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Ä¤¼¼ÊõÔÚ´¦ÀíÔìÖ½ºÚÒºÎÛÈ¾ÖÐµÄÓ¦ÓÃ

Ñ¦½¨¾ü ¡¡ºÎæ³æÃ ¡¡µÒ ¡¡Í¦

(ÄÏ¾©º½¿Õº½Ìì´óÑ§ Ó¦»¯Ïµ, ÄÏ¾©210016)

Õª ¡¡Òª : ÑÐ¾¿ÓÃMAE (membrane2assisted electrolysis) µ¥ÑôÄ¤¼¼Êõ¿ØÖÆÔìÖ½ºÚÒºµÄÎÛÈ¾,Ì½ÌÖÁË

ÕâÖÖÄ¤¼¼Êõ´ÓÔìÖ½ºÚÒºÖÐ»ØÊÕÇâÑõ»¯ÄÆµÈÓÐÓÃ»¯Ñ§Æ·µÄÍ¾¾¶;ºÚÒºÖÐ´óÁ¿´æÔÚµÄ¹è,¶ÔÀë×Ó½»

»»Ä¤¿ÉÄÜ²úÉúµÄÓ°Ïì;ºÚÒºÎÛÈ¾¿ØÖÆµÄ¿ÉÐÐÐÔºÍ¿ØÖÆµÄ³Ì¶È. ÑÐ¾¿±íÃ÷:MAE µ¥ÑôÄ¤¼¼Êõ²»µ«

ÄÜ»ØÊÕÓÐÓÃµÄ»¯Ñ§Æ·,»¹¿É½«ºÚÒºµÄCODCrÖµ´Ó112 000 mg/ L ´¦ÖÃµ½2 000 mg/ L ×óÓÒ,¾ßÓÐ

Ã÷ÏÔµÄ¿ØÖÆÐ§¹û.

¹Ø¼ü´Ê: µ¥ÑôÄ¤¼¼Êõ; ÔìÖ½ºÚÒº; ÎÛÈ¾¿ØÖÆ; »¯Ñ§Æ·»ØÊÕ

ÖÐÍ¼·ÖÀàºÅ: X730 ¡¡¡¡ÎÄÏ×±êÊ¶Âë : A

¡¡¡¡ÔìÖ½¹¤ÒµÊÇÎÒ¹ú¹úÃñ¾­¼ÃµÄÖ§Öù²úÒµÖ®Ò»,Ò²

ÊÇÍ¶×Ê´ó ¡¢ÄÜºÄ¸ß¡¢ÎÛÈ¾ÑÏÖØµÄÐÐÒµ[1 ] . ÓÉÓÚÎÒ¹úÁÖ

Òµ×ÊÔ´µÄÏÞÖÆ(É­ÁÖ¸²¸ÇÂÊÔ¼Õ¼16. 55 %) ºÍ±£»¤Éú

Ì¬»·¾³µÄÒªÇó,É­ÁÖ²É·¥Á¿Î®Ëõ½Ï´ó,ÖÆ½¬ÔìÖ½ÓÃÄ¾

²ÄÏËÎ¬Ô­ÁÏÀ´Ô´Æ«ÉÙ. Òò´Ë,ÔÚÎÒ¹úÔìÖ½¹¤ÒµÖÐ´óÁ¿

Ê¹ÓÃµ¾Âó²Ý¡¢̧ÊÕáÔü¡¢Â«Î­¼°Öñ×ÓµÈ·ÇÄ¾²ÄÏËÎ¬µÄÔ­

ÁÏ ,ÕâÐ©¾ùÎª¿ÉÔÙÉúÏËÎ¬×ÊÔ´,ÇÒÀ´Ô´¹ã,ÆäÖÐµ¾Âó

²ÝÀàÊÇÒ»ÖÖ¾ßÓÐ´ú±íÐÔµÄ¶øÓÖÊÇÒ»ÄêÉúµÄÓÅÁ¼µÄ·Ç

Ä¾²ÄÏËÎ¬Ô­ÁÏ,·ÇÄ¾²ÄÖ½½¬²úÁ¿Ô¼Õ¼È«¹úÖÆ½¬×Ü²ú

Á¿µÄ50 %[2 ] .

MAE ¼¼Êõ[3 ] ÊÇÄ¤·ÖÀë¼¼ÊõµÄÒ»ÖÖ,¿ÉÓÃÓÚÓÐ

»úºÏ³É ¡¢²úÆ·´¿»¯ ¡¢·ÏË®´¦ÀíµÈ·½Ãæ ,Æä¹¤×÷Ô­ÀíÊÇ

ÀûÓÃÀë×Ó½»»»Ä¤µÄÑ¡ÔñÍ¸¹ýÐÔºÍÖ±Á÷µç³¡µÄ¹²Í¬×÷

ÓÃ,À´ÊµÏÖ·ÖÀëµÈ¹¦ÄÜ. ±¾ÎÄÌÖÂÛMAE ¼¼ÊõÔÚÔìÖ½

ºÚÒºµÄ´¦ÀíÊ±,Ê×´ÎÑÐ¾¿²ÉÓÃµ¥ÑôÄ¤µÄ¼¼ÊõÄ£Ê½(¹¤

×÷Ô­ÀíÊ¾ÒâÍ¼¼ûÍ¼1) À´´¦ÀíºÚÒº ,ÆäÄ¿µÄÊÇÓÐÀûÓÚ

ºÚÒºÖÐ²ÐÁô¼î¼°ÆäËü»¯Ñ§Æ·µÄ»ØÊÕ;ÓÐÀûÓÚ½µµÍÑô

¼«ÇøÁ÷³öÒºµÄCODCrÖµ,³ä·ÖÀûÓÃµ¥ÑôÄ¤µÄ¼¼ÊõÌØ

ÐÔ¿ØÖÆÔìÖ½ºÚÒº¶Ô»·¾³µÄÎÛÈ¾.

1 ¡¡ÊµÑé·½·¨ºÍ²ÄÁÏ

1. 1 ¡¡ÊµÑéÓÃºÚÒº

±¾ÑÐ¾¿ËùÓÃºÚÒºÈ¡ÖÁÓÚ½­ËÕÐÂ´óÖ½Òµ¼¯ÍÅµÄ¼î

·¨Âó²ÝÖÆ½¬ºÚÒº. ÆäÖ÷ÒªÀí»¯ÐÔÖÊºÍ³É·ÖÁÐÓÚ±í1.

±í 1 ¡¡ºÚÒºÖ÷ÒªÐÔÖÊ
Table 1¡¡ Theprimary quality of black liquid

×Ü¹ÌÐÎ
Îï / %

×Ü¼î¶È
/ (g¡¤L - 1)

Ïà¶Ô
ÃÜ¶È

p H Öµ
×ÜÄ¾ÖÊËØ
/ (g¡¤L - 1)

ð¤¶È
/ (mPa¡¤s)

33. 62 59. 27 1. 19 11. 98 129. 9 76. 5

1. 2 ¡¡ÊµÑéÓÃ²ÄÁÏ

1. 2. 1 ¡¡µç¼«²ÄÁÏ

±¾ÑÐ¾¿ËùÓÃÑô¼«²ÄÁÏÊÇ×ÔÐÐ¼Ó¹¤µÄº¬îÑÑô¼«
(ÎªÑô¼«1 # ) ¼°×ÔÐÐÑÐÖÆµÄ»î»¯ Ì¿Ñô¼«( ÎªÑô¼«

2 # ) ;Òõ¼«²ÄÁÏÎª·óÍ­Íø°å .

1. 2. 2 ¡¡Àë×Ó½»»»Ä¤

Ñ¡ÓÃÉÏº£»¯¹¤³§µÄ¾ÛÒÒÏ©ÒìÏàÑôÀë×Ó½»»»Ä¤.

1. 2. 3 ¡¡MAE ÊµÑé×°ÖÃ

ÊµÑéÊÒÓÃMAE µÄµ¥ÑôÄ¤¼¼Êõ×°ÖÃÊÇ×ÔÐÐÉè

¼Æ¡¢ÖÆ×÷µÄ,Æ÷Ìå²ÄÁÏÎªÍ¸Ã÷ËÜ²Ä. ¾­¹ý´óÁ¿É¸Ñ¡Êµ

ÑéÑÐ¾¿,±¾ÑÐ¾¿ÌØÑ¡ÓÃµÚÈý´Î¸Ä½øµÄMAE µÄµ¥Ñô

Ä¤¼¼Êõ×°ÖÃ. ²¢ÅäÖ±Á÷µçÔ´.

2 ¡¡ÊµÑé½á¹ûÓë·ÖÎö

2. 1 ¡¡MAE µ¥ÑôÄ¤¼¼ÊõµÄÌØÐÔ

MAE ¼¼ÊõÔÚ´¦Àí¼î·¨ÖÆ½¬µÄºÚÒºÊ±,ÎªÓÐÀûÓÚ

»¯Ñ§Æ·µÄ»ØÊÕºÍºÚÒºÖÐÓÐ»úÎïµÄÑõ»¯·Ö½â,²ÉÓÃÁË

ÊÕ¸åÈÕÆÚ: 2003 - 12 - 18 ;ÐÞ¸Ä¸åÊÕµ½ÈÕÆÚ:2004 - 03 - 19

×÷Õß¼ò½é: Ñ¦½¨¾ü(1958 - ) , ÄÐ, ½­ËÕ¸·ÄþÏØÈË, ¹¤Ñ§²©Ê¿, ¸±½ÌÊÚ, ´ÓÊÂÓ¦ÓÃ»¯Ñ§ºÍ»·¾³±£»¤¼¼ÊõµÄ½ÌÑ§ºÍÑÐ¾¿.
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µ¥ÑôÄ¤µÄ¼¼ÊõÄ£Ê½. ºÚÒºÁ÷¾­Ñô¼«Çø,Òõ¼«Çø»ØÊÕ¿É

ÔÙÀûÓÃµÄ»¯Ñ§Æ·.

2. 1. 1 ¡¡Ñô¼«ÇøµÄÑõ»¯×÷ÓÃ

ÔÚÑô¼«ÇøÓÉÓÚÑô¼«¼°Ñô¼«²úÎïµÄ¹²Í¬×÷ÓÃ,¿É

Ö±½ÓºÍ¼ä½ÓµØÑõ»¯·Ö½âºÚÒºÖÐµÄÄ³Ð©ÓÐ»ú³É·Ö[4 ] .

ÈçÄ¾ÖÊËØÖÐµÄ·¼Ïã»·ÔÚÑô¼«Çø¿É±»Ñõ»¯¶ø´ò¿ª,ÓÐ

ÀûÓÚÄ¾ÖÊËØµÄÑõ»¯·Ö½â; Í¬Ê±ºÚÒºÖÐµÄ¶àÌÇÒ²¿É±»

Ñõ»¯·Ö½â. ½á¹û½µµÍÁËÑô¼«ÇøÁ÷³öÒºµÄCODCrÖµ. Õâ

ÓÐ±ðÓÚÆÕÍ¨µçÉøÎöµÄ´¦Àí·½·¨.

Í¼ 1 ¡¡MAE Ô­ÀíÊ¾ÒâÍ¼

Fig. 1 ¡¡ Theprinciple sketch of MAE

2. 1. 2 ¡¡Ä¤µÄ×÷ÓÃ

ÔÚÑô¼«ÇøµÄºÚÒºÖÐº¬ÓÐ²Ð¼î,Òª»ØÊÕÕâÐ©²Ð¼î,

ÔÚ¶àÄ¤µÄÌõ¼þÏÂ»ØÊÕÐ§¹û²»ÀíÏë,¶øÔÚµ¥ÑôÄ¤µÄÇé

¿öÏÂ ,¿É´ïµ½½Ï¸ßµÄ²Ð¼î»ØÊÕÂÊ.

ºÚÒºÖÐµÄ²Ð¼îÖ÷ÒªÊÇÒÔÄÆÑÎµÄÐÎÊ½´æÔÚµÄ,Ö»

Òª½«ÄÆ´ÓÑô¼«ÇøÇ¨ÒÆµ½Òõ¼«Çø¾Í¿ÉÊµÏÖ»ØÊÕ. Òò´Ë,

ÔÚÖ±Á÷µç³¡ºÍÑôÀë×Ó½»»»Ä¤µÄ×÷ÓÃÏÂ,ºÚÒºÖÐµÄÄÆ

Àë×Ó¿ÉÇ¨ÒÆµ½Òõ¼«Çø;Í¬Ê±Òõ¼«ÇøÓÉÓÚµç¼«·´Ó¦,Çâ

Àë×Ó»ñµÃµç×Ó¶ø»¹Ô­³ÉÇâÆø,µ¼ÖÂÒõ¼«ÇøÇâÑõ¸ùÀë

×ÓÉý¸ß,×îÖÕ²Ð¼îÒÔÇâÑõ»¯ÄÆµÄÐÎÊ½»ØÊÕ.

¡¡2Na+
¡¡Ñô¼«Çø,ºÚÒº

Ç¨ÒÆ
2Na+

¡¡Òõ¼«Çø
¡¡+

2H2OÒõ¼«Çø
µçÀëÆ½ºâ

2OH- + H2 ¡ü

¡¡¡¡¡¡¡¡¡¡ ¹©Á½¸öµç×Ó¡¡

¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡¡ 2NaOHÒõ¼«Çø

¿É¼û²ÉÓÃµ¥ÑôÄ¤µÄÄ¤¼¼ÊõÓ¦ÓÃÄ£Ê½,ÔÚ»ØÊÕ²Ý

½¬ºÚÒºÖÐ²Ð¼îºÍ¿ØÖÆÆäÎÛÈ¾·½Ãæ,¾ßÓÐÌØÐÔ. µ¥ÑôÄ¤

Ò»·½ÃæÆð×Å·Ö¸ôÑô¼«ÇøºÍÒõ¼«ÇøµÄ×÷ÓÃ;ÁíÒ»·½Ãæ

·Ç³£ÓÐÀûÓÚºÚÒºÖÐÄÆÀë×ÓÇ¨ÒÆµ½Òõ¼«Çø¶ø±»»ØÊÕ.

2. 1. 3 ¡¡Òõ¼«ÇøµÄ×÷ÓÃ

ÔÚÒõ¼«ÇøÓÉÓÚÒõ¼«µÄ×÷ÓÃ,Ê¹Ë®µçÀë³öµÄÇâÀë

×ÓÔÚÒõ¼«ÉÏ»ñµÃµç×Ó¶ø»¹Ô­³ÉÇâÆø,Òò´Ë,ÔÚÒõ¼«Çø

¿É»ØÊÕÇå½àµÄÄÜÔ´ ¡ª¡ª¡ªÇâ;Í¬Ê±ÒòÎªÇâÀë×ÓµÄ¼õÉÙ,

Ê¹Òõ¼«ÇøµÄÇâÑõ¸ùÀë×ÓÅ¨¶ÈÉý¸ß,¼ÓÉÏÑô¼«ÇøÇ¨ÒÆ

µÄÄÆÀë×Ó,¶øÐÎ³ÉÇâÑõ»¯ÄÆÈÜÒº±»»ØÊÕÀûÓÃ. Òò´Ë,

Òõ¼«ÇøÊÇ»¯Ñ§Æ·»ØÊÕµÄÇøÓò. Æä»¯Ñ§Æ·µÄ»ØÊÕÓëÆÕ

Í¨µçÉøÎöµÄ·½·¨ÓÐ½Ï´óµÄ²îÒì.

2. 2 ¡¡»¯Ñ§Æ·»ØÊÕ

2. 2. 1 ¡¡ÇâÑõ»¯ÄÆµÄ»ØÊÕ

ÔÚ¼î·¨ÔìÖ½ºÚÒºÖÐº¬ÓÐÒ»¶¨Á¿µÄ²Ð¼î,ÕâÐ©²Ð

¼î¶Ô»·¾³²úÉúÑÏÖØÎ£º¦. ½«²Ð¼î»ØÊÕ²»½ö¶Ô»·¾³±£

»¤ÓÐÀû,»¹¿É½µµÍÆóÒµµÄÉú²ú³É±¾.

¼î»ØÊÕÂÊµÄ´óÐ¡·´Ó³²Ý½¬ºÚÒºÖÐ¼î±»»ØÊÕµÄ³Ì

¶È,Ò²·´Ó³ MAE µÄµ¥ÑôÄ¤¼¼ÊõµÄÐ§ÄÜ¼°¸Ã¼¼ÊõÄÜ

·ñÊµ¼ÊÔËÓÃ. Òª»ñµÃ½ÏÎªÂúÒâµÄ¼î»ØÊÕÂÊ,±ØÐëÇ¿»¯

ÄÆÀë×ÓµÄµçÇ¨ÒÆ¹ý³Ì,¸Ã¹ý³ÌÓë MAE µÄµ¥ÑôÄ¤¼¼

ÊõÖÐ¶àÖÖÒòËØÓÐ¹Ø,Èçµç¼«²ÄÁÏµÄÌØÐÔ¡¢¹¤ÒÕÌõ¼þµÄ

±ä»¯ ¡¢²Ù×÷µçÑ¹ ¡¢¼«Ë®±ÈµÈÒòËØ(±¾ÎÄÖ÷ÒªÌÖÂÛÑô¼«

¼«Ë®±È¶ÔÇâÑõ»¯ÄÆ»ØÊÕµÄÓ°Ïì) . Ñô¼«¼«Ë®±ÈµÄ´óÐ¡

·´Ó³Ñô¼«ÓëÑô¼«ÒºµÄ½Ó´¥Ãæ»ý,¼«Ë®±ÈÔö´ó,Ñô¼«Óë

Ñô¼«ÒºµÄ½Ó´¥Ãæ»ýÔö´ó; ·´Ö®ÔòÐ¡. Ñô¼«¼«Ë®±ÈÔö

´ó ,Ôö¼ÓÁËÑô¼«µÄ·ÅµçÃæ»ý,ÔÚ×ÜµçÁ÷Ç¿¶È²»±äÊ±,

½µµÍÁËÑô¼«µÄµçÁ÷ÃÜ¶È,ÓÐÀûÓÚÌá¸ßµçÄÜµÄÀûÓÃÂÊ;

Í¬Ê± ,ÔÚÑô¼«¼«Ë®±ÈÌá¸ßÊ±,ÓÐÀûÓÚµ¼µçºÍµç¼«·´Ó¦

µÄ½øÐÐ,ÄÜ¼ÓËÙ¼îÐÔºÚÒºÖÐÓÐ»úËáÑÎÊÍ·ÅÄÆÀë×ÓµÄ

ÄÜÁ¦,¿ÉÇ¿»¯ÄÆÀë×ÓÏòÒõ¼«ÇøµÄµçÇ¨ÒÆ¹ý³Ì,Ôö¼Ó¼î

µÄ»ØÊÕÂÊ,Ìá¸ß MAE µ¥ÑôÄ¤¼¼ÊõµÄÊ¹ÓÃÂÊ.

ÔÚ±¾ÊµÑéÖÐ,Ñ¡ÓÃµ¥²ãÑô¼«1 # ¼°Ë«²ãÑô¼«1 # #

×÷¶Ô±ÈÊµÑé. ÔÚË«²ãÑô¼«1 # # ÖÐ,ÒòÐèÒªµ¼µç,ÓÐ²¿

·Öµç¼«±íÃæÏà»¥ÖØµþ,Òò´ËË«²ãÑô¼«1 # # µÄ±Èµç¼«

Ãæ»ý²»ÊÇµ¥²ãÑô¼«1 # ±Èµç¼«Ãæ»ýµÄÁ½±¶,µ«Ë«²ãÑô

¼«1 # # ±Èµç¼«Ãæ»ý´óÓÚµ¥²ãÑô¼«1 # . ÔÚµçÑ¹ Îª

5100 V ¡¢ÊÒÎÂ(Ô¼15 ¡æ) ¡¢¼äÐªÔËÐÐµÄÌõ¼þÏÂÊµÑé,

Í¼ 2 ¡¡Ñô¼«¼«Ë®±ÈÓë¼î»ØÊÕÂÊ

Fig. 2 ¡¡ Rate of anode effective area

and at rate of alkaline recovered

²¿·ÖÊµÑé½á¹û¼ûÍ¼2. ÓÉÍ¼2 ¿É¼û,Ìá¸ßÑô¼«¼«Ë®

±È,Ñô¼«ÓëºÚÒºµÄ½Ó´¥Ãæ»ýÔö´ó,µÄÈ·¿É¼ÓËÙÄÆÀë×Ó

µÄµçÇ¨ÒÆ,ÓÐÀûÓÚ¼îµÄ»ØÊÕ,ÌåÏÖÔÚÏà¶ÔÓ¦µÄºÚÒºÖÐ

¼îµÄ»ØÊÕÂÊµÄÌá¸ß. ´ÓÍ¼2 »¹¿É¼û,ËæÑô¼«¼«Ë®±ÈÔö
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´ó ,¿ÉÔÚ½Ï¶ÌµÄÊ±¼äÄÚ»ñµÃ½Ï¸ßµÄ¼î»ØÊÕÂÊ. ÀýÈç,

ÔÚÊµÑéÊ±¼äÎª30 min Ê±,Ñô¼«1 # µÄ¼î»ØÊÕÂÊÎª

70194 % ,¶øÑô¼«1 # # µÄ¼î»ØÊÕÂÊ¿É´ï93. 69 % ,±È

Ñô¼«1 # ¸ß³ö½ü23 ¸ö°Ù·Öµã;ÔÚ¼î»ØÊÕÊ±¼ä·½ÃæÒ²

Ëæ×Å±ä»¯,Ñô¼«1 # ÔÚÊµÑéÊ±¼äÎª60 minÊ±,¼î»ØÊÕ

ÂÊÎª 85. 66 % ,ÔÚ¼î»ØÊÕÂÊÏà½üÊ±,ÓÃÑô¼«1 # # µÄ¼î

»ØÊÕÊ±¼äËõ¶ÌÁËÒ»±¶ÒÔÉÏ. Òò´Ë,Ôö¼ÓÑô¼«¼«Ë®±È¶Ô

²Ý½¬ºÚÒºµÄ¼î»ØÊÕÊÇ¼«ÎªÓÐÀû. ÁíÍâ ,´ÓÍ¼2 ¼î»ØÊÕ

ÂÊÍ¼ÐÎ¿É¿´³ö¼î»ØÊÕÓëÊ±¼ä±ä»¯ÓÐÒ»¹Õµã,Õâ´ÓÑô

¼«¼«Ë®±È±ä»¯µÄ½Ç¶ÈËµÃ÷¼î»ØÊÕÂÊÓÐ×î¼ÑÊ±¼ä¶Î.

2. 2. 2 ¡¡ÇâÆøµÄ»ØÊÕ

ÇâÆøÊÇÒ»ÖÖ·¢ÈÈÖµ¸ß¡¢ÎÞ¶¾¡¢ÎÞÎÛÈ¾¡¢Çå½àµÄÄÜ

Ô´ ,ÔÚ»¯¹¤ ¡¢ÓÐ»ú»¯ºÏÎïµÄºÏ³ÉºÍ¼Ó¹¤¡¢ÖÆÈ¡µ¥ÖÊµÈ

·½ÃæÓÐ×Å·Ç³£¹ã·ºµÄÓ¦ÓÃ. ¶øÔÚMAE µ¥ÑôÄ¤¼¼Êõ

»ØÊÕÄÆÀë×ÓÖÐ,ÆäÒõ¼«µÄ·Åµç·´Ó¦¾ÍÊÇÎöÇâ,Èç¹û½«

Æä¼ÓÒÔ»ØÊÕÀûÓÃ,Ìá¸ßÁË MAE µ¥ÑôÄ¤¼¼Êõ»ØÊÕºÚ

ÒºÖÐ¼îµÄÐ§Òæ,¶øÇÒÔö¼ÓÁËÒ»ÖÖÐÂµÄ¸±²úÆ·.

ÔÚMAE µ¥ÑôÄ¤¼¼ÊõµÄÒõ¼«Çø,ÄÜ·ÅµçµÄÓÐ

Na+»ò H + Á½ÖÖÑôÀë×Ó,µ«ÓÉÓÚNa+ µÄÎö³öµç¼«µç

ÊÆ½ÏH + Îö³öµç¼«µçÊÆÎªµÍ,Òò´Ë,ÔÚÒõ¼«Çø²ÎÓëµç

¼«·Åµç·´Ó¦µÄÖ»ÓÐH + . H + ÔÚÒõ¼«ÉÏ½«·¢ÉúµÄµç¼«

·´Ó¦¿ÉÄÜ°üÀ¨ÒÔÏÂ3 ÖÖ²½Öè(Ê½ÖÐM ´ú±í½ðÊôµç

¼«) :

(1) µç»¯Ñ§²½Öè

¡¡¡¡ H2O + e- M ¡­ H (Îü¸½µÄÇâÔ­×Ó) + OH -

(2) ¸´ºÏµÄÍÑ¸½²½Öè

¡¡¡¡ M ¡­ H + M ¡­ H H2

(3) µç»¯Ñ§ÍÑ¸½²½Öè

¡¡¡¡ H2O + M ¡­ H + e- H2 + OH -

Í¨³£ ,ÈËÃÇÏ°¹ßÓÃÏÂÊ½±íÊ¾

2H2O + 2e- H2 ¡ü+ 2OH-

ÎªÊ¹Òõ¼«·Åµç·´Ó¦ÄÜË³Àû½øÐÐ,±¾ÑÐ¾¿Ñ¡ÓÃ¼Û

¸ñÏà¶Ô½ÏµÍµÄÍ­µç¼«(ÔÚ¼îÐÔÌõ¼þÏÂ,ÇâÔÚÍ­µç¼«ÉÏ

Òõ¼«Îö³öÊ±,Ëþ·Æ¶û¹«Ê½ÖÐ³£Êýa ºÍ b µÄÊýÖµ·Ö±ð

Îª 0. 96ºÍ 0. 12 ,Í­µç¼«ÊôÖÐ³¬µçÊÆµÄµç¼«²ÄÁÏ;Í¬

ÑùÌúµç¼«Ò²ÊôÓÚÖÐ³¬µçÊÆµÄµç¼«²ÄÁÏ,ÔÚ¼îÐÔÌõ¼þ

ÏÂ ,Ëþ·Æ¶û¹«Ê½ÖÐ³£Êýa ºÍ b µÄÊýÖµ·Ö±ðÎª0. 76ºÍ

0. 11 ,ÆäÐÔÄÜÂÔÓÅÓÚÍ­µç¼«,µ«ÓÉÓÚÌúµç¼«²úÉú¸¯Ê´

ºóµÄÌúÐâ,¼«Ò×ÎÛÈ¾MAE µ¥ÑôÄ¤×°ÖÃ,ÓÈÆäÊÇ¶ÔÀë

×Ó½»»»Ä¤µÄÎÛÈ¾¼«ÎªÑÏÖØ,¹ÊÑ¡ÓÃÍ­µç¼«Îª MAE

µ¥ÑôÄ¤µÄÒõ¼«) ;Í¬Ê±ÎªÁËÄÜ½µµÍµçÁ÷ÃÜ¶È(µçÁ÷ÃÜ

¶ÈµÍÊ±ÄÜ½µµÍÇâµÄÎö³öµçÊÆ,ÓÐÀûÓÚÇâµÄÎö³ö) ½«Í­

µç¼«²¿·Ö¼Ó¹¤³ÉÍø×´½á¹¹.

Í¼ 3 ÎªÁ½ÖÖ¹¤ÒÕÌõ¼þ(Çø±ðÔÚÓÚÑô¼«ÇøµÄ½Á°è

×´Ì¬ ,¹¤ÒÕÌõ¼þ1 ÎÞ½Á°è¡¢¹¤ÒÕÌõ¼þ2 ÓÐ½Á°è,ÆäËü

ÊµÑéÌõ¼þ¾ùÏàÍ¬) Ê±,²¿·ÖÊµÑéÇâÆøÊÕÖµ(»ØÊÕÃ¿¶Ö

ÇâÑõ»¯ÄÆÊ±ÇâÆø»ØÊÕÖµ,L/ t ) ÓëÊ±¼ä µÄ¹ØÏµ. ½á¹û

±íÃ÷:ÇâÆø»ØÊÕÁ¿ÓÚMAE µ¥ÑôÄ¤µÄ²Ù×÷Ìõ¼þÓÐ¹Ø,

ÓÐ½Á°èÊ±Í¨¹ýµ¥ÑôÄ¤×°ÖÃµÄµçÁ÷ÖµÏà¶Ô½Ï´ó,ÓÐÀû

ÓÚÒõ¼«ÉÏH + ·Åµç ,Éú³ÉÇâÆøµÄÁ¿,Ò²Ëæ×ÅÔö´ó. Òò

´Ë ,²Ù×÷Ìõ¼þµÄ¸Ä±ä,¶ÔÇâÆøµÄ»ØÊÕÓÐÒ»¶¨µÄÓ°Ïì.

Í¼ 3 ¡¡ÇâÆø»ØÊÕÓëÊ±¼ä¼°¹¤ÒÕÌõ¼þµÄ¹ØÏµ

Fig. 3 ¡¡ Relationship of hydrogen recovery - time

and technical conditions

2. 3 ¡¡Ñô¼«Á÷³öÒºµÄCODCrµÄ±ä»¯

ÓÉÓÚMAE µ¥ÑôÄ¤¼¼ÊõµÄÑô¼«ÇøÄÚÔ­ºÚÒºÖÐµÄ

»¹Ô­ÐÔÎïÖÊµÄÑõ»¯×÷ÓÃ,Ê¹Ñô¼«ÇøÁ÷³öÒºËùº¬¿É½µ

½âµÄÓÐ»úÎïÁ¿¼±¾çÏÂ½µ,µ¼ÖÂÁ÷³öÒºµÄCODCrÖµÒ²

¼±¾ç½µµÍ,Õâ¶ÔÉúÌ¬»·¾³µÄ±£»¤ÊÇ·Ç³£ÓÐÀûµÄ.

±í 2 ÁÐ³öÔÚ²Ù×÷µçÑ¹Îª5. 00 V ,²»Í¬µç¼«Ê±,

Ñô¼«Á÷³öÒºµÄCODCrÖµ.

±í 2 ¡¡CODCrÊýÖµ±í

Table 2¡¡Numerical table of CODCr

Ãû ¡¡³Æ ºÚÒº µç¼«1 # µç¼«2 #

CODCrÖµ/ (mg¡¤L - 1) 112 000 2 510 2 000

´Ó±í 2 ÖÐÊý¾Ý¿É¿´³ö:¾­¹ý MAE µ¥ÑôÄ¤¼¼Êõ

×°ÖÃ´¦ÀíºóÁ÷³öÒºµÄCODCrÖµÓÐÃ÷ÏÔÏÂ½µ;²»Í¬µç

¼«²ÄÁÏ¶ÔÁ÷³öÒºµÄCODCrÖµÓÐÒ»¶¨µÄÓ°Ïì,ÇÒÑô¼«

2 #µÄ µç »¯ Ñ§ Ñõ »¯ ×÷ ÓÃ ÓÅ ÓÚ Ñô ¼«1 # . Á÷ ³ö Òº µÄ

CODCrÖµ´Ó³õÊ¼µÄ112 000 mg/ L ×îµÍ¿É½µÖÁ2 000

mg/ L ×óÓÒ,ÏÂ½µÁË95 %ÒÔÉÏ;Í¬Ê±Á÷³öÒºÒ×·¢ÉúÃ¹

±ä ,ÓÐÀûÓÚÁ÷³öÒºµÄÉú»¯½µ½â. ´ËÍâ ,Ò²½«Á÷³öÒººÏ

²¢ÈëÔìÖ½ÖÐ¶Î·ÏË®½øÐÐ´¦Àí,´Ó¶ø×î´ó³Ì¶È½µµÍÁË

ºÚÒºµÄÎÛÈ¾,¼ò»¯ÁËÔìÖ½·ÏË®´¦ÀíµÄ¹¤ÒÕ,½µµÍÁËÔì

Ö½·ÏË®µÄ´¦Àí³É±¾. ´Ó»·±£ºÍ¾­¼Ã½Ç¶È,¾ùËµÃ÷ÁË

MAE µ¥ÑôÄ¤¼¼Êõ´¦Àí²Ý½¬ºÚÒºÊÇ¿ÉÈ¡µÄ.
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2. 4 ¡¡Àë×Ó½»»»Ä¤Ê¹ÓÃÇé¿ö·ÖÎö

2. 4. 1 ¡¡Ä¤µÄÐÔÄÜ

ÔÚMAE µ¥ÑôÄ¤¼¼Êõ´¦Àí²Ý½¬ºÚÒºÖÐ,Àë×Ó½»

»»Ä¤µÄ×÷ÓÃÎª:Ò»ÊÇ·Ö¸ôÑô¼«ÇøµÄ²Ý½¬ºÚÒººÍÒõ¼«

ÇøµÄ»ØÊÕ¼îÒº;¶þÊÇÑô¼«ÇøµÄÄÆÀë×ÓÍ¨¹ýÀë×Ó½»»»

Ä¤µÄÀë×Ó½»»»¶øÇ¨ÈëÒõ¼«Çø,ÒÔÊµÏÖÄÆÀë×ÓµÄ»ØÊÕ.

Òò´Ë,Àë×Ó½»»»Ä¤ÊÇMAE µ¥ÑôÄ¤¼¼ÊõµÄÒ»¸öÖØÒª

×é³É²¿·Ö ,ÆäÐÔÄÜµÄÓÅÁÓ¶ÔÄÆÀë×ÓµÄµçÇ¨ÒÆÓÐºÜ´ó

µÄÓ°Ïì . ÓÉÓÚÌõ¼þµÄÏÞÖÆ,¹ØÓÚÀë×Ó½»»»Ä¤ÐÔÄÜ¼°Æä

¶Ô¼î»ØÊÕÂÊµÄÓ°ÏìµÈÓÐ´ý½øÒ»²½ÑÐ¾¿.

±¾ÑÐ¾¿Ê¹ÓÃµÄÀë×Ó½»»»Ä¤,ÔÚÊµÑéÔËÐÐÔ¼1 200

h ºó ,ÉÐÎ´¹Û²ìµ½Àë×Ó½»»»Ä¤ÐÔÄÜÏÂ½µµÄÏÖÏó. ±¾ÑÐ

¾¿Ö÷ÒªÊÇ¹Û²ìÍ¨¹ýMAE µ¥ÑôÄ¤×°ÖÃµÄµçÁ÷±ä»¯,

ÔÚÏàÍ¬µÄÊµÑéÌõ¼þÏÂ,Àë×Ó½»»»Ä¤ÔÚÊ¹ÓÃ1 200 h

Ç°ºó ,Í¨¹ýµÄµçÁ÷Ã»ÓÐ¶àÉÙ²îÒì. ¶øµçÁ÷µÄ´óÐ¡¿É·´

Ó³µ¼µçÁ£×Ó¼´ÄÆÀë×ÓÄÜ·ñË³ÀûµØ´ÓÑô¼«ÇøÇ¨ÒÆÈëÒõ

¼«Çø,Èç¹ûµçÁ÷Ã»ÓÐ²îÒì,ËµÃ÷ÄÆÀë×ÓµÄµçÇ¨ÒÆË³

³© ,Àë×Ó½»»»Ä¤µÄµçÇ¨ÒÆ×èÁ¦Ã»ÓÐ±ä»¯,Õâ¿É´ÓÒ»¸ö

²àÃæ·´Ó³³öÀë×Ó½»»»Ä¤µÄÐÔÄÜÃ»ÓÐÃ÷ÏÔ¸Ä±ä,ÔòÀë×Ó

½»»»Ä¤Ê¹ÓÃÇé¿öÁ¼ºÃ. Í¼ 4 Îª MAE µ¥ÑôÄ¤¼¼ÊõËùÓÃ

ÑôÀë×Ó½»»»Ä¤Ê¹ÓÃÇ°ºóµÄµç×ÓÉ¨Ãèµç¾µ±íÃæÍ¼.

Í¼ 4 ¡¡Ê¹ÓÃÇ° ¡¢ºóÑôÀë×Ó½»»»Ä¤µÄµç×ÓÉ¨Ãèµç¾µÍ¼

Fig. 4 ¡¡SEM pictures of cation2exchange membrane

used before and after

´ÓÍ¼4 ¿É¿´³ö ,Ê¹ÓÃºóÀë×Ó½»»»Ä¤±íÃæÓÐ½ÏÎª

Ã÷ÏÔ¡°ÆÆËð¡±,Õâ¿ÉÄÜÊÇÓÉÓÚÑô¼«ÇøÄÚÒºÌåµÄp H Öµ

±ä»¯·¶Î§½Ï´ó ,´ÓÆðÊ¼²Ý½¬ºÚÒºµÄp H ÖµÎª 12. 00 ,

±ä»¯µ½Á÷³öÒºµÄp H ÖµÔ¼3. 00 ,Õâ¼¸ºõ´ÓÇ¿¼îÌõ¼þ

±ä»¯µ½Ç¿ËáÌõ¼þ,¶ÔÀë×Ó½»»»Ä¤Í¿¸²µÄÓÐ»ú²ÄÁÏ²ú

ÉúÁËÑÏÖØµÄ¡°̧ ¯Ê´¡±×÷ÓÃ,µ«ÉÐÎ´Ó°Ïìµ½Àë×Ó½»»»Ä¤

µÄÊ¹ÓÃ.

2. 4. 2 ¡¡Àë×Ó½»»»Ä¤¡°¹è¶Â¡±ÏÖÏó·ÖÎö

¸ù¾ÝÑÐ¾¿×ÊÁÏ±¨µÀ[1 ] :ÔÚµçÉøÎö´¦ÀíÔìÖ½ºÚÒº

Ê±,Ê¹ÓÃµÄÀë×Ó½»»»Ä¤ÈÝÒ×±»ÎÛÈ¾( Ôò³öÏÖÄ¤¶ÂÈû

ÏÖÏó ) ,ÒýÆðµçÉøÎöÆ÷¹¤×÷ÔËÐÐ²»ÎÈ¶¨ ¡¢µçÄÜÏûºÄÉÏ

Éý¡¢Éè±¸Ê¹ÓÃÖÜÆÚÏÂ½µµÈ²»ÀûÒòËØµÄ²úÉú. ÕâÖÖÏÖÏó

ÈÏÎªÊÇ¡°¹è¶Â¡±,ÔòÊÇºÚÒºÖÐµÄ¹èËáÑÎÒòp H ÖµÏÂ½µ

¶ø×ª±äÎª¹èËáÎö³ö ,ÒýÆðÀë×Ó½»»»Ä¤¶ÂÈû,Ó°ÏìÀë×Ó

½»»»Ä¤µÄÕý³£Ê¹ÓÃ.

±¾ÎÄ³ýÍ¨¹ýµç×ÓÏÔÎ¢¾µ¹Û²ìÆäÓÐÎÞ¡°¹è¶Â¡±ÏÖÏó

ÍâÓÖ¶ÔÊ¹ÓÃÇ°ºóÀë×Ó½»»»Ä¤µÄ¹èº¬Á¿½øÐÐÁË·ÖÎö.

±í 3 ÎªÄ¤µÄ¹èº¬Á¿·ÖÎö±í .

±í 3 ¡¡Ä¤µÄ¹èº¬Á¿·ÖÎö±í 3

Table 3¡¡Concentration analysis of silicon in membrane

Ê¹ÓÃÇ° Ê¹ÓÃºó

w (¹è ) / % 0. 016 0. 024

¡¡ 3 Êý¾ÝÏµÎ¯ÍÐµØÖÊ¿ó²ú²¿ÄÏ¾©×ÛºÏÑÒ¿ó²âÊÔÖÐÐÄ²âÊÔ.

±í 3 Êý¾ÝËµÃ÷,ÔÚ±¾ÑÐ¾¿µÄÊµÑéÌõ¼þÏÂÀë×Ó½»

»»Ä¤Ê¹ÓÃ1 200 hºó ,Ä¤ÖÐ¹èº¬Á¿ËäÓÐÎ¢Á¿Ôö¼Ó,µ«

ÉÐÎ´´ïµ½Ó°ÏìÀë×Ó½»»»Ä¤ÐÔÄÜµÄ³Ì¶È. Àë×Ó½»»»Ä¤

Ê¹ÓÃÒ»¶ÎÊ±¼äºó,ÆäÐÔÄÜÊÇ·ñÓÐËùÏÂ½µ,ÒÔ¼°¿ÉÄÜÔì

³ÉÏÂ½µµÄÔ­ÒòÓÐ´ý¸ü³¤Ê±¼äµÄÔËÐÐ¿¼Ñé.

¹ØÓÚ¡°¹è¶Â¡±ÏÖÏó,Óë¹èËáÎö³öÐÎÊ½ÓÐ¹Ø. ÓÉÓÚ²Ý

½¬ºÚÒºÖÐ¹èËáµÄÎö³öÊÇËæp H ÖµµÄÏÂ½µ¶ø²úÉúµÄ,

¶øÔÚMAE µ¥ÑôÄ¤µÄÑô¼«Çø,Ñô¼«±íÃæµÄp H ÖµÒò·¢

Éúµç¼«·´Ó¦(ÎöÑõ·´Ó¦ ) ¶ø´¦ÓÚ×îµÍË®Æ½,Ò²¾ÍÊÇËµ

¹èËáÓ¦ÔÚµç¼«±íÃæÎö³ö. ÔÚMAE µ¥ÑôÄ¤ÖÐÊ¹ÓÃµÄ

Ñô¼«²ÄÁÏÎªÍø×´½á¹¹ ,Òò´ËÎö³öµÄ¹èËá²»Ò×¿¿½üÀë

×Ó½»»»Ä¤¶ø²úÉúÎÛÈ¾. ËùÒÔ´ÓÉÏÃæµÄ·ÖÎö¿É¿´³ö:ÔÚ

MAE µ¥ÑôÄ¤¼¼ÊõÖÐÊ¹ÓÃµÄÀë×Ó½»»»Ä¤²»Ò×·¢ÉúÆÕ

Í¨µçÉøÎöÖÐÒ×²úÉúÀë×Ó½»»»Ä¤¡°¹è¶Â¡±µÄÏÖÏó. ÕâÒ²

ÊÇMAE µ¥ÑôÄ¤¼¼Êõ´¦ÀíÔìÖ½ºÚÒºÓÅÓÚµçÉøÎöµÄÓÖ

Ò»¸ö·½Ãæ.

3 ¡¡½áÂÛ

1) Í¨¹ý MAE µ¥ÑôÄ¤¼¼Êõ,½«Ä¤¼¼Êõ´¦ÀíÔìÖ½

ºÚÒºÊÇ¿ÉÐÐµÄ,ÄÜ½ÏºÃµØ¿ØÖÆ²Ý½¬ºÚÒºµÄ»·¾³ÎÛÈ¾;

ÔÚÑô¼«ÇøµÄÑõ»¯ ¡¢Òõ¼«Çø»¯Ñ§Æ·»ØÊÕ¼°Àë×Ó½»»»Ä¤

Ê¹ÓÃÐÔÄÜµÈ·½Ãæ±ÈÆÕÍ¨µçÉøÎöÓÐ½ÏÃ÷ÏÔµÄÓÅµã.

2) ÇâÑõ»¯ÄÆµÄ»ØÊÕÂÊ¼°ÇâÆøµÄ»ØÊÕÓëMAE µ¥

ÑôÄ¤¼¼ÊõµÄÖî¶à²Ù×÷ÒòËØÓÐ¹Ø. ÆäÖÐÇâÑõ»¯ÄÆµÄ»Ø

ÊÕÂÊ,ÔÚÒ»¶¨µÄ²Ù×÷Ìõ¼þÏÂ¿É´ïµ½93. 69 %.

3) ÓÉÓÚÑô¼«ÇøµÄÑõ»¯×÷ÓÃ,Ñô¼«ÇøÁ÷³öÒºµÄ

CODCrÖµ¿É´Ó112 000 mg/ L ½µµÍµ½2 000 mg/ L ,

CODCrÖµÏÂ½µÁË95 %.

4) ÓÉÓÚMAE µ¥ÑôÄ¤¼¼ÊõµÄÌØÐÔ,ÄÜÓÐÐ§µØ¿Ø

ÖÆ²Ý½¬ºÚÒºÖÐµÄ¹è¶ÔÀë×Ó½»»»Ä¤µÄÎÛÈ¾,Ìá¸ßÁËÀë

×Ó½»»»Ä¤µÄÊ¹ÓÃÊÙÃü.

¡¡µÚ 4 ÆÚ Ñ¦½¨¾üµÈ: Ä¤¼¼ÊõÔÚ´¦ÀíÔìÖ½ºÚÒºÎÛÈ¾ÖÐµÄÓ¦ÓÃ ¡¤77¡¡¡¡¡¡ ¡¤¡¡




