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    ¥»¬ã̈s¬ãµo¥H¬¡¶ë¬°°Ê¤O¡Ä Ã³s±µ̈â
²Õ««ª½¬yÁ¡½¤¹LÂo³]³Æ¡C¦b¹LÂo¶i¦æ¤¤¡A
·í¤@²ÕÁ¡½¤¹LÂo³]³Æ¦b̈ üÀ£¶i¦æ¹LÂo¤§
¦P®É¡A¥t¤@²ÕÁ¡½¤¹LÂo³]³Æ«ḧ ü°f¦V§l¤O
¤§§@¥Î¾É¤Þ³¡¥÷Âo²G̈ Ó°f¬~Á¡½¤¡A¦p¦¹¥æ
¤¬¶i¦æ¥ï Ï¾ã­Ó̈t²Îºû«ù³sÄò¥X¤ô¹LÂo
¤§«¬¦¡¡C¥Ñ©ó°f¬~¦¼̧Æ·UÀWÁc¡B°f¬~®É¶¡
·Uªø¥ï ÏÁ¡½¤ºû«ù·U¤p¤§¥­§¡ªý§Ü¡A¥iÀò
±o·U¤j¤§Âo²G¬y¶q¡A¦ý¬Û¹ï¤]̈ Ï¦]°f¬~©Ò
·l¥¢¤§Âo²G¶q¼W¥[¡A¬Ģ û̈Î¹LÂo-°f¬~®É
¶¡¶¡¶Z¤§̈D̈ ú¡A¥HÀò±o̧ û¤j¤§Âo²G¬y¶q¡A
¦Ü¬°­«­n¡C¥t¿@ÁY²G±Æ©ñ©Ṕ Á·UÀWÁc¥i¥H
´î§C¶i¬y¤ô¿@«×¼W¥[Âo²G¬y¶q¡A¦ý¤]¦]¦Ó
³y¦¹̈LÂo®É¶¡́îµuÂo²G¬y¶q́ î¤Ö¤§²{
¶H¡A¬O¥Ḩ û̈Î¿@ÁY²G±Æ©ñ©Ṕ Á¤§̈D̈ ú¡A¥H
Àò±o̧ û¤j¤§Âo²G¬y¶q¡A¥ç¬Æ¬°­«­n¡C
    ¥»¬ã̈s¥H©Ò¬ãµo¤§Á¡½¤¹LÂö t²ÎÀ³
¥Î©ó¼æ³»²b¤ô³õ§ÖÂo¦À¤Ï̈R¬~¼o¤ô³B²z
¥Ñ¹êÅçµ²ªGÅã¥Ü¡A¦bÂo²G¬y¶q¤è­±¡G¹LÂo
®É¶¡¤Î°f¬~®É¶¡¤À§O¬°90 ¬í»P3 ¬í¤Î¿@
ÁY²G±Æ©ñ©Ṕ Á¥Ḧ C¤@©Ṕ Á±Æ©ñ1¦¥̧iÀò±o
¸û¤j¤§Âo²G¬y¶q¡A¥tÂo²G¬y¶qÀHµÛ¾Þ§@À£
¤O¤§¼W¥[¦Ó¼W¤j¡A¦ÓÁ¡½¤¤Õ®|«h¦³³Ì̈Î­È
¤§¦s¦b¡F¦bÂo²G¤ô½è¤è­±¡G¥H0.1 »P 0.22
£gm ¤Õ®|¤§Á¡½¤³B²z¥iÀò±o̧ û̈Î¤§Âo²G¤ô
½è¡C

ÃöÁäµü¡GÁ¡½¤¹LÂo¡A°f¬~¡A¤Ï̈R¬~¼o¤ô¡A

Abstract
   A new microfiltration system with two
sets of dead-end membrane cell and driven by
piston force system was designed in this study.
In this system, suction the filtrate through the
membrane in the reverse direction with a
piston to backwash and reduce membrane
fouling.
  In this study, the application of this system
to backwash wastewater of Tan-Din water
treatment plant It was found that the optimum
times for forward and reverse filtration were
90s and 3s respectively, and the discharge
frequency of retentate was 1 time per cycle.
Moreover, it was also found that the filtrate
volume increased with an increase in pressure
drop but an optimal filtrate volume existed on
effecting the membrane pore size. Finally, it
could be used efficiently to treat and recycle
the backwash wastewater from rapid sand
filter by membrane with pore size of 0.1 and
0.22 µm.

Keywords: Microfiltration; dead-end;
backwash; forward-reverse
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¿@«×·Ü Ó·U°ªÂo²G¬y¶q·Ü Ó·U¤p¡A¬GÅã±o
¤£̧gÀÙ¡A¬O¥H³Ìªñ¤S¦³¾ÇªÌ»{¬°·íÄā B²G
©Î·»²G¿@«×̧û¤p®É¡A¥H³]³Æ̧ûÂ²³æ¤§¶Ç²Î
¦¡««ª½¬y¹LÂo¤è¦¡̧û¬°̧gÀÙ(1- 5)¡Ä Ã¥HÂo²G
°f¬~¤è¦¡̈Ó§JªA¶Ç²Î¦¡««ª½¬y¹LÂoÂo³t
¨³³t°Í î²{¶H³Ì¬°̧gÀÙ¥B®ÄªG³Ì̈Î(6, 7,

8,)¡C¬G¬°µ²¦X¤W­z¦UºØ³B²z¤è¦¡¤Î³]³Æ¤§
ÀuÂI¥B¬°̧¬̀Ù̄à·½¡A©Ò¥H¥»¬ã̈sÀÀ¬ãµo¥H
¬¡¶ë¬°°Ê¤Ö Ã³s±µ̈â²ÕÁ¡½¤³B²z³]³Æ¡C¦]
¬¡¶ë©¹́_ªº¶i¦æ¦p¦¹§Y¥i§Î¦³̈sÄò¹LÂo
¥X¤ô¤§«¬¦¡¡C¥t·í¬¡¶ë©¹́_¶i¦æ¹LÂo¼Æ­Ó
©Ṕ Á«á¡A¦bºò±µÂo½¤ªí­±¤§Äā B²G¤¤·L²É
©Î·»½è¤§¿@«×¤É°ª¡A¦¹®É¥i°t¦X¬¡¶ëÀ£ÁY
®É±±̈î¹qºÏ»Ö¶}±Ò¡A±N¾A·í¶q¿@ÁY²G¥H±½
¬y¤è¦¡±Æ¥Ẍ t²Î̈Ã°j¬y¦Ü«e­±³B²z³æ¤¸
©ÎÀx¼Ñ¤¤¡C¥»¤å¥D­n¥Øªº¦b©ó±°́Q¦¹§ï̈}
¦¡Á¡½¤¹LÂö tÀ³¥Î©ó¼æ³»²b¤ô³õ§ÖÂo¦À
¤Ï̈R¬~¼o¤ô³B²z®É¡Ä ä³Ì̈Î¤§±±̈î¤Î¾Þ§@
±ø¥ó¡G¥]¬A·í¹LÂoÀ£¤O¡BÁ¡½¤¤Õ®|¡B¹LÂo
-°f¬~¤Î¿@ÁY²G±Æ¥X®É¶¡¶¡¶Z¤§̈D̈ ú¥HÀò
±o³Ì̧gÀÙ¦³®Ä¤§³B²z±¡ªp¡C¥t¥~¡Ä Ã¥Ḧ ä
³B²z«e«á¤ô½è̈ÓÀËÅç̈ä³B²z¦®̈Ä¡C
  
¤T¡Bµ²ªG»P°Q½×
¡@¡@
1.³Ì̈Î¹LÂo»P°f¬~¤§®É¶¡¶¡¶Z
  ·íÁ¡½¤¹LÂo¤§®É¶¡¶¡¶Z³]©w̧ ûªø®É¡A°f
¬~ÀW²v̧ û§C¡A«hÂo²G®ø̄Ó©ó°f¬~Á¡½¤©Ò»Ý
¤§¶q̧ û¤Ö¡A¦ý¬Û¹ï¦P®É¡AÁ¡½¤«o¦]ÀHµÛ¹L
Âo®É¶¡¤§¼Wªø¦Ó¹LÂoªý§Ü¼W¥[¡Ä Ï±oÂo²G
¬y¶q́ î¤Ö¡A¬G¹LÂo¤§®É¶¡¶¡¶Z¦³̈ä³Ì̈Î­È
¤§¦s¦b¡A¥Ñ¹Ï1 ¥i±o·í¹LÂo®É¶¡¶¡¶Z³]©w
¬°90sec ®É¥iÀò±o³Ì¤j¤§Âo²G¬y¶q¡C¦Ó¦b
°f¬~®É¶¡¶¡¶Z¤è­±¡F·íÁ¡½¤°f¬~¤§®É¶¡¶¡
¶Z³]©w·Uªø®É¡A«hÁ¡½¤°f¬~·U§¹¥þªý§Ü·U
§C¡A¥iÀò±o·U¤j¤§Âo²G¬y¶q¡A¦ý¬Û¹ï¤]̈ Ï
¦]°f¬~©Ò·l¥¢¤§Âo²G¶q¼W¥[¡A¬G°f¬~¤§®É
¶¡¶¡¶Z¥ç¦³̈ä³Ì̈Î­È¤§¦s¦b¡A¥Ñ¹Ï1 ¥i±o
°f¤§³Ì̈Î®É¶¡¶¡¶Z¬°3sec¡C
2.³Ì̈Î¿@ÁY²G±Æ©ñ©Ṕ Á
  ÀH¹LÂo¤§¶i¦æ¡A¦b¹LÂoºÝÁ¡½¤ªí­±¤§¶i
¬y¤ô¿@«×º¥¼W¡A³y¦Â̈o²G¬y¶qº¥́î³Ì«áÁÍ
ªñ©ó¹s¡A¦¹§Y¬°««ª½¬y¹LÂo¤è¦¡³Ì¤j¤§̄Ê
ÂI¡C¬G¬°́£°ª¹LÂo¦®̈Ä¡AÀ³¦b¾A·í®É¾÷±N

¿@ÁY²G±Æ©ñ©Î°j¬y¦À̂x¼Ñ¡C¥»¹êÅç°t¦X¬¡
¶ëÀ£ÁY®É¥H±½¬y¤è¦¡±N¿@ÁY²G±Æ©ñ¡A¦Ó±Æ
©ñ©Ṕ Á·UÀWÁc·U¥í î§CÁ¡½¤ªí­±¿@ÁY²G
¤§¿@«×¡A¼W¥[Âo²G¬y¶q¡A¦ý¤]¦]¦Ó³y¦¹̈L
Âo®É¶¡́îµuÂo²G¬y¶q́ î¤Ö¤§²{¶H¡A¬O¥H¿@
ÁY²G±Æ©ñ©Ṕ Á¦³̈ä³Ì̈Î­È¤§¦s¦b¡C¥Ñ¹Ï2
©Ò¥Ü¡A·í¿@ÁY²G±Æ©ñ©Ṕ Á¬°̈C¤@¹LÂó À̀ô
±Æ©ñ¤@¦®̧É¡A¥iÀò±o³Ì¤j¤§Âo²G¬y¶q¡A¦]
¦¹¡A¦b¥»¬ã̈s¤§©Ò¦³¹êÅç¤¤§¡³]©ẅ C¤@¹L
Âó À̀ô±Æ©ñ¤@¦¤̧§¿@ÁY²G³Ì̈Î±Æ©ñ©P
´Á¡C
3.Á¡½¤¤Õ®|¤§¼vÅT
  ¥»¹êÅç©Ò¥ÎÁ¡½¤¤Õ®|¤§¤j¤p¤À§O¬°¡G
0.1¡B0.22 ©M0.45£gm¡A¥Ñ¹Ï3 Åã¥Ü¡A¹LÂo
¤G¤p®É²Ö¿n¤§Âo²G¬y¶q¥HÁ¡½¤¤Õ®|0.22
£gm ¹LÂo©ÒÀò±o¤§¶q¬°³Ì¤j¡A¥HÁ¡½¤¤Õ®|
0.45£gm ¹LÂo©ÒÀò±o¤§¶q¬°³Ì¤p¡C¦¹­ì¦]
¬°¹LÂoÁª̀ý§Ü¥]¬A¦³Á¡½¤¥»̈­¤§ªý§Ü¡AÁ¡
½¤ªí­±Âo»æ¤§ªý§Ü»PÁ¡½¤¤º³¡¤Õ¹Dªý
§Ü¡A¦b¹LÂo­è¶}©l®É¹LÂoÁª̀ý§Ü¥D­n¬°Á¡
½¤¥»̈­¤§ªý§Ü¡A©Ò¥HÁ¡½¤¤Õ®|·U¤j̈ ä¥»̈­
ªý§Ü·U¤p¥iÀò±o̧ û¤j¤§Âo²G¬y¶q¡A¦ý¹LÂo
¸g¹L¤@¬q®É¶¡«á¹LÂoÁª̀ý§Ü¥D­n¬°Á¡½¤
¤º³¡¤Õ¹Dªý¶ë©Ò¤Þ°_¤§ªý§Ü¡AÁ¡½¤¤º³¡¤Õ
¹Dªý§Ü©M¼o¤ô¤¤·L²É¤§²É®|¤À§G»PÁ¡½¤
¤Õ®|¶¡¦³¬Û¤¬¤§Ãö«Y¡CLe and Howell(9)«ü
¥X¡A·í·L²É²É®|»PÁ¡½¤¤Õ®|¬Û±µªñ®É«h±N
³y¦Á̈¡½¤¹LÂo¤Õ¹D§¹¥þªý¶ë¤§²{¶H¡A¦¹®É
²£¥Í§¹¥þ³¬¶ë¹LÂoªý§Ü¡Ä ä³y¦¤̈§Âo³t°I
´î»P¹LÂo®É¶¡¦«̈ü¼Æ¤Ï¤ñ¤§Ãö«Y¡A¤ñ·L²É
²É®|¤p©óÁ¡½¤¤Õ®|¡A§lªþ¦bÁ¡½¤¤Õ¹D¤º¾À
¤§¼Ð·Ç³¬¶ë¹LÂoªý§Ü¤Î·L²É²É®|¤j©óÁ¡
½¤¤Õ®|¡Ä I¿n¦bÁ¡½¤ªí­±§Î¦Â̈o»æ¤§Âo»æ
¹LÂoªý§Ü¬°¤j¡CGranger µ¥¤H¥H¦hºØ³æ¤@²É
®|¤§»E­f¤A²mÄā B²G°t¦X¦hºØ¤£¦P¤Õ®|
¤§Á¡½¤¥æ¤¬¶i¦æ¹LÂo¹êÅç¤¤¥çµo²{¡A·í·L
²É²É®|»PÁ¡½¤¤Õ®|¬Ûµ¥®É¦³³Ì¤j¤§¹LÂo
ªý§Ü¡C¥Ñ¤W©Ò±oµ²ªG¥ç¥i±Àª¾¼o¤ô¤¤·L²É
²É®|¥H±µªñ0.45£gm ¬°³Ì¦h¡C¥t¥~¥Ñªí1
¤Îªí2 µ²ªGÅã¥Ü¡A¦b¹LÂo¤ô½è¤è­±¡G0.1
©M0.22£gm ¤§Á¡½¤§¡̄à100%¦³®Äªº¥h°£¿B
«×²É¤l©M¤j̧ z±ìµß¡F¦Ó0.45£gm ¥ç̄à100%
¦³®Äªº¥h°£¿B«×²É¤l¡A°ßµLªk§¹¥þ¥h°£¤j
¸z±ìµß¡A¦bTOC ªº¥h°£¤W¡A¦¹¤TºØ¤Õ®|¤§
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Á¡½¤§¡µLªk¦³®Äªº¥h°£¡C
4.¾Þ§@À£¤O¤§¼vÅT
  ¥»¹êÅç©Ò̈Ï¥Î¤§Á¡½¤¤Õ®|¬°0.22£gm¡A
¦Ó¾Þ§@À£¤O¤À§O¬°¡G10¡B15¡B20 ©M30Psi¡A
¥Ñ¹Ï4 Åã¥Ü¡A¹LÂo²Ö¿n¤§Âo²G¬y¶qÀHµÛ¾Þ
§@À£¤O¤§¼W¥[¦Ó¼W¥[¡A¦¹»PDarcy ¤½¦¡©Ò
¥Ü¹LÂo¾Þ§@À£¤O»P¹LÂo¬y¶q¦¥̈¿¤ñ¤§Ãö
«Y¬Û²Å¡C¦ÓChang »PHwang(10)µo²{¥H±½¬y
·L¹LÂo¥h°£¤ô¤¤ª÷ÄÝÂ÷¤l®É¡A¦³³Ì̈ÎÀ£¤O
­È¦s¦b¡A¦¹«Y¦]¬°̈ä³sÄò¹LÂo®É¬q¬°¤G¤p
®É¡A²Ö¿n¦bÁ¡½¤¤W¤§Âo»æ¤w¦³¬Û·í¤§«p
«×¡A¥B̈ ä½¦¦Ð©Ò§Î¦¤̈§Âo»æ̈ã¦³À£ÁY©Ê¡A
¬G¦³¦¹±¡ªp²£¥Í¡CµM¥»¬ã̈s¤¤¡Ä C¤@¹LÂo
-°f¬~́ À̀ô¤§®É¶¡¶¡¶Z¶È90sec¡AÂo»æ§Î¦¨
«p«×¬Æ¤p¡AÀ£ÁY±¡§Î̈Ã¤£©úÅã¡A¬O¥Ḧ äÂo
²G¬y¶qÀHµÛÀ£¤O¤§¼W¥[¦Ó¼W¥[¡C¥t¥~¥Ñªí
2 µ²ªGÅã¥Ü¡A¦b¤£¦Pªº¾Þ§@À£¤O¤U§@¥Î¤§
¤U§¡̄à§¹¥þ¦³®Äªº¥h°£¿B«×²É¤l»P¤j̧ z
±ìµß¡C

¥|¡B¦ª̈G¦Ûµû

¥»­p¹º¦@§¹¦¤̈U¦C¦ª̈G¡G
1. §ï̈}¦¡Á¡½¤¹LÂö t²Î¤§¬ãµo§¹¦¡̈Ä ÏÁ¡

½¤¹LÂo³B²z³]³Æ§óÂ²³æ¡B§ó̧gÀÙ©M§ó¦³
®Ä²v¡A±N̈ Ó¥ç¥i±N¦¹Á¡½¤̈t²Î¤§Á¡½¤Âo
²Õ§ïÅÜ¬°ºÞª¬«¬¡BÁ³±Û±²«¬©M¤¤ªÅÅÖºû
«¬µ¥¤W¡Ä ÃÀ³¥Î©ó¹ê»Ú¾Þ§@¤¤¡C

2. À³¥ý¤ÀªR±ý³B²z¼o¤ô¤¤¤§²É®|¤j¤p»P
¤À§G¡A¦A¿ï¾ÜÁ¡½¤¤Õ®|¡A¥BÁ¡½¤¤Õ®|¤£
©y»P·L²É²É®|¬Ûªñ¤è̄àÀò±o̧ û¤j¤§Âo
²G¬y¶q¡C

3. ¸û̈Î¾Þ§@±ø¥ó¤§̈D̈ ú¡Ä Ã̄à̈ÏÁ¡½¤¹LÂo
³B²z³]³Æ±±̈î¦b̧ û̈Î¤§¾Þ§@±ø¥ó¤U¶i
¦æ§ó̈ã®Ä²v¡A¥B±N¦³§U©ó¹ê»ÚÀ³¥Î¤W̧ Ë
¸m¥hªý¶ë³]³Æ¤§¿ï¾Ü¡C

4. ¥»̈t²ÎÀ³¥Î©ó²b¤ô³õ¤Ï̈R¬~¼o¤ô¤§³B
²z¡A·í¹LÂo»P°f¬~¤§®É¶¡¶¡¶Z¤À§O³]©w
¬°90sec ¤Î3sec¡A¿@ÁY²G«h¥Ḧ C¤@©Ṕ Á
±Æ©ñ1 ¦®̧É¥iÀò±o³Ì¤j¤§Âo²G¬y¶q¡A¥B
Á¡½¤¤Õ®|·U¤p¥iÀò±o̧ û̈Î¤§¤ô½è¡C

5. ¥H0.1 »P 0.22£gm ¤Õ®|Á¡½¤©Ò³B²z¤§
¤Ï̈R¬~¼o¤ô¤ô½è©ó¿B«×¡B¤j̧ z±ìµß¼Æ¤Î
pH ¤è­±§¡¥i¹F̈ ì¥Á°ê¤E¤Q¤G¦~¤§¦Û̈Ó

¤ô¤ô½è¼Ð·Ç¡A¦p¦¹¥i±N¼o¤ô¦¦̂¬̈Ï¥Î¡A
¤£¦ý¥ï ú¥N¶Ç²Î¤§¼o¤ô³B²z¡A¥ç¥i̧ ¬̀ù
¤ô̧ê·½¡Ä Ã́£̈Ñ²b¤ô³B²z¦³®Ä¤§³B²z¬y
µ{¡A°ß¹ïTOC ªº¥h°£®ÄªG«h¤£̈Î¡C
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ªí 1 Âo¦À¤Ï̈R¬~¼o¤ô¤§̄S©Ê

Parameters Range of values
Turbidity (NTU) 56.2
TOC (mg/l) 14.3
Coliforms (MPN/100ml) > 1.6 × 109

pH 8.0
Temperature (OC) 27.5

ªí2 Âo²G¤ô½è
dm(µm) ∆P(psi) Turbidity

(NTU)
TOC(mg/l) Colifoms

(MPN/100ml)
pH

0.10 20 0 10.34 0 8.0
0.22 20 0 8.51 0 8.0
0.45 20 0 12.2 240 8.3
0.22 10 0 15.15 0 8.3
0.22 15 0 13.22 0 7.9
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0.22 30 0 16.6 0 8.2
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