¹ÀÀ �b�a�t�c�h� �t�e�s�t� �á°ú° �Ý¹ÀÀÓ¼µµÂ´ �1�÷Â �Ä½¸ÀÎ· �¥ÇöÇÒÇ �ö¼ �ÖÀú¾í° �c�o�l�u�m�n� �t�e�s�t� �á°ú° �F�e�Â´ �ö¼ë¿×¾ �ßÁ �¯Àâ± �°¿Ò¼ �­ÈÕÇ°¹ÇÀ �ÐºØÇÝ¹ÀÀ¡¿ �ô³ºÀ �¿Èú°¦¸ �¸º©¿ �9�9�%� �ÇÀ �üÀ¯È²À»À �ò¾»À �ö¼ �ÖÀ½À»À �®ÈÎÀÏÇ´¿Ù´.�


�


�


�üÂí° �®¹åÇ


�R�o�b�e�r�t� �W�.� �G�i�l�l�h�a�m� �a�n�d� �S�t�e�p�h�a�n�i�e� �F�.� �O�’�H�a�n�n�e�s�i�n�,� �G�r�o�u�n�d� �W�a�t�e�r�,� �3�2�,� �9�5�8� �(�1�9�9�4�)�.�


�L�e�a�h� �J�.� �M�a�t�h�e�s�o�n� �a�n�d� �P�a�u�l� �G�.� �T�r�a�t�n�y�e�k�,� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �2�8�,� �


� � � � �2�0�4�5� �(�1�9�9�4�)�.�


�L�e�s�l�i�e� �I�.� �H�a�r�d�y� �a�n�d� �R�o�b�e�r�t� �W�.� �G�i�l�l�h�a�m�,� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �3�0�,� �5�7� �(�1�9�9�6�)�.�


�W�.� �S�c�o�t�t� �O�r�t�h� �a�n�d� �R�o�b�e�r�t� �W�.� �G�i�l�l�h�a�m�,� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �3�0�,� �6�6� �(�1�9�9�6�)�.�


�R�o�s�y� �M�u�f�t�i�k�i�a�n�,� �Q�u�i�n�t�u�s� �F�e�r�n�a�n�d�o� �a�n�d� �N�i�c� �K�o�r�t�e�,� �W�a�t�.� �R�e�s�.�,� �2�9�,� �2�4�3�4� �(�1�9�9�5�)�.�


�E�l�a�i�n�e� �L�.� �A�p�p�l�e�t�o�n�,� �E�n�v�i�r�o�n�.� �S�c�i�.� �T�e�c�h�n�o�l�.�,� �3�0�,� �5�3�6� �(�1�9�9�6�)�.�


