
T
he role of polymeric additives such as PVP and PEG is studied with respect

to the morphology of PES porous layer as a sublayer of nanofiltration com-

posite membranes based on PES/PA. Results show that by phase inversion

process of quaternary systems comprised of four components of polymer/solvent/non-

solvent/additive and the diffusion of intertwined polymers some changes occur in

membrane morphology with changes in their concentration. With addition of PVP,

tear-like pores, finger-like and channel-like morphology change to enlarged channel

cavities and by adding more PVP, membrane morphology changes further and spongy

regions are extended in the membrane. Presence of PEG in casting solution delayed

the precipitation time. By adding PEG, the solution viscosity is increased which is fol-

lowed by decreases in diffusion rates of solvent/non-solvent in coagulation bath.

Therefore, membrane morphology shifts to small pores and spongier region. Another

effect of increased PEG content would be deformed PA layer formation in PES sub-

layer which affects membrane performance. However, PVP as an additive does not

change membrane salt rejection very much while it leads to higher fluxes. A mem-

brane with 2.5 percent PVP would perform by 40 percent flux increases, while a

membrane with 5% PVP shows flux reductions even below the initial value. Contrary

to PVP, the PEG content of 20 percent leads to 4 folds flux increases and in a mem-

brane with 50 percent PEG, there is a flux increase by 7 folds and drop in salt rejec-

tion occurs by 50 percent and 70 percent, respectively.  
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)lCaN(| …² º±Þ• kcreM| ¬° {ùýú ì¥éõë ðíßþ ô …ðœ†ï „²ìõó …°²ü†‹þ

Ò»†ÿ ð†ðõÖýé}± …¶}×†¬û º~.  |

¬¶}ã†û|ø†

¬¶}ã†û|ø†ÿ …¶}×†¬û º~û ÎŒ†°{ñ~ …²:

-|ìýß±ô¶ßõ’ …èß}±ôðþ|�õü»þ

ºßê|ºñ†¶þ ¶Ç¦ ìÛÇÐ ô ¶Ç¦ Ò»†ø† ‹† …¶}×†¬û …² ¬¶}ã†û

ìýß±ô¶ßõ’ …èß}±ôðþ �õü»þ )MES(| ì~ë 03 LX spilihP|€ ìÇ†èÏú º~.

ðíõðú Ò»†ø† ¬° ¬°ôó ðý}±ôó́ ì†üÐ ºß·}ú º~û ô øí±…û ‹† ðíõðú|ø†ÿ

‹±°¶þ ¶Ç¦ ‹† Æç �õº¼ ü†Ö}ñ~. ¶�̧€ ºßê ºñ†¶þ ðíõðú|ø† ìÇ†èÏú º~.

- ìœíõÎú „²ìõó Þ†°…üþ Ò»†  |

…°²ü†‹þ Þ†°…üþ Ò»†ø† ‹† …¶}×†¬û …² ¶†ì†ðú Æ±…¤þ º~û {õ¶È ìõè×†ó

…ðœ†ï º~. ðí†üþ …² …üò ìœíõÎú ¬° ºßê 1 ì»†ø~û ìþ|ºõ¬. ‹ú ìñËõ°

‹±„ô°¬ ìÛ~…° �̧|¬øþ ô º†° ›±ü†ó€ Ò»†ø† ¬° …ð~…²û|ø†ÿ ìñ†¶� ‹±ü~û

º~û ô ‹† ¶Ç¦ ìõ÷± 2mc5×4| ¬° ¶éõë „²ìõó ¬° ìÏ±Å ̈õ°…á

ô°ô¬ÿ Ú±…° ¬…¬û º~. ¬° …üò „²ìõó€ ì¥éõë mpp0001| Þé±ü~ ¶~üî ‹†

¬ì†ÿC
o52| …² ì©³ó ̈õ°…á€ ‹ú ô¶ýéú �í‘ ‹† Ö»†° rab6| ‹ú ¶í•

¶éõë „²ìõó …°¶†ë ô …² ¶Ç¦ Ò»† ‹ú ºßê ›±ü†ó ì}Û†ÆÐ ÎŒõ° ¬…¬û

º~. ‹©»þ …² ̈õ°…á Þú …² Ò»† ÎŒõ° Þ±¬û ô ÒéË• ðíà „ó Þ†ø¼

ü†Ö}ú …¶• …² Ú·í• ̈±ô›þ ¶éõë ̈†°ž º~û ô ‹ú Îñõ…ó ì¥¿õë

Ö±…üñ~ ›íÐ„ô°ÿ ìþ|ºõ¬. ‹©¼ ¬üã± ̈õ°…á Þú …² Ò»† ÎŒõ°

ðíþ|Þñ~€ ‹ú ô¶ýéú èõèú …ð}Û†ë …² ¶í• ¬üã± ¶éõë ̈†°ž ô ‹ú ì©³ó

¨õ°…á ‹†²â±¬…ð~û ìþ|ºõ¬. ‹† …ð~…²û|âý±ÿ °¶†ðñ~âþ …èß}±üßþ

ì¥¿õë ô ̈õ°…á ‹ú Þíà °¶†ð†üþ|¶ñ� ì~ë annaH‹ú Îñõ…ó {†‹Ïþ

ì·}Ûýî …² ÒéË• ðíà€ ìÛ~…° ›~…¶†²ÿ Ò»† ‹† …¶}×†¬û …² ìÏ†¬èú )1(

ì¥†¶Œú º~:

)1(001×|) fC/pC- 1( = 001×)f/p-1( = R

Þú ¬° „ó R| ìÛ~…° �̧|¬øþ€ pô f‹ú {±{ý� °¶†ðñ~âþ …èß}±üßþ

ì¥¿õë ô ̈õ°…á ô pC| ô fC| ÒéË• ðíà ¬° ì¥¿õë ô ̈õ°…á

…¶•. ¤œî ì¥¿õë ÎŒõ°ÿ …² ¶Ç¦ ìõ÷± Ò»† ¬° ²ì†ó ìÏýò ÆŒÜ

ìÏ†¬èú )2( ‹ú Îñõ…ó º†° ì¥¿õë â³…°½ º~:  |

)2( t.A/ pV = xulF

Þú ¬° „ó pV| ¤œî ì¥¿õë€ A| ¶Ç¦ ìõ÷± Ò»† ô t| ²ì†ó æ²ï ‹±…ÿ

¬¶•|ü†‹þ ‹ú ¤œî pV| …¶•.

°ô½|ø†

{ùýú Ò»†

Ò»†ø†ÿ SEP| ‹† …¶}×†¬û …² °ô½ °¶õŽ|âý±ÿ ¬° …÷± ÒõÆú|ô°ÿ

ì¥éõë �éýí±ÿ ô Æþ Ö±…üñ~ ›~…ü¼ Ö†² {ùýú ìþ|ºõð~. {±Þý� …›³…ÿ

ì¥éõë|ø†ÿ �éýí±ÿ …¶}×†¬û º~û ‹±…ÿ {ùýú Ò»† ¬° ›~ôë 1 â³…°½

º~û …¶•.  |

‹±…ÿ ¶†̈• Ò»†ø†ÿ {à|æüú€ …‹}~… �éýí± SEP| ‹ú ì~– h 4 ¬° ¬ì†ÿ

C
o021| ¬° â±ï ̈†ðú ̈çŠ ðãú|¬…°ÿ ìþ|ºõ¬ {† ®°…– „Ž …¤}í†èþ ›Ž̄

º~û ¬° ¶Ç¦ ¬…ðú|ø† …² „ó ̈†°ž ºõ¬. …›³…ÿ üà ì¥éõë �éýí±ÿ …Îî …²

SEP€ ¤çë „èþ ô …Ö³ô¬ðþ ÆŒÜ {±Þý� ìõ°¬ ðË± ¬° üà Ê±Ù Þ†ìç_

¬°‹·}ú ì©éõÉ º~û ô ‹ú ì~– h 42 ¬° ¬ì†ÿ Co52| ‹† øî|²ó ìÓñ†Æý·þ

‹ú „°…ìþ øî|²¬û ìþ|ºõ¬ {† ì¥éõèþ º×†Ù ô ‹~ôó ¤Œ†Ž ¤†¾ê ºõ¬.

Λ Λ

Λ Λ

ºßê 1 -ðí†ÿ ìœíõÎú „²ìõó Ò»†.
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¶�̧€ ì¥éõë ¤†¾ê ‹ú ô¶ýéú Öýéî|Þ¼ ‹† Â©†ì• …¶íþm051

°ôÿ ¶Ç¦ ºý»ú|…ÿ Þ†ìç_ ¾†Ù ô ¾ýÛéþ Ú†è�|âý±ÿ ìþ|ºõ¬. ¬°

ì±¤éú ‹Ï~€ ì¥éõë Ú†è�|âý±ÿ º~û€ ô…°¬ ¤í†ï …ðÏÛ†¬ ¤†ôÿ Òý±¤çë

�éýí± ìþ|ºõ¬ Þú ¬° …üò ìÇ†èÏú „Ž ìÛÇ± …¶•. Ò»†ÿ ¤†¾ê …² …üò

ì±¤éú ‹ú ìñËõ° {̃Œý• ¶†̈}†° ‹ú ì~– h 42 ¬° „Ž ìÛÇ± ðãú|¬…°ÿ ô ‹†

Ú±…° ¬…¬ó ¬° ‹ýò ¬ô ¾†Öþ Þ†Ò̄ÿ ̈»à ìþ|ºõ¬. ‹±…ÿ {ùýú Ò»†ÿ

Þ†ì�õ²ü}þ€ Ò»†ÿ SEP| ¶†̈}ú º~û ¬° ì±¤éú ÚŒê ô…°¬ ì±¤éú ‹Ï~€

üÏñþ …ðœ†ï �éýí±º~ó ‹ýò|¶Ç¥þ ìõðõì±ø†ÿ DPM| ô CMT| °ôÿ

¶Ç¦ Ò»†ÿ SEP| ìþ|ºõ¬. Ò»†ÿ ì}©é©ê SEP| °ôÿ üà ¶Ç¦ Öé³ÿ

‹† ¬Ú• Ÿ·Œ†ð~û ìþ|ºõ¬ ‹ú ð¥õÿ Þú ¶Ç¦ ‹†æüþ Ò»† ¬° ìœ†ô°– øõ…

Ú±…° âý±¬. ¶�̧€ Ò»†ÿ ìõ°¬ ðË± ¬° ì¥éõë „‹þ ¤†ôÿ 2 ¬°¾~ ô²ðþ

DPM| ‹ú ì~– nim 2 ̈ý·†ð~û ìþ|ºõ¬. �̧ …² …üò ì±¤éú€ Ò»† …²

ì¥éõë Ö†² „‹þ ‹ý±ôó „ô°¬û º~û ô ¤çë …Â†Öþ ‹ú ô¶ýéú Òé}à ð±ï

æ¶}ýßþ …² °ôÿ „ó ¤Ù̄ ìþ|ºõ¬. ¶�̧€ Ò»†ÿ „Ò»}ú ‹ú ìõðõì±

DPM| ‹ú ì~– s 081 ¬° ì¥éõë 1/0 ¬°¾~ CMT| ¬° ð±ì†ë øã³…ó Ú±…°

¬…¬û ìþ|ºõ¬. ‹ú …üò {±{ý�€ �éþ„ìý~ ºŒßú|…ÿ ¤†¾ê …² �éýí±º~ó ‹ýò

¶Ç¥þDPM| ô CMT| °ôÿ Ò»†ÿ ì}©é©ê SEP| …üœ†¬ ìþ|ºõ¬. �̧

…² Æþ ²ì†ó ü†¬ º~û€ Ò»† ‹çÖ†¾éú ô…°¬ â±ï|̈†ðú ‹† ¬ì†ÿ Co55| º~û ô

‹ú ì~– nim 7 ðãú|¬…°ÿ ìþ|ºõ¬ {† Ö±…üñ~ �éýí±º~ó {ßíýê ºõ¬. ¬°

ºßê 2 ô…Þñ¼ {»ßýê ô ¶†̈}†° ºýíý†üþ �éþ„ìý~ ºŒßú|…ÿ {ùýú º~û

ì»†ø~û ìþ|ºõ¬.  |

ð}†ü� ô ‹¥™  |

‹±°¶þ ºßê|ºñ†¶þ Ò»†ø†

ºßê 3€ {¿õü± ìýß±ô¶ßõ�þ Ò»†ÿ 51 ¬°¾~ �éþ|…{±¶õè×õó ‹~ôó

…Ö³ô¬ðþ °… ð»†ó ìþ|¬ø~. øí†ó|âõðú Þú ì»†ø~û ìþ|ºõ¬€ Ò»†ÿ ü†¬º~û

¶†̈}†° Îíõìþ üà Ò»†ÿ ð†ì}Û†°ó ¤†ôÿ üà æüú ð†²á Ö»±¬û ô üà

æüú ²ü±üò ì}©é©ê °… ¬…°…¶•. …Ö³ôó ‹± …üò€ æüú ì}©é©ê ²ü±üò

¬…°…ÿ ¤×±û|ø†üþ ‹† ¶†̈}†°ø†ÿ …ðã»• ì†ðñ~  ô Þ†ð†èþ …¶• Þú …² ¶Ç¦

‹†æüþ Ò»† º±ôÑ ô {Û±üŒ†_ {† ¶Ç¦ ²ü±üò Ò»† …¬…ìú ìþ|ü†‹~.  |

ì†øý• „Ž|â±ü³ÿ ®…{þ SEP€ …² ìÏ†üŒþ …¶• Þú ìþ|{õ…ð~ Þ†°…üþ

Ò»†ø†ÿ ¶†̈}ú º~û …² …üò �éýí± ìùñ~¶þ °… ¬° ì¥ýÈ|ø†ÿ „‹þ Þ†ø¼

¬ø~. ‹† {õ›ú ‹ú …üò ̈†¾ý•€ …² �éýí±ø†ÿ „Ž|¬ô¶• ì†ðñ~ PVP| ô

GEP| ‹±…ÿ {Óýý± …üò °Ö}†° …¶}×†¬û ìþ|ºõ¬. …üò …Ö³ô¬ðþ|ø† Îçôû ‹±

…Ö³…ü¼ „Ž|¬ô¶}þ Ò»†€ ̈†¾ý• ¤×±û|²…üþ ðý³ ¬…°ð~ ô ‹ñ†‹± …üò °ôÿ

ºßê|ºñ†¶þ Ò»† …÷± ìþ|â̄…°ð~.

|

…÷± …Ö³ô¬ó PPVVPP| ‹± Ò»†ÿ ²ü±æüú {ùýú º~û …²  SSEEPP|

…² �éýí± PVP| ‹ú ìÛ~…° 5/2 ô 5 ¬°¾~ ô²ðþ ¬° ¶†̈• Ò»†ÿ ²ü±æüú

SEP…¶}×†¬û º~. ºßê|ºñ†¶þ Ò»†ø†ÿ ¤†¾ê ¬° ºßê 4 ì»†ø~û

ìþ|ºõ¬. ìÛ†ü·ú {¿†ôü± ºßê 4 ‹† ºßê 3 ð»†ó ìþ|¬ø~€ ô›õ¬ PVP|

‹†Î™ {Óýý± ºßê ¤×±û|ø† …² ¤†è• …ºßþ€ …ðã»• ì†ðñ~ ô Þ†ð†èþ ‹ú

Þ†ð†ë|ø† ô ¤×±û|ø†ÿ ‹³°å|{± º~û …¶•. øî|Ÿñýò ‹±°¶þ {¿†ôü± ºßê

μ

›~ôë 1 -{±Þý� …›³…ÿ ì¥éõë|ø†ÿ �éýí±ÿ {ùýú º~û.

)tw%( GEP )tw%( PVP )tw%( cAMD )tw%( SEP ºí†°û Ò»†

-

-

-

02

05

-

5/2

5

-

-

58

5/28

08

56

53

|51

51

51

51

51

1

2

3

4

5

ºßê 2 -ô…Þñ¼ �éýí±º~ó ‹ýò ¶Ç¥þ ‹ýò DPM| ô CMT| ô ¶†̈}†° �éþ„ìý~ ¤†¾ê.
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4 ð»†ó ìþ|¬ø~€ …‹Ï†¬ ¤×±û|ø† ô Þ†ð†ë|ø† ¬° Ò»†ÿ ¤†ôÿ 5/2¬°¾~ PVP

)ºßê 4 -…èØ( ‹ý»}± …² Ò»†ÿ ¬…°…ÿ 5 ¬°¾~  PVP)ºßê 4 -Ž(…¶•

ô ÖÃ†ÿ …¶×ñœþ ìõ›õ¬ ‹ýò Þ†ð†ë|ø† ¬° Ò»†ÿ ¤†ôÿ 5 ¬°¾~ PVP|

‹ý»}± …² ÖÃ†ÿ …¶×ñœþ ì~ ðË± ¬° Ò»†ÿ ¤†ôÿ 5/2 ¬°¾~ PVP…¶•.

…üò {Óýý± ºßê|ºñ†¶þ ð}ýœú {Óýý±…– {±ìõ¬üñ†ìýßþ ô °üõèõ´üßþ

ì¥éõë �éýí±ÿ …¶•. ¬° …üò ¤†è•€ ‹† …Ö³…ü¼ ÒéË• PVP| …² 5/2 {† 5

¬°¾~€ â±…ð±ôÿ ì¥éõë �éýí±ÿ …Ö³…ü¼ ìþ|ü†‹~. …² …üò °ô€ ¶±Î•

›†‹ú|›†üþ ¤çë ô Òý±¤çë Þ†ø¼ ü†Ö}ú ô ›~…ü¼ Ö†² ‹† ¶±Î•

Þí}±ÿ …{×†Ý ìþ|…Ö}~. ‹ñ†‹± …üò€ ¶†ì†ðú ‹ú ¶í• {»ßýê ¤†è• …¶×ñœþ

‹ý»}±ÿ ¬° Ò»† ìþ|°ô¬ ]02-81[.

‹± …¶†¹ ìÇ†èÏ†– mooB| ô øíß†°…ó€ …² ›~…ü¼ Ö†² ¶†ì†ðú|ø†ÿ

Ÿù†°{†üþ )�éýí± -¤çë -Òý±¤çë -…Ö³ô¬ðþ( ¬ô Ö†² …üœ†¬ ìþ|ºõ¬:

1 -Ö†² Òñþ …² �éýí± {»ßýê|¬øñ~û Ò»† )SEP(|€ ¤çë€ Òý±¤çë ô

ìÛ~…° Þî …Ö³ô¬ðþ ô

2 -Ö†² °ÚýÜ …² �éýí± …¾éþ {»ßýê|¬øñ~û Ò»†€ ¤çë€ Òý±¤çë ô

ìÛ~…° ‹ý»}±ÿ …Ö³ô¬ðþ.  |

‹± …üò …¶†¹€ ›~…ü¼ Ö†² ¬° ¶†ì†ðú|ø†ÿ ü†¬ º~û ð†ºþ …² ›~…ü¼

²ðœý±ø†ÿ �éýí±ÿ ¬°øî {ñý~û ¬° ì¥éõë �éýí±ÿ …¶•. …üò Ö±…üñ~

›~…ü¼ ‹ú Æõ° Ú†‹ê ìç¤Ëú|…ÿ „ø·}ú|{± …² Ö±…üñ~ {ÏõüÄ ¤çë -

Òý±¤çë ¬° ‹ýò ì¥éõë �éýí±ÿ ô ¤í†ï …ðÏÛ†¬ …¶• Þú ‹çÖ†¾éú �̧ …²

ÒõÆú|ô°ÿ „Ò†² ìþ|ºõ¬. ‹ñ†‹±…üò€ �~ü~û ì³‹õ° Þú ‹ú Æõ° Îí~û ‹ú

ô¶ýéú ð×õ® ¬ô �éýí± ð·Œ• ‹ú üà|¬üã± Þñ}±ë ìþ|ºõ¬€ ¶†̈}†° ðù†üþ

Ò»† °… ìÏýò ìþ|Þñ~ ]12[.

|

…÷± …Ö³ô¬ó GGEEPP| ‹± Ò»†ÿ ²ü±æüú {ùýú º~û …²  SSEEPP|

¬° …¬…ìú …Ö³ô¬ðþ GEP| ‹ú ìÛ†¬ü± 02 ô 05 ¬°¾~ ô²ðþ ‹ú ì¥éõë �éýí±ÿ

)SEP(| …Â†Öú º~. eeL| ô øíß†°…ó …÷± …Ö³ô¬ðþ GEP| °… °ôÿ

ºßê 3 -{¿õü± MES| …² Ò»†ÿ 51% �éþ|…{± ¶õè×õó. 

ºßê 4 -{¿õü± MES| Ò»†ø†ÿ �éþ|…{± ¶õè×õó ‹†: )…èØ(  5/2%PVP| ô )Ž( 5%PVP.|

)…èØ()Ž(
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 3€ ìƒƒ±¬…¬ -ºƒù±üƒõ° 9831 

�éþ|¶õè×õó ‹±°¶þ Þ±¬û|…ð~. „ðù† ì»†ø~û Þ±¬û|…ð~€ ‹† …Ö³…ü¼ ìÛ~…°

GEP| ¬° ì¥éõë �éýí±ÿ€ â±…ð±ôÿ ì¥éõë {† ¤~ô¬ ¶ú ‹±…‹± ‹ý»}±

ìþ|ºõ¬ ô …üò …Ö³…ü¼ â±…ð±ôÿ ¶±Î• {ú|ð»ýñþ ì¥éõë �éýí±ÿ °…

Þ†ø¼ ìþ|¬ø~. …èŒ}ú ‹ú ¬èýê ¶†²â†°ÿ ìñ†¶� ¤çë cAMD| ô „Ž

øî|Ÿñ†ó ¶†ì†ðú …² Ö±…üñ~ ›~…ü¼ Ö†² „ðþ �ý±ôÿ ìþ|Þñ~ ]|32€22[|. ¬°

ºßê 5€ {¿†ôü± MES| …² ¶Ç¦ ìÛÇÐ Ò»†ø†ÿ SEP| ¤†ôÿ GEP|

ì»†ø~û ìþ|ºõ¬.

…² ìÛ†ü·ú ºßê 5 ‹† ºßê 3 ì»†ø~û ìþ|ºõ¬€ ‹† ô›õ¬ GEP| ¬°

ì¥éõë �éýí±ÿ …‹Ï†¬ Þ†ð†ë|ø†ÿ {»ßýê º~û ¬° Ò»† Þ†ø¼ ü†Ö}ú ô ‹†

…Ö³…ü¼ ìÛ~…° GEP| …² 02 ‹ú 05 ¬°¾~ …üò Þ†ø¼ …‹Ï†¬ ‹ý»}± ìþ|ºõ¬.

øî|Ÿñýò€ ‹† …Ö³…ü¼ ìÛ~…° GEP| ô›õ¬ ðõ…¤þ …¶×ñœþ ºßê ¬°

ºßê|ºñ†¶þ Ò»† ðíõ¬ ‹ý»}±ÿ ü†Ö}ú …¶•. øí†ðñ~ …Ö³…ü¼ PVP€

…Ö³…ü¼ ìÛ~…° GEP| ðý³ ìñœ± ‹ú …Ö³…ü¼ â±…ð±ôÿ ì¥éõë �éýí±ÿ

ìþ|ºõ¬. …² …üò °ô€ Æþ Ö±…üñ~ ›~…ü¼ Ö†² ‹±…ÿ {»ßýê Ò»†€ ¶±Î• ›†

‹ú ›†üþ ¤çë ô Òý±¤çë Þ†ø¼ ü†Ö}ú Þú …üò …ì± ìõ›� Þ†ø¼ …‹Ï†¬

¤×±û|ø† ô …Ö³…ü¼ ÖÃ†ÿ …¶×ñœþ ºßê ¬° Ò»† º~û …¶• ]42[|. |

…÷± ô›õ¬ …Ö³ô¬ðþ ¬° Ò»†ÿ ²ü±æüú SSEEPP| ‹± ¶†̈}†° æüú ð†²á AAPP| ¬° Ò»†ÿ

Þ†ì�õ²ü}þ AAPP//SSEEPP|

…ð~…²û ¤×±û|ø†ÿ ²ü±æüú€ …÷± Îí~û|…ÿ ‹± ¬°øî Ö±ô°Ö}ò æüú ð†²á

�éþ„ìý~ ô ²ü±æüú �éþ|…{±¶õè×õó ¬…°¬ ô ¬° ð}ýœú Â©†ì• ô Þ†°…üþ …üò

æüú °… Þñ}±ë ìþ|Þñ~. ºßê 6 ‹ú Æõ° ðí†¬üò …÷± ºßê|ºñ†¶þ ²ü±æüú °…

‹± ¶†̈}†° æüú ð†²á AP| ð»†ó ìþ|¬ø~. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€

ø±Ÿú …‹Ï†¬ ¤×±û|ø† ¬° ¶Ç¦ ²ü±æüú Þ†ø¼ ü†‹~€ ìÛ~…° Þí}±ÿ …² æüú

ºßê 5 -{¿õü± MES| Ò»†ø†ÿ �éþ|…{± ¶õè×õó ‹†: )…èØ( 02% GEP| ô )Ž(05 % GEP|.  |

)…èØ()Ž(

ºßê 6 -…÷± …ð~…²û ¤×±û|ø†ÿ Ò»†ÿ ²ü± æüú ‹± ¬°øî Ö±ô°Ö}ãþ ô Â©†ì• æüú ð†²á Ò»†ÿ Þ†ì�õ²ü}þ: )…èØ( …‹Ï†¬ ÞõŸà€ )Ž( …‹Ï†¬ ì}õ¶È ô )ž( …‹Ï†¬ ‹³°å.|

)…èØ()Ž()ž(

Archive of SID

www.SID.ir



‹±°¶þ …÷± ô›õ¬ …Ö³ô¬ðþ �éýí±ÿ ‹± ºßê|ºñ†¶þ ô Þ†°…üþ æüú|ø†ÿ Ò»†ÿ ð†ðõÖýé}± Þ†ì�õ²ü}þ...Î†¬ë ¶±ô½ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 3€ ìƒƒ±¬…¬ -ºƒù±üƒõ° 9831 220

ºßê â±Ö}ú �éþ„ìý~ ‹ú Îñõ…ó æüú ÖÏ†ë ìþ|{õ…ð~ ‹ú Ò»†ÿ ²ü± æüú ð×õ®

Þñ~ ô ¬° ð}ýœú Â©†ì• …üò æüú ô Þ†°…üþ „ó ¬° ¤Ù̄ üõó|ø†ÿ ðíà

…Ö³…ü¼ ìþ|ü†‹~ )ºßê 6 -…èØ(. …â± …‹Ï†¬ ¤×±û|ø†ÿ ¶Ç¥þ ²ü±æüú

…Ö³…ü¼ ü†‹~ )ºßê 6 -Ž ôž(€ æüú �éþ„ìý~ ¬° ¤×±û|ø†ÿ ²ü±æüú ð×õ®

Þ±¬û ô ¬° ð}ýœú Â©†ì• æüú ð†²á AP| Þ†ø¼ ìþ|ü†‹~. ø±Ÿú …‹Ï†¬

¤×±û|ø†ÿ ¶Ç¦ ²ü±æüú ‹ú ìÛ~…° ‹ý»}±ÿ …Ö³…ü¼ ü†‹~€ Þ†ø¼ Â©†ì•

æüú ð†²á ‹ý»}± ìþ|ºõ¬ {† ²ì†ðþ Þú ¬° ðù†ü• æüú ð†²á ü†¬ º~û€

üßñõ…̈}þ ô ‹ú øî �ýõ¶}ãþ ̈õ¬ °… …² ¬¶• ìþ|¬ø~ ô Ò»†ÿ Þ†ì�õ²ü}þ

¬üã± ¶†̈}†° ̈õ¬ °… ‹ú ¬¶• ðíþ„ô°¬. ºßê 7 {¿†ôü± ìýß±ô¶ßõ’

…èß}±ôðþ ¶Ç¦ Ò»†ø†ÿ Þ†ì�õ²ü}þ ¬…°…ÿ ìÛ†¬ü± ì©}éØ …Ö³ô¬ðþ

GEP| ô Ò»†ÿ Þ†ì�õ²ü}þ ‹~ôó GEP| °… ð»†ó ìþ|¬ø~.  

øí†ó Æõ° Þú ¬° ºßê 7 -…èØ ì»†ø~û ìþ|ºõ¬€ Ò»†ÿ ²ü±æüú ‹~ôó

GEP| ¤†ôÿ ¶Ç¥þ ì}±…Þî ô Ö»±¬û …² AP| …¶•. ‹† …Ö³…ü¼ ìÛ~…°  GEP

)ºßê 7 -Ž ô ž( ìÛ~…° AP| °ôÿ ¶Ç¦ Þ†ø¼ ìþ|ü†‹~€ ‹ú Æõ°ÿ Þú ¬°

Ò»†ÿ ¤†ôÿ 05 ¬°¾~ GEP¬° ²ü±æüú …‹Ï†¬ ¤×±|û|ø†ÿ ¶Ç¦ ‹ú Ú~°ÿ

…Ö³…ü¼ ü†Ö}ú …¶• Þú æüú AP°ôÿ ¶Ç¦ Ò»†ÿ Þ†ì�õ²ü}þ Þ†ø¼

Ÿ»íãý±ÿ ¬…º}ú ô üßñõ…̈}þ ̈õ¬ °… …² ¬¶• ¬…¬û …¶•.

|

…°²ü†‹þ Þ†°…üþ Ò»†ø†ÿ Þ†ì�õ²ü}þ

Ò»†ø†ÿ Þ†ì�õ²ü}þ {ùýú º~û ‹† º±…üÈ …°…̂ú º~û ¬° ›~ôë 1 ìõ°¬

„²ìõó …°²ü†‹þ Þ†°…üþ ¬° ìÛ~…° ›~…ü¼ üõó|ø†ÿ üà|Ê±Öý}þ ô {Ïýýò

ìÛ~…° º†° ÎŒõ°ÿ …² Ò»† Ú±…° â±Ö}ñ~. ð}†ü� „²ìõó Þ†°…üþ Ò»†ø†ÿ

Þ†ì�õ²ü}þ ô ô…‹·}ãþ „ó ‹ú ô›õ¬ …Ö³ô¬ðþ|ø†ÿ PVPô GEP¬°

ºßê|ø†ÿ 8 ô 9  ð»†ó ¬…¬û º~û …¶•. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€

ô›õ¬ PVP| …÷± Ÿñ~…ðþ ‹± ìÛ~…° �̧|¬øþ Ò»† ð~…°¬€ ôèþ ‹± º†°

ÎŒõ°ÿ …² Ò»† ìõ÷± …¶•. ‹† …Ö³ô¬ó PVP| ‹ú ìÛ~…° 5/2 ¬°¾~€ º†°

…Ö³…ü¼ 04 ¬°¾~ÿ ð·Œ• ‹ú ¤†è}þ ð»†ó ¬…¬ Þú …² PVP| …¶}×†¬û ð»~û

‹õ¬ ô Ò»† ¤†ôÿ SEP¨†èÀ ‹õ¬. …ì†€ øñã†ìþ Þú ÒéË• PVP| ¬°

ì¥éõë �éýí±ÿ ‹ú ìÛ~…° 5 ¬°¾~ …Ö³…ü¼ ìþ|ü†‹~€ º†° ÎŒõ°ÿ …² Ò»†

Þ†ø¼ ð»†ó ìþ|¬ø~. …üò {Óýý±…– ¬° º†° ÎŒõ°ÿ€ ð†ºþ …² {Óýý±…–

…üœ†¬ º~û ¬° ºßê|ºñ†¶þ€ {Óýý± …‹Ï†¬ ¤×±û|ø† ô ÖÃ†ÿ …¶×ñœþ

ìõ›õ¬ ¬° æüú ²ü±üò Ò»†¶• Þú ‹¥™ „ó ‹ú Æõ° Þ†ìê ¬° ‹©¼ …÷±

PVP| ‹± ¶†̈}†° ²ü± æüú SEP| º±§ ¬…¬û º~û …¶•.   |

ô›õ¬ GEP| ¬° Ò»†ÿ ²ü±æüú …÷± Ÿ»î|âý±ÿ ‹± Þ†°…üþ Ò»†ÿ

Þ†ì�õ²ü• ¬…º}ú …¶•. ô›õ¬ �éýí± „Ž|¬ô¶• GEP€ „Ž|¬ô¶}þ

Ò»†ÿ Þ†ì�õ²ü• °… …Ö³…ü¼ ìþ|¬ø~ Þú …üò …ì± º†° ÎŒõ°ÿ …² Ò»† °… ‹ú

Æõ° Ÿ»î|âý±ÿ …Ö³…ü¼ ¬…¬û …¶•. øî|Ÿñýò€ ‹† {õ›ú ‹ú ºßê 7 ‹ú ¬èýê

…üœ†¬ {©é©ê ¬° ¶Ç¦ Ò»†ÿ ¤†ôÿ GEP| ô Þ†ø¼ Â©†ì• ü† ¤Ù̄

ºßê7 -{¿õü± ¶Ç¦ Ò»†ÿ Þ†ì�õ²ü}þ ‹† ²ü±æüú SEP|: )…èØ( ‹~ôó

GEP|€ )Ž( SEP| ô02% GEP| ô )ž(SEP| ô 05% GEP.|

)…èØ(

)Ž(

)ž(

Archive of SID

www.SID.ir



221

‹±°¶þ …÷± ô›õ¬ …Ö³ô¬ðþ �éýí±ÿ ‹± ºßê|ºñ†¶þ ô Þ†°…üþ æüú|ø†ÿ Ò»†ÿ ð†ðõÖýé}± Þ†ì�õ²ü}þ... Î†¬ë ¶±ô½ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 3€ ìƒƒ±¬…¬ -ºƒù±üƒõ° 9831 

æüú ÖÏ†ë AP| ‹± ¶Ç¦ Ò»†€ Þ†°…üþ æüú ð†²á �éþ„ìý~ÿ Þ†ø¼ ü†Ö}ú ô

¬° Ò»†ÿ ‹† 05 ¬°¾~ GEP€ {Û±üŒ†_ Þ†°…üþ ¤Ù̄ ðíà ‹ú Æõ° Þ†ìê …²

¬¶• °Ö}ú …¶•.  |

ð}ýœú|âý±ÿ    |

ð}†ü� …üò �µôø¼ ð»†ó ìþ|¬ø~€ ô›õ¬ …Ö³ô¬ðþ ¬° ì¥éõë|ø†ÿ �éýí±ÿ

¬° ì±¤éú {»ßýê ²ü±æüú Ò»†ø†ÿ Þ†ì�õ²ü}þ€ °ôÿ ¶†² ô Þ†° ›~…ü¼

Ö†² ì¥éõë �éýí±ÿ …÷± ìþ|â̄…°¬ ô ¬° ð}ýœú ìõ›� {Óýý± ¬°

ºßê|ºñ†¶þ ô Þ†°…üþ Ò»†ø†ÿ Þ†ì�õ²ü}þ ðù†üþ ìþ|ºõ¬. ‹† …Ö³ô¬ó

PVP{† ¤~ÿ ì»©À€ ¤×±û|ø†ÿ ìõ›õ¬ ¬° ²ü±æüú …² ¤†è• …ºßþ€

…ðã»}þ ô Þ†ð†èþ ºßê ‹ú Þ†ð†ë|ø† ô ¤×±û|ø†ÿ ‹³°å {Óýý± ºßê

ìþ|¬øñ~. ‹† …Ö³…ü¼ ‹ý»}± „ó ºßê|ºñ†¶þ Ò»† ‹ú Æõ° ìœ~¬ ¬Ÿ†° {Óýý±

ìþ|ºõ¬€ …‹Ï†¬ Þ†ð†ë|ø† ô ¤×±û|ø† Þ†ø¼ ü†Ö}ú ô ô›õ¬ ÖÃ†ÿ …¶×ñœþ

¬° Ò»† …Ö³…ü¼ ìþ|ü†‹~. ‹† ô›õ¬ GEP| ¬° ì¥éõë �éýí±ÿ€ ‹±…ÿ °¶ý~ó

‹ú º±…üÈ ›~…ü¼ Ö†² ²ì†ó ‹ý»}±ÿ ðý†² …¶•. ‹† …Ö³…ü¼ ìÛ~…° ÒéË•

GEP| ô ‹ú {ŒÐ „ó …Ö³…ü¼ â±…ð±ôÿ ì¥éõë€ ¶±Î• ›†‹ú|›†üþ ¤çë ô

Òý±¤çë ¬° ¤í†ï …ðÏÛ†¬ Þ†ø¼ ìþ|ü†‹~ ô ºßê|ºñ†¶þ Ò»† ‹ú ¶í•

{»ßýê ¤×±û|ø†ÿ ÞõŸà|{± ô ð†¤ýú …¶×ñœþ ‹ý»}± �ý¼ ìþ|°ô¬.

øî|Ÿñýò€ ‹† …Ö³…ü¼ ÒéË• GEP| € {»ßýê æüú ð†²á AP| °ôÿ ¶Ç¦

Ò»† ¬Ÿ†° ðÛÀ ìþ|ºõ¬ ô ‹ú øí†ó ð·Œ• Þ†°…üþ Ò»† ¬° ›~…¶†²ÿ

ðíà|ø† Þ†ø¼ ìþ|ü†‹~.  |

Ú~°¬…ðþ

ðõü·ñ~â†ó ¬° …üò �µôø¼ …² ¤í†ü• ì†èþ ¾ñ~ôÝ ¤í†ü• …²

�µôø»ã±…ó )Þ~ 22148( …¶}×†¬û Þ±¬û|…ð~ Þú ì±…{� Ú~°¬…ðþ ̈õ¬ °…

…Îçï ìþ|¬…°ð~.  

)…èØ(

)Ž(

)…èØ(

)Ž( ºßê 8 -…÷± ô›õ¬ …Ö³ô¬ðþ PVP| ‹± Þ†°…üþ Ò»†ø†ÿ Þ†ì�õ²ü}þ.

ºßê 9 -…÷± ô›õ¬ …Ö³ô¬ðþ GEP| ‹± Þ†°…üþ Ò»†ÿ Þ†ì�õ²ü}þ.   |

Archive of SID

www.SID.ir



‹±°¶þ …÷± ô›õ¬ …Ö³ô¬ðþ �éýí±ÿ ‹± ºßê|ºñ†¶þ ô Þ†°…üþ æüú|ø†ÿ Ò»†ÿ ð†ðõÖýé}± Þ†ì�õ²ü}þ...Î†¬ë ¶±ô½ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 3€ ìƒƒ±¬…¬ -ºƒù±üƒõ° 9831 222

1. Nunes S.P., Membrane Technology in the Chemical Industry,

Wiley-VCH, Germany, 2006.

2. Ahmad A.L., Ooi B.S., Mohammad A.W., and Choudhury J.P.,

Effect of Constricted Polymerization Time on NF Membrane

Characteristic and Performance: A Study Using Donnan Steric

Pore Flow Model, J. Appl. Polym. Sci., 94, 394-399, 2004.

3. Vrijenhoek E.M., Hong S., and Elimelech M., Influence of Mem-

brane Surface Properties on Initial Rate of Colloidal Fouling of

Reverse Osmosis and Nanofiltration Membranes, J. Memb. Sci.,

188, 115-118, 2001.

4.  Volchek K., Velicogna D., Obenauf A., Somers A., Wong B., and

Tremblay A., Novel Applications of Membrane Processes in Soil

Cleanup Operations, Desalination, 147, 123-126, 2002. 

5. Akbari A., Remigy J.C., and Aptel P., Treatment of Textile Dye

Effluent Using a Polyamide-based Nanofiltration Membrane,

Chem. Eng. Proc., 41, 601-609, 2002.

6. Paugam L., Taha S., Cabon J., and Dorange G., Elimination of

Nitrate Ions in Drinking Waters by Nanofiltration, Desalination,

152, 271-274, 2002.

7. Petersen R.J., Composite Reverse Osmosis and Nanofiltration

Membrane, J. Memb. Sci., 83, 81-150, 1993.

8. Singh P.S., Joshi S.V., Trivedi J.J., Devmurari C.V., Rao A.P., and

Ghosh P.K., Probing the Structural Variations of Thin Film

Composite RO Membranes Obtained by Coating Polyamide

over Polysulfone Membranes of Different Pore Dimensions, J.

Memb. Sci., 278, 19-25, 2006.

9. Ghosh A., Jeong B.H., Huang X., and Hoek E.M.V., Impacts of

Reaction and Curing Conditions on Polyamide Composite Reverse

Osmosis Membrane Properties, J. Memb. Sci., 311, 34-45, 2008.

10. Meihong L., Sanchuan Y., Yong Z., and Congjie G., Study on

Thin-film Nanofiltration Membrane for the Removal of Sulfate

from Concentrated Salt Aqueous: Preparation and Performance,

J. Memb. Sci., 310, 289-295, 2008.

11. Roh I.J., Kim J.J., and Park S.Y., Mechanical Properties and

Reverse Osmosis Performance of Interfacially Polymerized

Polyamide Thin Films, J. Memb. Sci., 197, 199-210, 2002.

12. Kwak S.Y., Jung S.G., Yoon Y.S., and Ihm D.W., Details of Sur-

face Feature in Aromatic Polyamide RO Membranes Character-

ized by Scanning Electron and Atomic Force Microscopy, J.

Polym. Sci., B, 37, 1429-1440,1999.

13. Freger V., Nanoscale Heterogeneity of Polyamide Membrane

Formed by Interfacial Polymerization, Lungmuir, 19, 4791-

4797, 2003.

14. Barzin J. and  Sadatnia B., Correlation between Macrovoid For-

mation and the Ternary Phase Diagram for Polyethersulfone

Membranes Prepared from two Nearly Similar Solvents, J.

Memb. Sci., 325, 92-97, 2008.

15. Barzin J. and Sadatnia B., Theoretical Phase Diagram Calcula-

tion and Membrane Morphology Evaluation for Water/Sol-

vent/Polyethersulfone Systems, Polymer, 48, 1620-1631, 2007.

16. Chakrabarty B., Ghoshal A.K., and Purkait M.K., Preparation,

Characterization and Performance Studies of Polysulfone Mem-

branes Using PVP as an Additives, J. Memb. Sci., 315, 36-47, 2008.

17. Chakrabarty B., Ghoshal A.K., and Purkait M.K., Effect of

Molecular Weight of PEG on Membrane Morphology and Trans-

port Properties, J. Memb. Sci., 309, 209-221, 2008. 

18. Madaeni S.S., Rahimpour A., and Barzin J., Preparation of

Polysulfone Ultrafiltration Membranes for Milk Concentration:

Effect of Additives on Morphology and Performance, Iran.

Polym. J., 14, 421-428, 2005.

19. Barzin J., Madaeni S.S., and Mirzadeh H., Effect of Preparation

Conditions on Morphology and Performance of Hemodialysis

Membranes Prepared from Polyether Sulfone (PES) and

Polyvinylpyrrolidone (PVP), Iran. Polym. J., 14, 353-360, 2005.

20. Barzin J., Madaeni S.S., Mirzadeh H., and Mehrabzadeh M.,

Effect of Polyvinylpyrrolidone on Morphology and Performance

of Hemodialyssis Membranes Prepared from Polyether Sulfone,

J. Appl. Polym. Sci., 92, 3804-3813, 2004.

21. Boom R.M., Wienk I.M., Van den Boomgaard T., and Smulders

C.A., Microstructures in Phase Inversion Membranes. Part2. The

Role of Polymeric Additives, J. Memb. Sci., 73, 277-292, 1992.

22. Kim J.H. and Lee K.H., Effect of PEG Additive on Membrane

Formation by Phase Inversion, J. Memb. Sci., 138, 153-163, 1998.

23. Kim I.C. and Lee K.H., Effect of Poly(ethylene glycol) 200 on

the Formation of a Polyetherimide Asymmetric Membrane and

Its Performance in Aqueous Solvent Mixture Permeation, J.

Memb. Sci., 230, 183-188, 2004.

24. Young T.H. and Chen L.W., Pore Formation Mechanism of

Membranes from Phase Inversion Process, Desalination, 103,

233-247, 1995.

ì±…›Ð

Archive of SID

www.SID.ir


