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¤@¡B¤¤¤åºK­n(ÃöÁäµü¡G§ï½èÁ¡½¤¡Bª÷ÄÝ
¥h
    °£²v¡B¤ô©M¥b®|¡B³Ì¾A²K¥[¶q)

    ¾A·í²K¥[CoAlPO4-5 §ï½è¤§Á¡½¤¡A¹ï
©ó¤ô¤¤­«ª÷ÄÝ¤Î¶t¡BÁâÂ÷¤l¤§¥h°£²v¤Î³z
¹L²v¡A¤ñ¥¼§ï½è¤§Á¡½¤̈Î¡A¦Ó¥B¾Þ§@À£¤O
¥ç­°§C³\¦h¡C·íCoAlPO4-5 ¤§Co:Al:P =
0.1:0.92:1.0 ®É¡A³Ì¾A²K¥[¶q¬°5 Wt.%¥ª
¥k¡A­Y¬OCo:Al:P = 0.08:0.93:1.0¡A«h7 Wt.%
¤§¥h°£²v̧ û5 Wt.%¨Î¡A¦¹¤D¦]¬°¬¡©Ê¦ì§}
¤ÎÄ²́C»PÁ¡½¤¶¡¤£¬Û®e©Ê¥æ¤¬§@¥Î¤§µ²
ªG¡Cª÷ÄÝÂ÷¤l¥h°£²v»P̈ ä¤ô©M¥b®|¤j¤p¦³
«Ü¤jÃö«Y¡ACd2+¦]¬°¥b®|³Ì¤p¡A¥h°£²v³Ì
®t¡A¤T»ùÂ÷¤l«ḩ û¦n¡Ä ä¾l¤G»ùÂ÷¤lÁöµM
¥b®|¬Ûªñ¡A¦ý¤ô©MÂ÷¤lÃ­©w«×̈Ï±o¥h°£²v
¦³̈Ç®t§O¡C

Abstract (Keywords: Improved membrane,
Removal rate, Hydrated radius, Optimum
amount of addition)

   For improved membrane, if CoAlPO4-5
was appropriately added, could increase rate
of metal removed as compared with the PC
membrane. Besides, penetration rate would
increase and the pressure applied could be
lowered largely. The optimum amount of
CoAlPO4-5 added for Co:Al:P = 0.1:0.92:1.0
is about 5 wt.% while that for Co:Al:P =
0.08:0.93:1.0 may shift toward higher content
since it has less active sites per unit weight.

Hydrated radius of metal ion had great
influence on the removal rate. The larger the
radius, the higher the removal rate would
exhibit.
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3.2 §ï½èÁ¡½¤»s³Æ
±N»EºÒ»Äà­¤Î¤Ǵ â¥ÒÖJ·»¾²̄V¦X°t

¦Å̈±½¤·»²G¡A¦Ä Ì¤£¦P§ï½è»Ý̈D¥[¤J¤£¦P
§t¶qCoAlPO4-5¡AÅÍ©Õ¡BÀŖ m«á¥Ḧ í¤M̈ í
±o©Ò»ÝÁ¡½¤¡C

¦ª̈G
¥»­p¹º¦@§¹¦¤̈U¦C¦ª̈G¡G

(¤@)¥HCoAlPO4-5 ±NÁ¡½¤§ï½è¡A¦¥̈\Àò±o
®Ä

²v̧ û°ª¤§µw¤ô³n¤Æ¤Î­«ª÷ÄÝ¥h°£Á¡
½¤¡A¤£¶È¥h°£²v̧ û¥¼§ï½èÁ¡½¤°ª¡A¦Ó
¥B¦b¤j́ T­°§C¾Þ§@À£¤O¤U¡A¬ï³z²v¬Æ
¦ÜÁÙ¤ñ¥¼§ï½èªÌ°ª¥X³\¦h¡A¹ê¬O­È±o
Ä~Äò¶}µo¤§¤ÀÂ÷Á¡½¤¡C

(¤G)Àò±oCo:Al:P = 0.10:0.92:1.00 ÃþÄ²́C¦b
Á¡½¤¤¤¤§³Ì¾A²K¥[¶q¡A¦P®É¥ç±oª¾¡A
·íCo:Al:P ¤§¤ñ­Ȩ̀û§C®É¡A³Ì¾A²K¥[
¶q¦³©¹̧û°ªwt.%°¾²¾¤§ÁÍ¶Õ¡A¤é«á¥i
¤ņ̃û¤£¦P¹W§t¶qÄ²́C¤§³Ì¾A²K¥[¶q¡A
±q¦Ó»s³Æ§ó¦³®Ä²v¤§Á¡½¤¡C

(¤T)¥Ñ¤£¦PÂ÷¤l¤ô©M¥b®|»P¥h°£²v¤§Ãö
«Y¡A¤F̧ Ñ¤ô©M¥b®|¹ï©óª÷ÄÝ¥h°£²v¦³
«Ü¤j¼vÅT¡A«áÄò¬ã̈s­Y¬O­ń £°ª¦pCd2+

µ¥¤£©ö¥h°£­«ª÷ÄÝ¤§¥h°£²v¡A¥i¦Ò¼{
²K¥[¤£¦P°t¦ì°ò¡A¥H¼W¥[¿ù©MÂ÷¤l¥b
®|¡Á £°ª¥h°£²v¡C

(¥|)°V½m¤u§@¤H­ûÄ²́C»PÁ¡½¤¦X¦§̈Þ³N¡A
¨Ã¼W¶ï ä¹ïÁ¡½¤»PÄ²́Cªí­±²{¶H¤§¬ã
¨s̄ à¤O¡C

¥|¡Bµ²½×»P°Q½×
¡@¡@

¥ÑFig.1 ¦ÜFig.7 ¤§µ²ªG¤¤¥i¬Ý¥X¡A·í
Á¡½¤§ï½è©Ò²K¥[¤§CoAlPO4-5¨äCo:Al:P =
0.1:0.92:1 ®É¡Aª÷ÄÝ¤§¥h°£²vÀHÄ²́C²K¥[²v
¼W¥[¦³·¥¤j­È¡A¦¹·¥¤j­È¥X²{¦b²K¥[²v¬°
5 wt.%©Î̈ä¾Fªñ²K¥[²v®É¡A¦Ó¥B³Ì¤j­È®É
¤§¥h°£²v§¡̧û¥¼²K¥[Ä²́C®É°ª¡C¦¹µ²ªG¤D
¬O¦]¬°Ä²́C²K¥[¶q¼W¥[®É¡A¤@¤è­±¥Ñ©óÁ¡
½¤¿Ë¤ô©Ế£°ª¡Ä Ï±o¤ô·»²G¤¤¦³̧û¦hª÷ÄÝ
Â÷¤l»E¶°©óÁ¡½¤ªí­±¡A³y¦¿̈@«×·¥¤Æ®ÄÀ³
¼W±j¡A¦]¦Óªýº¢ª÷ÄÝÂ÷¤l³z¹LÁ¡½¤¡C¥t¤@
¤è­±¡AÄ²́C¤Õ¬}(¬ù0.8 nm)¤§§lªþ»P²Ì³´

©Î¹LÂo®ÄÀ³¡A¥ç¬O³y¦¥̈h°£²v¼W¥[¤§­ì
¦]¡C¦ý¦P®É¡A¥Ñ©óÄ²́C»PÁ¡½¤¶¡¤§¤£¬Û®e
©Ê¡Ä Ï±oÁ¡½¤¤§°w¤Õ(pinhole)¥çÀHÄ²́C²K
¥[¶q¼W¥[¦Ó¼W¥[[3,4]¡C¦]¦¹¡A·í²K¥[¶q¶W
¹L¬Y¤@³Ì¾A­È®É¡A¦³̧û¦h¤§ª÷ÄÝÂ÷¤l±q¦¹
¤@°w¤Õ¬ï³z¡A¥h°£²v©ó¬O­°§C¡C¦¹¤£¬Û®e
©Ê¤§́£°ª¡A¥Ñ̈ä¬Á¼þÂà¤ÆÂI·Å«×ÀH²K¥[¶q
¼W¥[¦Ó­°§C¥ç¥i¬Ý¥X¡C

¥t¥~¡A¦bFig.1 ¦ÜFig.7 ¤¤¥ç¥i¬Ý¥X¡A
§ï½èÁ¡½¤¤§¬ï³z²v¤j¦h¼Æ§¡̧û¥¼§ï½èÁ¡
½¤°ª¡A³¡¤À¬Æ¦Ǘ£°ª±Nªñ10 ­¿¡C¦Ó§Ÿ Ï
§ï½èÁ¡½¤¬ï³z²v̧ û§C©Î¬Ûªñ©ó¥¼§ï½è
ªÌ¡A«eªÌ©Ò»Ý¾Þ§@À£¤O¥ç»·§C©ó«áªÌ¡FÁ¡
½¤̧g§ï½è«á¡A¥­§¡¾Þ§@À£¤O¬ù¦b 20-
30atm¡A¦Ó¥¼§ï½èªÌ¡A«h¶·¦b50-60atm ¤U¡A
©l¦³²GÅé³z¹L¡F¤W­zµ²ªG¤DÂk¦]©óÁ¡½¤§ï
½è«á¿Ë¤ô©Ê»P¤p¤Õ¬}¼W¥[©Ò­P¡C¦Ü©ó¬ï³z
²v»PÄ²́C²K¥[²v¤§Ãö«Y¡A«h¦]§ï½èÁ¡½¤¤§
»s³Æ²{¶¥¬q©|Ãø§¹¥þ±±̈î¤@­P¡A¦]¦¹̈Ã¥¼
µo²{©úÅã³W«ß¡C

Fig. 8 ¤§µ²ªG¤D¬Ö Ï¥ÎCo:Al:P¤ñ­È¬°
0.08:0.93:1 ¤§CoAlPO4-5 ¶i¦æÁ¡½¤§ï½è«á
´ú̧Õ©Ò±o¡A¥Ñ¹Ï¤¤¥i¬Ý¥X¡A7 Wt.%¤§¥h°£
²v§¡̧û5 Wt.%°ª¡AÅã¥Ü·íCoAlPO4-5 ¤¤¤§
Co §t¶q̧ û§C®É¡A¥Ñ©ó³æ¦ì½è¶q¤§¬¡©Ê¦ì§}
¸û§C¡A©Ò¥H³Ì¾A²K¥[¶q¤£¦A¬O²K¥[5 Wt.%
®É¡A¬Æ¦Ü¦b²K¥[7 wt.%®É¡A³¡¤Àª÷ÄÝ¤§¥h
°£²vÁÙ̧û¥¼§ï½èÁ¡½¤§C¡C¦Ü©ó̈Ï¥Î³oÃþÄ²
´C¤Î̈ä¥L¤£¦P¹W§t¶qCoAlPO4-5 ¤§³Ì¾A²K
¥[¶q¡AÁÙ¶·§ó¶i¤@̈ B¬ã̈s¤~̄ à¤F̧ Ñ¡C
Table 1 ¤§µ²ªG¤ņ̃û©Ò́ú̧Õª÷ÄÝÂ÷¤l̈ ä¤ô
©M¥b®|»P§ï½èÁ¡½¤¥h°£®Ä²v¤§Ãö«Y¡C¥Ñªí
¤¤¥i¬Ý¥X¡Aª÷ÄÝÂ÷¤l¤§¥h°£²v̈ ü̈ì¤ô©M¥b
®|©úÅã¼vÅT¡CCd2+¦]¤ô©M¥b®|³Ì¤p¡A©Ò¥H
¥h°£²v³Ì®t¡A¦b¬Ÿ Ḉú̧Õ¤¤(Co:Al:P =
0.08:0.93:1.00¡A²K¥[5 wt.%)¡A¬Æ¦Ü¥h°£²v
§C¦Ü10%¥ª¥k¡C¦Ü©ó¤T»ù¶§Â÷¤l¡A¦]̈ ä¤ô
©M¥b®|¤j¡A©Ò¥H¥h°£²v¬Û¹ï̧û°ª¡F¦ÓMg2+

¥h°£²v°ª¡A¥ç¥i¹ïÀ³̈ä̈ã¦³̧û°ª¤§¤ô©M¥b
®|¡C¦Ü©ó̈ä¥L¤G»ù¶§Â÷¤l¡AÁöµM¤ô©M¥b®|
¥­§¡­È¦P¬O0.6 nm¡A¦ý¦]̈ ä¤ô©M¿ùÂ÷¤lÃ­
©w«×¦³§O¡A©Ò¥H±À́úÃ­©w«×̧û®tªÌ¡Ä ä¤ô
·»²G¤¤¥ī à¦s¦b̧ û¦h¥b®|̧ û¤p¤§¤ô©MÂ÷
¤l¡A¥H­P¥h°£²v̧ û§C¡C
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Temp. : 30 C  Co :  Al : P = 0.1:0.92:1.0
Pressure : 0 wt.%, 50-60 atm;  ot hers, 20-30 at m
Initial concentrati on of metal: 100 ppm

o

Fig.1 Effect of CoAlPO -5 content on Mg  r emova l
        and on r ate of penetr ation
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Temp.: 30  C; Co : Al : P = 0.1 : 0.92 :  1.0
Pressu re: 0 wt.% ,50-60 atm; other s,20-30 atm
In it ial co ncen tr ation o f metal: 100 p pm

Fig.2 Effect of CoAlPO -5 content on Ca  removal
        and on rate of penetration
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      Table 1 Relationship between removal rate and hydrated radia of metal ions

Metallic ion Mg(II) Ca(II) Fe(II) Fe(III) Cd(II) Mn(II) Co(II) Al(III)

Removal rate [%]* 97 89 77 91 69 98 85 94

Hydrated radius
[nm]**

0.8 0.6 0.6 0.9 0.5 0.6 0.6 0.9

F ig . 8  R e m o v a l o f  m e t a l b y  t h e  C o A lP O 4 -5
         d o t t e d  m e m b r a n e  w it h  t h e  C o : A l: P  =

0 .0 8 : 0 .9 3 : 1 .0 0
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Temp.: 30  C;  Co : Al : P = 0.1 : 0.92 : 1.0
Pr essur e: 0 wt.% ,50-60 atm; oth er s,30-40 atm
I nit ial concentr ation  of metal: 100 ppm

Fig.7 E ffect  of CoAlPO  -5 cont ent on Fe  removal
         and on ra te of  p enetra tion
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Fig.6 Effect  of  CoAlP O  -5 conte nt on Al  re mova l
        an d on r a te of pe net ra tion
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      *  : Data of 5 wt.%  CoAlPO4-5 added
       ** 

 : Data from reference 5.
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