ç¾ÌÀÂ¿³±¯È·¸»À �ëÅÑÇ �ö¼Ò¼Ðº®¸¡¿­¼ �úÁÒ¼ÇÀ �õÅú°¡¿ �ü°ÑÇ �¬¿¸±


�


�ÖÃ£È­¿,� �ÌÀÑÇÔ±,� �ÖÃæ°¯È,� �ÌÀÂ½çÀ*�,� �³¼ë¿Ç°,� �ÌÀÂÅñÈ


�¬¿¼¼ë´ÐÇ³± �­ÈÐÇø°ÐÇú°,� �


�*�B�r�o�o�k�h�a�v�e�n� �N�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y�


�


�A� �S�t�u�d�y� �o�n� �N�i�t�r�o�g�e�n� �P�e�r�m�e�a�t�i�o�n� �i�n� �H�y�d�r�o�g�e�n� �S�e�p�a�r�a�t�i�o�n�


�t�h�r�o�u�g�h� �P�r�o�t�o�n� �E�x�c�h�a�n�g�e� �M�e�m�b�r�a�n�e�


�


�H�.�Y�.�C�h�o�i�,� �H�.�K�.�L�e�e�,� �K�.�H�.�C�h�o�i�,� �S�.�J�.�L�e�e�*�,� �Y�.�G�.�S�h�u�l� �a�n�d� �T�.�H�.�L�e�e�


�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�,� �Y�o�n�s�e�i� �U�n�i�v�e�r�s�i�t�y�,�


�*�D�e�p�a�r�t�m�e�n�t� �o�f� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �B�r�o�o�k�h�a�v�e�n� �N�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y�


�


�­¼Ð·


� � �üÀâ±­ÈÐÇûÀ �·¸Ðº®¸ý¹ºÀ �Ð¾Â·÷Â¦¸ �¸±¿µÂ·¸ÀÎ· �ÏÇÂ´ �ÏÀÝ¹ûÀÎÀ �·¸Ðº®¸ý¹ú°Â´ �Þ´®¸ �ÌÀÂ¿³±¯È·¸»À �ÌÀë¿ÏÇç¸ �üÀ§À÷Â¦¸ �¸±¿µÂ·¸ÀÎ· �ÏÇÇ¹Î·,� �±¼ÃÅº¼ÌÀ �Å¸ì¿ �Ù¶î¾ª³ç¸ �¿È²ÀÌÀ �ô³í°,� �ñÈÚ¹ÑÇ �â±¼ÃÇÀ �Ðº®¸¡¿ �¿Èú°ûÀÌÀó¶Â´ �åÀ¡ÁÌÀ �ÖÀ¸Àª³,� �üÀâ±­ÈÐÇûÀ¸ÀÎ· �°Èº¼»À �öÁÑ´ �ö¼Ò¼,� �ê»Ò¼ �îµ¸¸ÌÀ �Ðº®¸¡° �¡°É´ÏÇÙ´Â´ �¦ÁÑÇÌÀ �ÖÀÙ´.� �×± �ßÁ �¡°åÀ �°Èº¼ÌÀ �«Å �ö¼Ò¼¡° �ì¿±¼ûÀ¸ÀÎ· �Ðº®¸ÇÀ �ë´ó»ÌÀ �Çµú¾Ù´.�


� � �»º �¬¿¸±¡¿­¼Â´ �ç¾ÌÀÂ¿ �³±¯È·¸ �¬¿á·üÀöÁ(�P�E�M�F�C�)�Î·ÎºÍÅ �ÀÀë¿ÇµÂ´ �üÀâ±­ÈÐÇûÀ �·¸Ðº®¸åÀ¡Ä¦¸ �ÌÀë¿ÏÇ©¿,� �ö¼Ò¼/�úÁÒ¼ �¥ÈÕÇâ±¼ÃÎ·ÎºÍÅ �ö¼Ò¼Ðº®¸ �Ç½èÇ»À �ö¼àÇÒÇ �§¶,� �Ðº®¸Èµ �ö¼Ò¼ßÁ �Ì¹®·ÇÀ �úÁÒ¼¡° �Ë°âÃÇµé¸­¼ �ö¼Ò¼ÇÀ �ø¼µµ¦¸ �úÀÏÇÃ½°ÅÔ° �ÈµÙ´.� �ûµó¶­¼ �ç¾ÌÀÂ¿³±¯È·¸»À �ëÅÑÇ �Òºø¼°¹ÎÀ �úÁÒ¼ÇÀ �õÅú° �ø¿ÎÀ»À �üÀâ±­ÈÐÇûÀ �Ý¹ÀÀ,� �ö¼ÐºÇÀ �µ¿âÇ �×¹ �Â¿µµÍ¿ �Ð¾Â·¡¿ �ë´ÑÇ �µ¿âÇÇÀ �øÃé¸¡¿­¼ �¬¿¸±ÏÇ´¿Ù´.�


�


�Ç½èÇ


� � �»º �¬¿¸±¡¿ �ç»ë¿Èµ �¬¿á·üÀöÁë¿ �üÀØÇúÁÎÀ �ç¾ÌÀÂ¿³±¯È·¸ºÀ �D�u� �P�o�n�t�ç»ÇÀ �N�a�f�i�o�n�(� �1�1�5�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �ÌÀ¦¸ �3�%� �H�2�O�2�ë¿×¾¡¿­¼ �1�Ã½£°¿µÈ¾ �ú²©¿­¼ �¯Àâ±Òºø¼°¹»À �¦ÁÅ°ÏÇ´¿¸Àç¸,� �õÁù·ö¼¡¿­¼ �1�Ã½£°¿¾ �Îµø¹ �ú²©¿­¼ �H�2�O�2�¦¸ �¼¼´ÃÏÇí°,� �0�.�5�M� �H�2�S�O�4�ë¿×¾¡¿­¼ �1�Ã½£°¿µÈ¾ �ú²©¿­¼ �Ý±Ó¼Òºø¼°¹»À �¦ÁÅ°ÑÇ �ÄÈ,� �Ù´Ã½ �õÁù·ö¼¡¿­¼ �1�Ã½£°¿µÈ¾ �2�ø¹¿¾ �ú²©¿­¼ �üÀ³Ã®¸¦¸ �ÏÇ´¿Ù´.� �üÀØ±ºÀ �G�l�o�b�e� �T�e�c�h�ç»ÇÀ �ó»ë¿üÀØ±(�V�u�l�c�a�n� �X�C�-�7�2� �c�a�r�b�o�n� �b�l�a�c�k�¡¿ �2�0�w�t�.�%� �0�.�4� �m�g� �P�t�/�c�m�2� �ã´öÁ)�»À �ç»ë¿ÏÇ´¿Ù´.� �üÀØ±»³ÇÀ �3�÷Âø¿ �Ý¹ÀÀé¸ûÀ»À �õÁ¡°Ã½°Åâ± �§ÀÏÇ©¿ �5�w�t�.�%� �N�a�f�i�o�n�(� �s�o�l�u�t�i�o�n�(�A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�)�»À �üÀØ±¥Çé¸¡¿ �×º¸ÀÎ· �¥ÄÏÇ´¿¸Àç¸,� �üÀØ±¡¿ �ÜÀù·ÏÇÂ´ �N�a�f�i�o�n�(� �s�o�l�u�t�i�o�n�ÇÀ �ë¿Å¸Î· �ç»ë¿Èµ �i�s�o�p�r�o�p�y�l� �a�l�c�o�h�o�l�ú° �°¹»À �¦ÁÅ°ÏÇâ± �§ÀÏÇ©¿ �8�0�(�C�¡¿­¼ �2�Ã½£°¿µÈ¾ �Ç°¶ÁÃ½×ÄÙ´.� �üÀ³Ã®¸Èµ �·¸ú° �5�c�m�2�¸ÀÎ· �¦ÁÛÀÈµ �üÀØ±»À �1�2�0�(�C�,� �1�2�0�a�t�m�¸ÀÎ· �3�Ðº£° �h�o�t� �p�r�e�s�s�i�n�g�ÏÇ©¿ �M�&�E� �a�s�s�e�m�b�l�y�¦¸ �¦ÁÛÀÏÇ´¿Ù´.�


� � �øÃ¤ÁåÀ¡ÄÂ´ �F�i�g�.� �1�.�ú° �°°ÌÀ �â±¼Ã �¥ÈÕÇÎº,� �¡°À½åÀ¡Ä,� �Ü´§À¿¼,� �üÀù·ø°Þ±åÀ¡Ä �×¹ �è¹âÃâ±¼Ã �Ðº®¼åÀ¡ÄÎ· �¸±º¼ÈµÙ´.� �¢° �â±¼ÃÂ´ �m�a�s�s� �f�l�o�w� �c�o�n�t�r�o�l�l�e�r�(�T�e�l�e�d�y�n�e� �H�a�s�t�i�n�g�s�-�R�a�y�d�i�s�t� �C�o�.�)�¡¿ �ÇÀØÇ �¯À®·ÌÀ �¶ÁýÀÇµé¸­¼ �¥ÈÕÇÃ½°ÅÔ° �ÈµÙ´.� �Ü´§À¿¼Î·ÇÀ �üÀÚÀÇÀ �ø°Þ±ú° �¦ÁÅ°Â´ �B�a�t�t�e�r�y� �c�h�a�r�g�e�-�d�i�s�c�h�a�r�g�e� �t�e�s�t�e�r�(�I�M�A�C�E� �e�n�g�i�n�e�e�r�i�n�g� �C�o�.�)�¦¸ �ç»ë¿ÏÇ´¿¸Àç¸,� �ÌÀ§¶ �b�a�t�t�e�r�y� �t�e�s�t�e�r�¡¿ �¬¿á°Èµ �I�B�M�-�P�C�¦¸ �ÌÀë¿ÏÇ©¿ �üÀù·-�üÀÐ¾¯Æº¼»À �øÃ¤ÁÏÇ´¿Ù´.� �è¹âÃÎº¡¿Â´ �b�a�c�k� �p�r�e�s�s�u�r�e� �r�e�g�u�l�a�t�o�r�(�4�4�-�2�3�0�0�,� �T�e�s�c�o�m� �C�o�.�)�¦¸ �¬¿á°ÏÇ©¿ �µµÔÀâ±¼ÃÇÀ �Ð¾Â·»À �¶ÁýÀÏÇ´¿¸Àç¸,� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�(�6�8�0�A�,� �µ¿ÎÀú°ÐÇ)�¦¸ �o�n�-�l�i�n�e�Ã½ÑÄ­¼ �ý»º¼ö¼Ò¼ÇÀ �ø¼µµ¦¸ �®ÈÎÀÏÇ´¿Ù´.� �


�


��� �E�M�B�E�D� �C�D�r�a�w�5� � �������


�F�i�g�.� �1�.� � �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �g�a�s� �s�e�p�a�r�a�t�i�o�n� �s�y�s�t�e�m�.�


�


�


�á°ú° �×¹ �äÅÇÀ


� � �F�i�g�.� �2�.�Â´ �üÀù·Ð¹µµÍ¿ �ý»º¼ö¼Ò¼ÇÀ �ø¼µµ¦¸ �ª³¸Å½³ �Í°ÌÀÙ´.� �üÀù·Ð¹µµ¡° �õÁ¡°ÒÇö¼Ï· �ý»º¼ö¼µµÇÀ �ø¼µµÂ´ �õÁ¡°ÏÇÂ´ �æ°âÇ»À �ª³¸Å»³ç¸,� �î¿üÀ¶ÁÇ° �7�0�(�C�,� �1�a�t�m�ÏÀ§¶,� �üÀù·Ð¹µµ �9�0�0� �m�A�/�c�m�2�¡¿­¼ �9�9�.�7�8�%�ÇÀ �ø¼µµ¦¸ �¸º´¿Ù´.� �ÌÀÂ´ �ç¾ÌÀÂ¿³±¯È·¸»À �ëÅÏÇ©¿ �ø¼ö¼ÑÇ �ö¼Ò¼ÌÀÂ¿¸¸ÌÀ �üÀÞ´ÇµÂ´ �Í°ÌÀ �Æ¾Ï´ó¶,� �Ì¹®·ÇÀ �úÁÒ¼¡° �õÅú°Çµâ± �§¶®¹ÌÀÙ´.�


��� �E�M�B�E�D� �J�S�S�P�W�G�R�A�P�H�I�C� � �������


�F�i�g�.� �2�.� � �P�r�o�d�u�c�t� �p�u�r�i�t�y� �v�s�.� �c�u�r�r�e�n�t� �d�e�n�s�i�t�y�(�7�0�(�C�,� �3�a�t�m�)�.�


�


� � �F�i�g�.� �3�.�ºÀ �üÀù·Ð¹µµÍ¿ �Ðº®¸Èµ �ö¼Ò¼®· �×¹ �úÁÒ¼ÇÀ �õÅú°®·»À �ª³¸Å½³ �Í°ÌÀÙ´.� �üÀù·Ð¹µµ¡° �õÁ¡°ÏÇÔ° �Çµé¸ �üÀâ±­ÈÐÇûÀ �Ý¹ÀÀ¡¿ �ÇÀØÇ �Ðº®¸Çµî¾ �½ÀØ±¡¿­¼ �ß¹ý»ÇµÂ´ �ö¼Ò¼®·ºÀ �±¼üÇûÀ¸ÀÎ· �õÁ¡°ÏÇÔ° �ÇµöÁ¸¸ �úÁÒ¼Â´ �üÀù·Ð¹µµ¡¿ �«¹ü°ÏÇÔ° �ÏÀ¤Á®·ÌÀ �õÅú°ÏÇÔ° �ÈµÙ´.� �ûµó¶­¼ �üÀù·Ð¹µµ¡° �õÁ¡°ÒÇö¼Ï· �ö¼Ò¼ÇÀ �ß¹ý»®·ºÀ �õÁ¡°öÁ¸¸ �úÁÒ¼õÅú°®·ºÀ �ÏÀ¤ÁÏÇÔ° �ÇµÇ¹Î· �ô³ºÀ �üÀù·Ð¹µµ¡¿­¼ �ÏÀ¤Á®·ÇÀ �úÁÒ¼¡¿ �ë´ÑÇ �ö¼Ò¼ÇÀ �ß¹ý»®·ÌÀ �ó»ë´ûÀ¸ÀÎ· �õÁ¡°ÏÇÔ° �ÇµÇ¹Î· �ô³ºÀ �ø¼µµ¦¸ �ª³¸Å½³Ù´.�


��� �E�M�B�E�D� �J�S�S�P�W�G�R�A�P�H�I�C� � �������


�F�i�g�.� �3�.� � �H�2�,� �N�2� �f�l�u�x� �v�s�.� �c�u�r�r�e�n�t� �d�e�n�s�i�t�y�(�7�0�(�C�,� �3�a�t�m�)�.�


�


��� �E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c� � �������


�F�i�g�.� �4�.� � �N�i�t�r�o�g�e�n� �f�l�u�x� �v�s�.� �c�u�r�r�e�n�t� �d�e�n�s�i�t�y�(�7�0�(�C�)�.�


� � �F�i�g�.� �4�.�Â´ �üÀâ±¦¸ �ÖÁöÁ �Ê¾ºÀ �ó»ÂÅ¡¿­¼ �Ð¾Â·¡¿ �ûµ¥¸ �úÁÒ¼ÇÀ �õÅú°®·»À �ª³¸Å½³ �Í°ÌÀÙ´.� �·¸»À �¡°À½ÏÇ´¿»À �§¶Â´ �Ð¾Â·ÌÀ �õÁ¡°ÔÇ¡¿ �ûµó¶ �úÁÒ¼ÇÀ �õÅú°®·ÌÀ �õÁ¡°ÏÇÂ´ �æ°âÇ»À �ª³¸Å½³Ù´.� �×±¸·öÁ¸¸ �·¸ÌÀ �Ç°¶ÁÑÇ �ó»ÂÅ¡¿­¼Â´ �·¸ç¾Ü´ÇÀ �Ð¾Â·÷Â¦¸ �4�a�t�m�î±öÁ �õÁ¡°Ã½ÑÄµµ �·¸»À �ëÅÏÇ©¿ �úÁÒ¼¡° �õÅú°ÇµöÁ �Ê¾Â´Ù´.� � �ïÁ,� �·¸ÌÀ �¡°À½Çµú¾»À �æ°ì¿¡¿¸¸ �Òºø¼°¹ÎÀ �úÁÒ¼¡° �õÅú°ÏÇÔ° �ÈµÙ´.�


�


�üÂí°®¹åÇ


�1�.� �W�i�n�n�i�c�k�,� �J�.� �:� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� �P�r�o�c�e�s�s�,� �8�6�(�1�)�,�4�1�(�1�9�9�0�)�.�


�2�.� �R�o�u�s�s�e�a�u�,� �R�.�W�.�,� �“�H�a�n�d�b�o�o�k� �o�f� �S�e�p�a�r�a�t�i�o�n� �P�r�o�c�e�s�s� �T�e�c�h�n�o�l�o�g�y�”�,� �W�i�l�e�y�,� �N�.�Y�.�,� �1�9�8�7�.�


�3�.� �S�e�d�l�a�k�,� �J�.�M�.�,� �A�u�s�t�i�n�,� �J�.�F�.� �a�n�d� �L�a�C�o�n�t�i�,� �A�.�B�.� �:� �I�n�t�.� �J�.� �H�y�d�r�o�g�e�n� �E�n�e�r�g�y�,� �6�,� �4�5�(�1�9�8�1�)�.�


�4�.� �Z�e�m�p�a�c�h�i� �O�g�u�m�i�,� �T�o�h�r�u� �K�u�r�o�e� �a�n�d� �Z�e�n�-�i�c�h�i�r�o� �T�a�k�e�h�a�r�a� �:� �J�.� �o�f� �E�l�e�c�t�r�o�c�h�e�m�i�c�a�l� �S�o�c�.�,� � � � �


� � �1�3�2�,� �2�6�0�1�(�1�9�8�4�)�.� � �


�


