
S
tyrene nanocomposites were synthesized by in-situ atom transfer radical

polymerization at 110oC. The variations of monomer conversion and the

linearity of semilogarithmic kinetic plot, some signs of living polymeriza-

tion and constant radical concentration in the reaction medium, were revealed by gas

chromatography technique (GC). According to the gel permeation chromatography

(GPC) results, the number average molecular weight increased linearly against the

monomer conversion indicating the living nature of the polymerization. Weight

average molecular weight and polydispersity of nanocomposites were also derived

from GPC data. In addition, the PDI value was wider for polymers extracted from

nanocomposite samples, and still widened as the clay content increased. Moreover,

all the samples experienced a fall in PDI value from nearly 2 to almost 1.1 as the

reaction progressed. FTIR results are indications of some interactions between clay

surface and monomer, which may be attributed to higher rated in polymerization

kinetics. XRD displayed no peak in in-situ synthesized nanocomposites indicating an

exfoliated structure in the prepared nanocomposites; conversely, a solution blending

technique resulted in an intercalated structure. AFM phase images well displayed the

dispersion of nanoclay in the polymeric matrix. The delamination of clay platelets in

the polymer matrix of in-situ prepared nanocomposite is demonstrated by TEM

images; on the other hand, TEM results revealed the intercalated structure of

nanocomposites prepared by solution blending technique.
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…ìß†ó ô°ô¬ …Þ·ýµó ‹ú ì¥ýÈ ô…Þñ¼ ô›õ¬ ¬…º}ú ‹†º~. ¶�̧€ ì¥ýÈ
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ì¥†¶Œ†– ¶ýñ}ýßþ ¬° …÷± ²ü†¬ ‹õ¬ó â±…ð±ôÿ ì¥ýÈ ô…Þñ¼€ …² øí†ó

¬Ú†üÜ ð©·}ýò ô…Þñ¼ …² ìÛ~…°ÿ ¤çë ‹þ|…÷± „ðý·õë ‹±…ÿ °ÚýÜ|¶†²ÿ

ì¥ýÈ ô…Þñ¼ …¶}×†¬û º~û …¶•.

‹± …¶†¹ ¬…¬û|ø†ÿ ¤†¾ê …² „²ì†ü¼ °ðä|ðã†°ÿ ́ë {±…ô…üþ€ …ìß†ó

ì¥†¶Œú ô²ó|ø†ÿ ìõèßõèþ ì}õ¶È Î~¬ÿ ô ô²ðþ ô ðý³ º†̈À

�±…Þñ~âþ ðíõðú|ø†ÿ �éýí±ÿ ô ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ �̧ …² ›~…ü¼

¾×¥†– ð†ðõ …² ²ìýñú �éýí± Ö±…øî ìþ|ºõ¬. ¬° ì¥†¶Œú ô²ó ìõèßõèþ ‹ú

°ô½ ðË±ÿ ðý†² ‹ú ¬…º}ò ¬°›ú {Œ~üê …¶•. ‹ñ†‹±…üò€ ô²ó ìõèßõèþ

Î~¬ÿ ðË±ÿ ‹ú Þíà ¬…¬û|ø†ÿ „²ìõó °ðä|ðã†°ÿ â†²ÿ ‹ú ¬¶•

ìþ„ü~. ô²ó ìõèßõèþ ðË±ÿ …² ìÏ†¬èú )2( ‹ú ¬¶• ìþ„ü~:

¬° …üò ìÏ†¬èú 0]M[| ô 0]I[| ‹ú {±{ý� ÒéË• …ôèýú ìõðõì± ô „Ò†²â± …¶•.

p| ¬°›ú {Œ~üê ô 0M| ô²ó ìõèßõèþ ô…¤~ {ß±…°ÿ �éýí± ìõ°¬ ðË± )‹±…ÿ

…¶}ý±ó …üò ìÛ~…° ‹±…‹± lom/g51/401 …¶•( …¶•. ›~ôë 3 ô²ó|ø†ÿ

ìõèßõèþ ô º†̈À �±…Þñ~âþ ðíõðú|ø†ÿ �éýí±ÿ ô ð†ðõÞ†ì�õ²ü}þ °…

ð»†ó ìþ|¬ø~. …°{Œ†É ìñ†¶� ‹ýò ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ {œ±‹þ ô

ðË±ÿ ô ‹ú ¬ðŒ†ë „ó ‹†²¬û ²ü†¬ „Ò†²â± ð»†ó|â± Þñ}±ë ìñ†¶� ‹±

�éýí±º~ó ô ‹±Ú±…°ÿ º±…üÈ ìñ†¶� ‹±…ÿ ²ð~û ‹õ¬ó �éýí±º~ó …¶•. 

ð}†ü� ¤†¾ê …² „²ìõó CPG| ¬° ºßê 2 „ô°¬û º~û …¶•. ìÇ†‹Ü

ð}†ü�€ ô²ó ìõèßõèþ ðíõðú|ø†ÿ �éýí±ÿ …¶}©±…ž º~û …² ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü}þ ô²ó ìõèßõèþ ‹ý»}±ÿ …² ðíõðú �éýí±ÿ ̈†èÀ ¬…°ð~ ô ‹†

…Ö³…ü¼ ìÛ~…° ð†ðõ®°…–€ ô²ó ìõèßõèþ ì¥¿õë …Ö³…ü¼ ü†Ö}ú …¶•. �̧

‹† …Ö³…ü¼ ð†ðõ®°…– ðú {ñù† �éýí±º~ó Þñ~ ü† ‹†²¬…º}ú ðíþ|ºõ¬€ ‹éßú

ð†ðõ®°…– …÷± Þ†{†èý³ô°ÿ ¬…°ð~ ô ô²ó ìõèßõèþ ²ü†¬ ìþ|ºõ¬.

…² Æ±Öþ ‹ú Îé• …üò Þú ð†ðõ®°…– ‹ú Îñõ…ó ð†̈†è¿þ ¬° ì¥ýÈ

�éýí±º~ó ø·}ñ~€ ‹†Î™ …Ö³…ü¼ º†̈À �±…Þñ~âþ ô ¬° ð}ýœú �ùò

º~ó {õ²üÐ ô²ó ìõèßõèþ ìþ|ºõð~. �̧ ô›õ¬ ð†ðõ®°…– {† ¤~ ‹·ý†°

Þíþ …² ̈¿é• ²ð~û �éýí±º~ó ð·Œ• ‹ú �éýí±º~ó ̈†èÀ …¶}ý±ó

ìþ|Þ†ø~. Þ†ø¼ ‹†²¬û „Ò†²â± ‹† …Ö³…ü¼ ìÛ~…° ð†ðõ®°…– ðý³ ìõöü~ …üò

ìÇé� …¶•. ‹† …Ö³…ü¼ ²ì†ó {õ°ï ð†ðõ®°…– ¬° ìœ†ô°– ìõðõì± ô²ó

ìõèßõèþ ô ¬°¾~ {Œ~üê ²ü†¬ ìþ|ºõ¬. ¶†²â†°ÿ ð†ðõ®°…– ô ìõðõì±

‹†Î™ {õ°ï ‹ý»}± ð†ðõ®°…– ‹† …Ö³…ü¼ ²ì†ó øî|²¬ó ìõðõì± ô ð†ðõ®°…–

ìþ|ºõ¬. ‹† °¶õ« ìõðõì± ‹ýò ¾×¥†– ð†ðõ …÷± Þ†{†èý³ô°ÿ ð†ðõ®°…–

‹ý»}± ìç¤Ëú ìþ|ºõ¬. ‹ñ†‹±…üò€ ìÛ~…° ¬°¾~ {Œ~üê …Ö³…ü¼ ìþ|ü†‹~. …²

Æ±Öþ ‹†Î™ Þ†ø¼ ‹†²¬û „Ò†²â± ìþ|ºõ¬ Þú Îé• „ó ðý³ �±…Þñ¼ ‹ý»}±

ð†̈†è¿þ ¬° ì¥ýÈ ìõðõì± ô ‹±øî|̈õ°¬ó ‹ý»}± ¤†è• ²ð~û �éýí±º~ó

…¶•. Ÿñýò …÷± …Ö³…ü»þ ¶±Î• �éýí±º~ó ô ô²ó ìõèßõèþ ‹† …Ö³…ü¼

²ì†ó {õ°ï ̈†á|°¹ ¬° ìõðõì± ‹±…ÿ �éýí±º~ó …{ýê„Þ±üç– ¬°

ìœ†ô°– ð†ðõ®°…– ̈†á °¹ ðý³ ì»†ø~û º~û …¶• ]71[. ¬° …üò ‹†°û

â±ôû Þ±‹õÞ·ýê ìõ›õ¬ ¬° ¶†̈}†° ìõðõì± …{ýê„Þ±üç– ‹ú ¬èýê
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ºßê 2 -ðíõ¬…° {õ²üÐ ô²ó ìõèßõèþ ðíõðú �éþ|…¶}ý±ó ô ¶†ü±

ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ.
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‹±øî|Þñ¼ ‹† ‹†° ìñ×þ ìõ›õ¬ °ôÿ ¾×¥†– ̈†á °¹ ‹†Î™ Ÿñýò

°Ö}†°ÿ ìþ|ºõ¬. °ôð~ …Ö³…ü»þ º†̈À �±…Þñ~âþ ¬° ð}ýœú °ôð~

Þ†ø»þ ‹†²¬û „Ò†²â± …¶•.  øî|Ÿñýò€ ‹† ô›õ¬ ð†̈†è¿þ ð†ðõ®°…–

‹†²øî º±…üÈ ¶ñ}³ �éýí± ‹† ¶†̈}†° ìõèßõèþ ô ô²ó ìõèßõèþ ìÏýò ¬° …÷±

…üœ†¬ º±…üÈ �éýí±º~ó ²ð~û {† ¤~ô¬ ‹·ý†° ²ü†¬ÿ Ö±…øî …¶•. Þî

‹õ¬ó Ú†‹ê ìç¤Ëú º†̈À �±…Þñ~âþ ¬° …üò �µôø¼ ¬èýéþ ‹± Þñ}±ë

‹ùýñú ‹± ¶†ì†ðú �éýí±º~ó …¶•€ ¬° ¤†èþ Þú ¬° ìõ…°¬ �µôø»þ ì»†‹ú Þú

…÷± ¶ýñ}ýßþ ð†ðõ®°…– ‹±°¶þ º~û …¶•€ ìÛ†¬ü± ‹ý»}±ÿ …² º†̈À

�±…Þñ~âþ ‹ú ¬¶• „ì~û …¶• ]71€61[.

ºßê 3 ðíõ¬…° ô²ó ìõèßõèþ Î~¬ÿ ô º†̈À �±…Þñ~âþ ðíõðú|ø†ÿ

SP€ 024NSP| ô 504NSP| °… ‹± ¤·� ¬°¾~ {Œ~üê ð»†ó ìþ|¬ø~.

¨Çþ ‹õ¬ó ðíõ¬…° ô²ó ìõèßõèþ ì}õ¶È Î~¬ÿ ‹± ¤·� ¬°¾~ {Œ~üê

…² ôüµâþ|ø†ÿ �éýí±º~ó ²ð~û …¶•. ìç¤Ëú ìþ|ºõ¬ Þú ðíõ¬…° ô²ó

ìõèßõèþ ‹± ¤·� ²ì†ó {† ¤~ ²ü†¬ÿ ̈Çþ …¶• ô …üò ð»†ó|¬øñ~û

Þñ}±ë ‹ùýñú �éýí±º~ó …¶•.

º†̈À �±…Þñ~âþ ‹† {õ›ú ‹ú ìÏ†¬èú )3( ð·Œ• Îß̧ ‹† ¬°›ú {Œ~üê

)…èØ()Ž(

)ž(

ºßê3 -ðíõ¬…° ô²ó ìõèßõèþ Î~¬ÿ ô º†̈À �±…Þñ~âþ ðíõðú|ø†ÿ ì©}éØ ‹± ¤·� ¬°¾~ {Œ~üê: )…èØ( SP|€ )Ž( 024NSPô )ž( 504NSP.
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ô ¬°›ú �éýí±º~ó ¬…°¬ Þú ¬° ðíõ¬…° ºßê 4 ‹ú ôÂõ§ …üò °…‹Çú Ú†‹ê

ì»†ø~û …¶•:

¬° …üò ìÏ†¬èú IDP€ nPD| ô p| ‹ú {±{ý� º†̈À �±…Þñ~âþ€ ¬°›ú

�éýí±º~ó ô ¬°›ú {Œ~üê€ pk| ô tcaedk| ‹ú {±{ý� ÷†‹• ¶±Î• °º~ ô

÷†‹• ¶±Î• Òý±ÖÏ†ë|¶†²ÿ ô 0]XR[| ô ]XR[| ‹ú {±{ý� ÒéË• …ôèýú ô

ÒéË• ¬° ²ì†ó t| „Ò†²â± …¶•.

ðý±ôÿ Ÿ·Œñ~âþ ‹ýò ¾×¥†– ̈†á|°¹ …² ðõÑ ðý±ôÿ ô…ð~°ô…ȩ̀ ô

ðý±ôÿ ÂÏýØ ¬ôÚÇŒþ …¶•. ‹± …¶†¹ ¬…¬û|ø†ÿ °ô½ DRX| …ìß†ó

‹±°¶þ ð¥õû �±…Þñ¼ ¾×¥†– ̈†á|°¹ ¬° ²ìýñú �éýí±ÿ Ö±…øî

ìþ|ºõ¬. ‹~üò {±{ý�€ ¬° ðõ…¤þ Þú ¾×¥†– ̈†á|°¹ ‹ú Æõ° Þ†ìê …²

øî ›~… º~û ô ¬° ²ìýñú �éýí± �±…Þñ~û º~û|…ð~€ �±…½ �±{õ X| ‹ú ¬èýê

øíãñþ ì¥ýÈ ì»†ø~û ðíþ|ºõ¬. …ì†€ ¬° ðõ…¤þ Þú ¾×¥†– …² øî ›~…

ð»~û|…ð~ ü† ¬° Æõë øî èÓ³ü~û ô �±…Þñ~û ð»~û|…ð~€ �±…½ �±{õ X| ì»†ø~û

ìþ|ºõ¬. ‹† {õ›ú ‹ú ²…ôüú �±…½ …ìß†ó ì¥†¶Œú Ö†¾éú ‹ýò ¾×¥†–

¨†á|°¹ Ö±…øî ìþ|ºõ¬. ü†¬„ô° ìþ|ºõ¬€ …üò Ö†¾éú ¬° …÷± ð×õ® ìõðõì±€

²ðœý± �éýí± ðý±ôÿ ‹±½ …² ìÛ~…° …ôèýú …Ö³…ü¼ ìþ|ü†‹~. Ö†¾éú ‹ýò

¾×¥†– ̈†á °¹ ‹† …¶}×†¬û …² Ú†ðõó ggarB)ìÏ†¬èú 4( ì¥†¶Œú

ìþ|ºõ¬:

Þú ¬° …üò ìÏ†¬èú d| Ö†¾éú ‹ýò æüú|…ÿ€| Æõë ìõž �±{õ X| ‹ú Þ†° â±Ö}ú

º~û ô θ| ²…ôüú �±…½ …¶•.

‹† {õ›ú ‹ú ºßê 4 ì»†ø~û ìþ|ºõ¬€ øý¢|Þ~…ï …² ðíõðú|ø†ÿ

ð†ðõÞ†ì�õ²ü}þ {ùýú º~û ‹ú °ô½ ¬°›† Úéú �±…½ ̈†¾þ ð»†ó ð~…¬û|…ð~

Þú ð»†ó|â± …üò ¤ÛýÛ• …¶• Þú ²…ôüú �±…½ 100d| ¬° ð}ýœú …Ö³…ü¼

Ö†¾éú ‹ýò ¾×¥†– ̈†á|°¹ ‹ú ìÛ†¬ü±ÿ ÞõŸà|{± )2<θ2( …ð}Û†ë ü†Ö}ú

…¶•. ‹ñ†‹±…üò€ ð†ðõ®°…– ‹ú ºßê øíãò ¬° ì¥ýÈ �éýí± �±…Þñ~û º~û|…ð~

ô ì¥¿õë ð†ðõÞ†ì�õ²ü• ô°Úú|…ÿ ¤†¾ê º~û …¶•. ‹±…ÿ ðíõðú

ð†ðõÞ†ì�õ²ü• {ùýú º~û ‹ú °ô½ ¬° ì¥éõë Úéú �±…½ ¬° θ|2 ‹±…‹±
o829/3 ì»†ø~û ìþ|ºõ¬ Þú ìÏ†¬ë ‹† Ö†¾éú ‹ýò ¾×¥ú|…ÿ ìÏ†¬ë ‹†

A
o 

34/22 …¶•. …üò âõðú °Ö}†° ‹ú Îé• ¤¿õë ¶†̈}†° ‹ýò|æüú|…ÿ …¶•.

ð†ðõ®°…– ðý³ Ö†¾éú ‹ýò ¾×¥ú|…ÿ ìÏ†¬ë ‹† A
o  

447/81 ) 617/4=θ2( ð»†ó

ìþ|¬øñ~. �éþ|…¶}ý±ó ̈†èÀ ðý³ ‹ú Îé• Î~ï ô›õ¬ ¾×¥†– ̈†á|°¹

øý¢ Úéú �±…ºþ ð»†ó ðíþ|¬ø~. ¬° ÒéË•|ø†ÿ {† 01 ¬°¾~ ô²ðþ

¨†á|°¹ ðý³ øý¢ ð»†ó �±…ºþ ì»†ø~û ð»~ Þú ð}ýœú „ó ¬° ðíõ¬…°

„ô°¬û ð»~û …¶•.

ºßê 5 ÆýØ RITF| ì±‹õÉ ‹ú ðíõðú ̈†èÀ �éýí±ÿ ô øî|Ÿñýò ÆýØ

ì±‹õÉ ‹ú ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ {ùýú º~û ¬° º±…üÈ ì©}éØ °… ð»†ó

ìþ|¬ø~. ð}†ü� ¤†¾ê …² ÆýØ|ø†ÿ RITF| ô øî|Ÿñýò …Î~…¬ ìõ›þ

ì±‹õÉ ‹ú �ýõð~ø†ÿ ÚÇŒþ ìõ›õ¬ ¬° ðíõðú|ø† ¬° ›~ôë 4 „ô°¬û º~û

…¶•. ‹±…ÿ ìÛ†ü·ú …÷± ð†ðõ®°…– ̈†á °¹ ‹± �éýí±º~ó ô Îß̧|…èÏíê

²ìýñú ô ð†ðõ®°…–€ ÆýØ RITF| ð†ðõ®°…– ðý³ „ô°¬û º~û …¶•.

|¬° Þ†° �µôø»þ ì»†‹ú …² ÆýØ RITF| ‹±…ÿ ì»†ø~û …÷± ð†ðõ®°…– ‹±

¤±Þ•|ø†ÿ ‹±…ôðþ ²ðœý±ÿ …¶}×†¬û º~û …¶• Þú ð}†ü� …üò �µôø¼ ðý³

‹ý†ó|â± ‹±øî|Þñ¼ â±ôû|ø†ÿ …èß}±ôó|Þ»ñ~û ìõðõì± ‹† â±ôû|ø†ÿ ¬…°…ÿ
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ºßê4 -ðíõ¬…° �±…½ �±{õ X| ‹± ¤·� ²…ôüú �±…½.

ºßê5 -ÆýØ RITF| ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ ô �éýí±ÿ.
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‹†° ›³üþ ìñ×þ ̈†á|°¹ …¶• ]02[. ¬° ¤†èþ Þú ¬° …üò Þ†° „÷†°

‹±øî|Þñ¼ ð†ºþ …² °²ôð†ð̧ ›³üþ ìõðõì± ô ‹†° ›³üþ ìñ×þ ̈†á|°¹

ô …÷± „ó ‹± Îß̧|…èÏíê ¶†ü± �ýõð~ø†ÿ ºýíý†üþ ÚÇŒþ ìõ›õ¬ ¬°

ð†ðõ®°…– ̈†á °¹ ¬° ‹±…‹± �±{õ RI| ‹±°¶þ º~û …¶•.

‹† {õ›ú ‹ú ð}†ü�€ ›Ž̄ ¬° Î~¬ ìõ›þ 1-mc0023 -0003 ì±‹õÉ ‹ú

ðõ¶†ó �ýõð~ H-C| ¶ý±ð»~û ¤éÛú Öñýê …¶}ý±ó …¶•. øî|Ÿñýò€ ðõ¶†ó

¨†°ž …² ¾×¥ú ¤éÛú Öñýê ¬° ¤~ô¬ …Î~…¬ ìõ›þ 796 ô 1-mc895ô

ðõ¶†ð†– ì±‹õÉ ‹ú �ýõð~H-O| ð†ðõ®°…– ̈†á °¹ ¬° ¤~ô¬ Î~¬

ìõ›þ 1-mc8263 ìç¤Ëú ìþ|ºõ¬. ¬° ðíõðú|ø†ÿ ð†ðõÞ†ì�õ²ü}þ

ì»†ø~û ìþ|ºõ¬€ …üò �ýà {† ¤~ô¬ÿ  ‹ú ¶í• …Î~…¬ ìõ›þ Þí}±

›†‹ú|›†üþ ¬…°¬ Þú …üò …ì± ¬° ð}ýœú ‹±øî|Þñ¼ â±ôû H-O| ð†ðõ®°…–

¨†á|°¹ ‹† {õ¬û …èß}±ôðþ ¤éÛú Öñýê �éþ|…¶}ý±ó …¶•. ðõ¶†ð†–

ì±‹õÉ ‹ú �ýõð~ O-iS| ð†ðõ®°…– ̈†á|°¹ ¬° ¤~ô¬ Î~¬ ìõ›þ
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ô›õ¬ �ýõð~ rB-C| …¶•€ ð»†ó|¬øñ~û ì†øý• ²ð~û …ð}ù†ÿ ²ðœý± …¶•. ‹†

…¶}×†¬û …² ì†øý• ²ð~û ²ðœý± )ô›õ¬ �ýõð~ rB-C( …¶• Þú …ìß†ó ¶ñ}³

Þõ�éýí± ¬¶}ú|…ÿ€ º†̈ú|…ÿ ô ¶}†°û|…ÿ Ö±…øî ìþ|ºõ¬. ô›õ¬ ¶†ü±
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�ýõð~ ºýíý†üþ

022NSP 024NSP 504NSP B03 etisiolC SP

796

2541€3941€1061

0092€0023

264

8201

3263

0571€0671

657

796

9441€1941€0061

0092€0023

954

7201

4263

0571€0671

557

796

9441€2941€0061

0092€0023

164

8201

4263

0571€0671

557

ƒƒƒƒƒƒƒƒƒ

ƒƒƒƒƒƒƒƒƒ

ƒƒƒƒƒƒƒƒƒ

364

7401

8263

ƒƒƒƒƒƒƒƒƒ

ƒƒƒƒƒƒƒƒƒ

796

0541€2941€0061

0092€0023

ƒƒƒƒƒƒƒƒƒ

ƒƒƒƒƒƒƒƒƒ

ƒƒƒƒƒƒƒƒƒ

0571€0671

557

¤éÛú Öñýê

C=C

H-C „°ôì†{ýà

O-lA

O-iS

H-O

O=C
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›~ôë4 -Î~¬ ìõ›þ )1-mc( ì±‹õÉ ‹ú ‹±̈þ �ýõð~ø† ¬° ðíõðú|ø†ÿ �éýí±ÿ ô ð†ðõÞ†ì�õ²ü}þ.

ºßê 6 -{¿õü± MFA| ðíõðú  024NSP| ‹† ‹³°å|ðí†üþ mm3: )…èØ( MPS| ô )Ž( {¿õü± ›~…ü¼ Ö†².
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ºßê 7 -{¿õü± MET| ðíõðú|ø†ÿ ì©}éØ: )…èØ( 024NSPô )Ž( lS2NSP.
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