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Novel citric acid modified starch-carboxy methyl cellulose (CMC)-montmorillonite (MMT) bio-
nanocomposite films were prepared by casting method and the effect of MMT on the structural and
physical properties of the starch-CMC biocomposites was studied. X-ray diffraction test showed that
strong polar interactions between the hydroxyl groups present in the starch and CMC chains and in
the silicate layers led to intercalation of biopolymer chains into MMT layers galleries. The water
vapor permeability decreased from 2.44 to 1.13×10-7 g/mhPa as the MMT percentage increased from
0 to 7%. At the level of 7% MMT, the composite films showed the highest ultimate tensile strength
(27.55 MPa) and lowest strain-to-break (18.25%). The DSC tests showed that, the temperature posi-
tion of the melting peak increased from 221.5°C to 243.0°C as MMT content increased from 1 to 7
%, but the glass transition decreased and gradually disappeared.
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„²ìõó �±…½ �±{õ   XX|

‹ú ìñËõ° ìÇ†èÏú °ü³¶†̈}†° Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ô ‹±…ÿ {Ïýýò

ð¥õû �±…Þñ¼ æüú|ø†ÿ ̈†á|°¹ ¬° ¶†̈}†° ²ü·•|�éýí±€ …² „²ìõó

�±…½ �±{õ X| …¶}×†¬û º~.

‹±…ÿ …ðœ†ï „²ìõó€ ìõè~ �±{õ X| ¬° Vk04 ô Am04 {ñËýî º~ ô

ðíõðú|ø† ¬° ìÏ±Å �±{õ X| ‹† Æõë ìõž mn|9351/0 Ú±…° â±Ö}ñ~.

�±{õø†ÿ ‹†²{†‹»þ …² ðíõðú€ ¬° ¬ì†ÿ ì¥ýÈ ô ¬° ì¥~ô¬û ²…ôüú
o02-1=θ2| ›íÐ „ô°ÿ ô ðíõ¬…° ì±‹õÉ ‹ú º~– ‹†²{†‹¼ „ðù† °¶î º~.

¶±Î• …ðœ†ï „²ìõó nim/|o1 ô …ð~…²û â†ï|ø† o50/0 ‹õ¬.

…ð~…²û|âý±ÿ ¶±Î• …ð}Û†ë ‹©†° „Ž

¶±Î• …ð}Û†ë ‹©†° „Ž ìÇ†‹Ü °ô½ 69E MTSA …ð~…²û|âý±ÿ º~|]11[.

‹±…ÿ …üò Þ†°€ Ê±ôÙ ºý»ú|…ÿ ôüµû|…ÿ ‹† ÚÇ± mc2 ô …°{×†Ñ mc5/4 ‹ú

Þ†° â±Ö}ú º~. °ôÿ ¬°�õ½ …üò Ê±Ù|ø† ìñ×̄ÿ ‹ú ÚÇ± mm8 Ú±…° ¬…°¬

Þú ÚÇÏú|…ÿ …² Öýéî ìõ°¬ „²ìõó ¬° …üò ‹©¼ Ú±…° ìþ|âý±¬. g3 Þé·ýî

¶õè×†– Þú Hp| ìÏ†¬ë ¾×± …üœ†¬ ìþ|Þñ~ ¬° ¬…̈ê Ê±Ù|ø† Ú±…° ¬…¬û

º~. …‹}~… Öýéî|ø† ¬° °Æõ‹• ð·Œþ 55 ¬°¾~ Þú ‹† …¶}×†¬û …² Þé·ýî

ðý}±ü• …üœ†¬ º~û ‹õ¬€ ‹ú ì~– h42 º±…üÈ|¬øþ º~ð~ ô ¶�̧ ÚÇÏú|…ÿ

…² Öýéî ‹±ü~û º~ ô °ôÿ ¬°�õ½ Ê±Ù ºý»ú|…ÿ Ú±…° â±Ö• ô °ôÿ „ó

‹·}ú º~.

Ê±ôÙ ºý»ú|…ÿ øí±…û ‹† ì¥}õü†– „ðù† {õ²üò º~ð~ ô ¬°ôó ̈»ß†ðú

¤†ôÿ ì¥éõë ¶ý±º~û �}†¶ýî|¶õè×†– Ú±…° â±Ö}ñ~. �}†¶ýî ¶õè×†–

¶ý±º~û ¬° ¬ì†ÿ Co52€ °Æõ‹• ð·Œþ 79 ¬°¾~ …üœ†¬ ìþ|Þñ~.

¨»ß†ðú ¬° ¬°ôó „ðßõ‹†{õ° Co1±52 Ú±…° â±Ö• ô ‹ú ì~– Ÿù†° °ô²

ø± Ÿñ~ ¶†Î• üà ì±{Œú Ê±ôÙ {õ²üò º~ð~.   |

ìÛ~…° ‹©†° „Ž …ð}Û†ë ü†Ö}ú …² Öýéî|ø†€ …² °ôÿ …Ö³…ü¼ ô²ó Ê±Ù|ø†

ìÏýò º~. ìñ¥ñþ …Ö³…ü¼ ô²ó Ê±Ù|ø† ‹† â̄º• ²ì†ó °¶î ô �̧ …²

ì¥†¶Œú ‹±â»• ̈Çþ€ ºý� ̈È ¤†¾ê ì¥†¶Œú º~.

…² {Û·ýî Þ±¬ó ºý� ̈È ì±‹õÉ ‹ú ø± Ê±Ù€ ‹ú ¶Ç¦ Þê Öýéî Þú ¬°

ìÏ±Å …ð}Û†ë ‹©†° „Ž Ú±…° ¬…º•€ ¶±Î• …ð}Û†ë ‹©†° „Ž

)RTVW ,etar noissimsnart ropav retaw( ‹ú ¬¶• „ì~. ¶�̧ ‹†

…¶}×†¬û …² ìÏ†¬èú )1(€ ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° „Ž

)PVW ,ytilibaemrep ropav retaw(| ì¥†¶Œú º~:
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¬° …üò ìÏ†¬èú X| Â©†ì• Öýéî )m(€ P| Ö»†° ‹©†° „Ž ̈†èÀ ¬° Co52

)aP(€ 1R| °Æõ‹• ð·Œþ ¬° ̈»ß†ðú )79 ¬°¾~( ô 2R| ¬°¾~ °Æõ‹•

ð·Œþ ¬° ¬…̈ê Ê±Ù ºý»ú|…ÿ …¶•. …üò „²ìõó ‹±…ÿ ø± üà …² ðíõðú|ø†

¶ú ì±{Œú {ß±…° º~.

…ð~…²û|âý±ÿ ̈õ…Á ìß†ðýßþ

…¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {† ºß·• Öýéî|ø† ‹† …¶}×†¬û …² ¬¶}ã†û

„²ìõó ìß†ðýßþ ô ÆŒÜ …¶}†ð~…°¬ 19-288D MTSA]21[ …ð~…²û|âý±ÿ

º~. …‹}~… ðíõðú|ø† ‹ú ì~– h42 ¬° °Æõ‹• ð·Œþ 55 ¬°¾~ º±…üÈ|¬øþ

º~ð~. ¶�̧€ ¶ú ðíõðú …² ø± üà …² Öýéî|ø† ‹ú ºßê ¬ìŒê ‹† …‹Ï†¬

mc|5/0*8 ‹±ü~û º~ ô ¬° ‹ýò ¬ô Öà ¬¶}ã†û Ú±…° â±Ö•. Ö†¾éú …ôèýú

‹ýò ¬ô Öà ô ¶±Î• ¤±Þ• Öà ‹†æüþ ‹ú {±{ý� mm|05 ô nim/mm|5

{Ïýýò ô ¬…¬û|ø† ‹ú Þíà °…ü†ðú ÷Œ• º~.

…ð~…²û|âý±ÿ ̈õ…Á â±ì†üþ

¨õ…Á â±ì†üþ |ðíõðú|ø† ‹ú ô¶ýéú â±ì†¶ñ� �õü»þ {×†Âéþ …ð~…²û|âý±ÿ

º~. Þ†èýŒ±û Þ±¬ó ¬¶}ã†û ‹† …üñ~üî ô ðÛ±û …ðœ†ï º~. …² Ê±Ù „èõìýñýíþ

¨†èþ ‹ú Îñõ…ó ì±›Ð ô ›õ ðý}±ôó́ …¶}×†¬û º~. ðíõðú ‹† ô²ó {Û±üŒþ

g3/0 ‹† ¶±Î• nim/Co01 ¬° â·}±û ¬ì†üþ 03 {† Co052 �õü¼ º~ð~. …²

°ôÿ ¬ì†ðã†º• ‹ú ¬¶• „ì~û€ ¬ì†ø†ÿ ®ôŽ ô …ð}Û†ë ºý»ú|…ÿ ìÏýò

º~. ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ‹ú Îñõ…ó ðÛÇú ìý†ðú ‹ýò º±ôÑ ô �†ü†ó {Óýý±…–

ìñ¥ñþ ¬° ›±ü†ó â±ì†üþ ¬° ðË± â±Ö}ú º~.

|

{¥éýê „ì†°ÿ

{í†ï „²ìõó|ø† ¶ú ì±{Œú {ß±…° ô ¬° Ú†è� Æ±§ Þ†ìç_ {¿†¬Öþ …ðœ†ï

º~ð~. {¥éýê ô …°²ü†‹þ )AVONA( ‹† …¶}×†¬û …² ì~ë ̈Çþ M.L.G| ô

ð±ï|…Ö³…° „ì†°ÿ 5.11 SSPS| ¬° ¶Ç¦ …¤}í†ë 5 ¬°¾~ )50/0<p( ô

„²ìõó Ÿñ~¬…ìñú|…ÿ ¬…ðßò ‹±…ÿ {†‡üý~ ô›õ¬ …̈}çÙ ‹ýò ìý†ðãýò|ø†

…ðœ†ï º~.  |

ð}†ü� ô ‹¥™

„²ìõó �±…½ �±{õ  XX|

‹ú ìñËõ° ìÇ†èÏú ð¥õû �±…Þñ¼ ̈†á|°¹ ¬° ¶†̈}†° Öýéî ð»†¶}ú€ …²

„²ìõó DRX| …¶}×†¬û º~. ºßê 1 ìñ¥ñþ|ø†ÿ DRX| ðíõðú|ø†ÿ ì©}éØ

°… ð»†ó ìþ|¬ø~. øñã†ìþ Þú ̈†á|°¹ ‹† …ìõ…ž Ö±…¾õ– Îíê„ô°ÿ

ìþ|ºõ¬€ �ýà �±…½ )100( …² 34/7 ‹ú 40/6 ìñ}Ûê ìþ|ºõ¬. ÆŒÜ Ú†ðõó

‹±…å )=|θnisd2( Ö†¾éú ‹ýò æüú|ø† ¬° ̈†á|°¹ ÆŒýÏþ ô ̈†á|°¹

Îíê„ô°ÿ º~û ‹† …ìõ…ž Ö±…¾õ–€ ‹ú  {±{ý� 81/1 ô mn64/1 …¶•. …üò

…ì± ð»†ó ìþ|¬ø~€ Îíê„ô°ÿ ‹† …ìõ…ž Ö±…¾õ–€ ¬° …Ö³…ü¼ Ö†¾éú ‹ýò

æüú|ø†ÿ ̈†á|°¹ ì×ý~ …¶• ô ‹~üò {±{ý� ìþ|{õ…ð~ ‹ú ð×õ® ¶±üÐ|{± ô

°…¤•|{± ²ðœý±ø†ÿ ð»†¶}ú ¬° ÖÃ†ÿ ‹ýò …üò æüú|ø† Þíà Þñ~. ¬°

Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€ �ýà �±…½TMM| ¬° ²ô…ü†ÿ Þí}±ÿ

Ê†ø± º~û …¶• ô Ÿñ†ó Þú ì»†ø~û ìþ|ºõ¬€ ¬° øíú ÒéË•|ø†ÿ

TMM€ …üò Þ†ø¼ {Û±üŒ†_ ‹ú üà …ð~…²û ‹õ¬û …¶•. ¬° øíú Öýéî|ø†ÿ

²ü·•|ð†ðõÞ†ì�õ²ü•€ ¬° ¤~ô¬ 52/5 �ýßþ Ê†ø± ìþ|ºõ¬ Þú ‹±…‹± ‹†

Ö†¾éú mn96/1 …¶•. …üò ð}†ü� ð»†ó ìþ|¬ø~ Þú ²ðœý±ø†ÿ ø± ¬ô

²ü·•|�éýí± ð»†¶}ú ô CMC| ìþ|{õ…ðñ~ ô…°¬ ÖÃ†ÿ ‹ýò æüú|ø†ÿ

γ

ºßê 1 -ìñ¥ñþ ø†ÿ …èãõÿ �±…½ �±{õ  X| ðíõðú|ø†ÿ �õ¬° ̈†á|°¹ ô

Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•.

X
)RR(P

WVTR
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 3€ ìƒƒ±¬…¬ ƒƒ ºƒƒùƒƒ±üƒõ° 8831 

¨†á|°¹ ºõð~€ …ì† ð¥õû �±…Þñ¼€ ‹ú ºßê  ‹ýò|æüú|…ÿ º~ó …¶• ô

…̈}çÉ ô°Úú|…ÿ º~û ¤†¾ê ðíþ|ºõ¬.

ð¥õû …̈}çÉ ̈†á|°¹ ô �éýí±€ ‹ú Îõ…ìê ²ü†¬ÿ ‹·}ãþ ¬…°¬.

ìùî|{±üò Îõ…ìê ô²ó ìõèßõèþ �éýí± ô ‹±øî|Þñ¼|ø†ÿ ‹ýò ̈†á °¹ ô

²ðœý±ø†ÿ �éýí± ]31[ …¶•.

‹±øî|Þñ¼|ø†ÿ Úõÿ ‹ýò â±ôû|ø†ÿ øý~°ôÞ·ýê ð»†¶}ú€ â±ôû|ø†ÿ

øý~°ôÞ·ýê ô Þ±‹õÞ·ýê CMC| ô â±ôû|ø†ÿ øý~°ôÞ·ýê ̈†á °¹€

‹ú ð×õ® ô �±…Þñ¼ ²ðœý±ø†ÿ …üò ¬ô ²ü·•|�éýí± ¬° ‹ýò æüú ø†ÿ ̈†á

°¹ Þíà ìþ|Þñ~ ] 41[. …ì† Ÿñýò ‹ú ðË± ìþ|°¶~€ ô²ó ìõèßõèþ ²ü†¬

²ü·•|�éýí±€ ì†ðÐ …² �±…Þñ¼ Þ†ìê ô ô°Úú|…ÿ º~ó ̈†á|°¹ º~û …¶•.

²ðœý±ø†ÿ ô…¤~ ð»†¶}ú€ ¤†è• ̈Çþ ¬…°ð~ ô …ð~…²û ìõðõì±ø†ÿ „ó

¤~ô¬ mn55/0 …¶• ]51[. …üò …ð~…²û€ {Û±üŒ†_ ‹±…‹± ‹† …̈}çÙ Ö†¾éú ‹ýò

æüú|ø† ¬° ̈†á|°¹ ÆŒýÏþ ô Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• …¶•. ¬°

ð}ýœú€ …üò …¤}í†ë ô›õ¬ ¬…°¬€ {ñù† ‹©¼|ø†üþ …² ²ü·•|�éýí± Þú …²

²ðœý±ÿ ô…¤~ {»ßýê º~û|…ð~€ ‹ú ÖÃ†ÿ ‹ýò æüú|ø† ð×õ® Þññ~. ø±Ÿñ~ Þú

‹±…ÿ ¶†̈}†° Öýéî|ø†ÿ ð†ðõÞ†ì�õ²ü• ¤†¾ê …² ð»†¶}ú ̈†èÀ ô

¨†á|°¹€ �±…Þñ¼ ‹ýò|æüú|…ÿ ðý³ â³…°½ º~û …¶• ]61€9[€ …ì†€ ‹±̈þ …²

�µôø¼|â±…ó …º†°û Þ±¬û|…ð~€ ¬° ¤†è• ô›õ¬ ¶†²â†°ÿ ‹ýò ð»†¶}ú ô

¨†á|°¹ …ð}©†Ž º~û€ �±…Þñ¼ ô°Úú|…ÿ …ìß†ó|�̄ü± …¶• ]02-71[.

‹ñ†‹±…üò€ ¬èýê …üœ†¬ ¤†è• ‹ýò|æüú|…ÿ ¬° …üò �µôø¼ °… ìþ|{õ…ó ‹ú ô›õ¬

¶ý}±üà …¶ý~ ô CMC| ð·Œ• ¬…¬.

…üœ†¬ …{¿†æ– Î±Âþ ‹ú ô¶ýéú ¶ý}±üà …¶ý~ ô {»ßýê �ýõð~ø†ÿ

øý~°ô´ðþ Úõÿ|{± ô ‹ý»}± ¬° ‹ýò ²ðœý±ø†ÿ ð»†¶}ú ¬° …÷± ô›õ¬ ¶ý}±üà

…¶ý~ ô CMC|€ �ýõ¶}ãþ ô üà|�†°Ÿãþ ‹ýò ²ðœý±ø†ÿ ð»†¶}ú °… …Ö³…ü¼

ìþ|¬ø~ ô ‹† Þ†ø¼ „²…¬ÿ ô {¥±á …üò ²ðœý±ø†€ ì†ðÐ …² ð×õ® Þ†ìê „ðù† ¬°

‹ýò æüú|ø†ÿ ̈†á|°¹ ô ¬° ð}ýœú �±…Þñ¼ ô°Úú|…ÿ …üò æüú|ø† ìþ|ºõ¬.

‹±…ÿ {†‡üý~ …üò Ö±Âýú€ Öýéî ð†ðõÞ†ì�õ²ü}þ ì±Þ� …² ð»†¶}ú ô ̈†á|°¹

{õèý~ º~ Þú ¬° „ó …² ¶ý}±üà …¶ý~ ô CMC| …¶}×†¬û ð»~û ‹õ¬.

øí†ó|Æõ° Þú ¬° ºßê 1 ì»©À …¶• )ð»†¶}ú ̈†èÀ€ 5 ¬°¾~

TMM(€ ¬° …èãõÿ �±…½ …üò Öýéî€ øý¢ ðõÑ �ýßþ ì»†ø~û ðíþ|ºõ¬. Î~ï

Êùõ° �ýà€ ð»†ó|¬øñ~û …üò ðß}ú …¶• Þú …̈}çÉ ð»†¶}ú ô ̈†á|°¹ ¬°

…üò ðõÑ Öýéî€ …² ðõÑ ô°Úú|…ÿ ‹õ¬û …¶•. ¶ý}±üà …¶ý~ ‹† …üœ†¬ …{¿†æ–

Î±Âþ ô CMC| ‹† ‹±Ú±…°ÿ �ýõð~ø†ÿ øý~°ô´ðþ Úõÿ€ …² ð×õ® „²…¬…ðú ô

�±…Þñ¼ Þ†ìê ô üßñõ…̈• ²ðœý±ø†ÿ ð»†¶}ú ¬° ‹ýò æüú|ø†ÿ ̈†á|°¹

ô …üœ†¬ ¤†è• �±…Þñ¼ ìÇéõŽ ô°Úú|…ÿ ìí†ðÏ• ìþ|Þññ~.

ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° „Ž      |

ìõ…¬ ‹·}ú|‹ñ~ÿ ‹†ü~ {† ¤~ …ìß†ó€ ¤~…Úê ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° „Ž

°… ¬…º}ú ‹†ºñ~ {† …² {Œ†¬ë °Æõ‹• ‹ýò ì¥ýÈ ô ì†¬û Ò̄…üþ ìí†ðÏ• ºõ¬.

øí†ó|Æõ° Þú ¬° ºßê 2 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ìÛ~…° ̈†á|°¹€

ð×õ®�̄ü±ÿ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• Þ†ø¼ ìþ|ü†‹~. ð×õ®�̄ü±ÿ

‹±…ÿ ðíõðú º†ø~ )Öýéî ‹~ôó TMM(€  aPhm/g|7-01*44/2 ‹õ¬ Þú ¬°

Öýéî|ø†ÿ ¬…°…ÿ 1 ô 3 ¬°¾~ TMM€ ‹ú {±{ý� ‹ú 93/2 ô aPhm/g7-01*96/1

Þ†ø¼ ü†Ö•. ¬° ÒéË• 7 ¬°¾~ TMM€ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€

Þí}±üò ð×õ®�̄ü±ÿ °… ð»†ó ¬…¬ð~ )aPhm/g7-01*31/1(. Þ†ø¼

ð×õ®�̄ü±ÿ ‹† …Ö³…ü¼ ìÛ~…° TMM€ ‹† ð}†ü� ìÇ†èÏ†– ¶†ü±

�µôø¼|â±…ó€ ¬° ‹†°û …÷± ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ Öýéî ð†ðõÞ†ì�õ²ü•

ð»†¶}ú ìÇ†‹Û• ¬…°¬ ]12€41[.

ð}†ü� ì»†‹ùþ ¬°‹†°û …÷± ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ Öýéî �éþ|æÞ}ýà

…¶ý~ ]22[€ �éþ|…¶}ý±ó ]32[€ Öýéî …ü³ôèú �±ô{‰ýò „Ž �ñý± ]42[ ô Öýéî|ø†ÿ

ð†ðõÞ†ì�õ²ü• ¤†¾ê …² �ß}ýò ]52[ ô Þý}õ¶†ó]62[ â³…°½ º~û …¶•. …÷±

¨†á|°¹ ¬° Þ†ø¼ ð×õ®�̄ü±ÿ Öýéî ð»†¶}ú °… ìþ|{õ…ó ‹ú …üò {±{ý�

{õ›ýú Þ±¬ Þú ô›õ¬ æüú|ø†ÿ ̈†á|°¹ ¬° ¶†̈}†° ²ü·•|�éýí±€ ‹†Î™

…üœ†¬ ì·ý±ø†ÿ ²üã³…å ô �±�ý¢ ô ̈íþ ‹±…ÿ ð×õ® ìõèßõë ø†ÿ ‹©†° „Ž

ìþ|ºõ¬. ¬° ô…ÚÐ ‹† ô›õ¬ ̈†á|°¹€ ìõèßõë|ø†ÿ ‹©†° „Ž ‹±…ÿ ÎŒõ° …²

Öýéî€ ‹†ü~ ì·ý± Æõæðþ|{± ô �ý¡ý~û|{±ÿ °… Æþ Þññ~ ô øíýò ì·‰éú ‹†Î™

Þ†ø¼ ¶±Î• …ð}Û†ë ô ð×õ® ìõèßõë|ø†ÿ ‹©†° „Ž ìþ|ºõ¬ ]72[.

¨õ…Á ìß†ðýßþ

ºßê 3 …÷± ìÛ~…° TMM| °… °ôÿ …¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {†

ºß·• Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ð»†ó ìþ|¬ø~. ‹† …Ö³ô¬ó 3 ô 7

¬°¾~ TMM€ ‹ú {±{ý� ¬ô ô ¶ú ‹±…‹± …Ö³…ü¼ ¬° ìÛ~…° …¶}¥ß†ï

Þ»»þ ðù†üþ ì»†ø~û º~. ‹† …Ö³…ü¼ ÒéË• TMM| …² ¾×± ‹ú 7€

ºßê 2 -…÷± ìÛ~…° ̈†á|°¹ °ôÿ ð×õ®�̄ü±ÿ ‹©†° „Ž ¬° Öýéî

²ü·•|ð†ðõÞ†ì�õ²ü• ð»†¶}ú -Þ±‹õÞ·þ ì}ýê ¶éõèõ² -¨†á|°¹

)¤±ôÙ ð†ì»†‹ú ð»†ó|¬øñ~û ô›õ¬ …̈}çÙ ¬° ¶Ç¦ 5 ¬°¾~ …¶•(.  |
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…¶}¥ß†ï Þ»»þ ðù†üþ ‹ú Æõ° ìÏñþ|¬…°ÿ …² 38/9 ‹ú aPM55/72

…Ö³…ü¼ ü†Ö• ô Þ±ð¼ {† ºß·• …² 25/36 ‹ú 52/81 ¬°¾~ °¶ý~.

�µôø¼|â±…ó ¬üã±ÿ ðý³ ð}†ü� ì»†‹ùþ °… ¬° ‹†°û …Ö³…ü¼ …¶}¥ß†ï

Þ»»þ Öýéî ð†ðõÞ†ì�õ²ü• ð»†¶}ú ¬° …÷± …Ö³…ü¼ ìÛ†¬ü± ̈†á|°¹

â³…°½ Þ±¬û|…ð~ ]82€02€81€61€9[. øî|Ÿñýò€ ¬° ‹†°û …÷± ̈†á|°¹ °ôÿ

¨õ…Á ìß†ðýßþ Öýéî|ø†ÿ ²ü·•|{©±ü�|�̄ü± �ß}ýò ]52[€ Þý}õ¶†ó

]62[ ô „â†°² ]92[ ðý³ ð}†ü� ì»†‹ùþ â³…°½ º~û …¶•. ìùî|{±üò ¬èýê

‹±…ÿ {Ûõü• ìÛ†ôì• ìß†ðýßþ ¬° …÷± …Ö³ô¬ó ̈†á|°¹€ ‹±Ú±…°ÿ

�ýõð~ø†ÿ ‹ýò ¶Ç¥þ Úõÿ|{± ô ‹ý»}± ‹ýò ²ðœý±ø†ÿ ð»†¶}ú€ CMC| ô

æüú|ø†ÿ �±…Þñ~û ̈†á|°¹ …¶•.

¬° Æõë Ö±…üñ~ {õèý~ ô ̈»à|Þ±¬ó Öýéî|ø†€ �ýõð~ø†ÿ øý~°ô´ðþ

…ôèýú ‹ýò ìõèßõë|ø†ÿ ð»†¶}ú ‹† �ýõð~ø†ÿ øý~°ô´ðþ {»ßýê º~û ‹ýò

â±ôû|ø†ÿ øý~°ôÞ·ýê ð»†¶}ú€ â±ôû|ø†ÿ øý~°ôÞ·ýê ô Þ±‹õÞ·ýê

CMC| ô â±ôû|ø†ÿ øý~°ôÞ·ýê ̈†á|°¹ ›†ÿ|â³üò º~û ô {»ßýê

Ÿñýò �ýõð~ø†ÿ øý~°ô´ðþ Úõÿ ¬° ¶Ç¦ ô¶ýÐ€ ‹†Î™ …Ö³…ü¼ ìÛ†ôì•

ìß†ðýßþ ô Þ†ø¼ …ðÏÇ†Ù|�̄ü±ÿ Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•

ìþ|ºõ¬. ‹ú ÎŒ†°– ¬üã±€ æüú|ø†ÿ ¨†á|°¹ ‹ú Îñõ…ó ì†¬û

…¶}¥ß†ï|¬øñ~û ìß†ðýßþ Îíê Þ±¬û ô ‹† …Ö³…ü¼ …{¿†æ– ô ¬° ð}ýœú

…Ö³…ü¼ �ýõ¶}ãþ ‹ýò ²ðœý±ø†ÿ ²ü·•|�éýí±€ …¶}¥ß†ï Þ»»þ °…

…Ö³…ü¼ ô Þ±ð¼ ü† …ðÏÇ†Ù|�̄ü±ÿ °… Þ†ø¼ ìþ|¬øñ~.  |

¨õ…Á â±ì†üþ

ìÏíõæ_ ¬° ¬ì†ðã†º• CSD| �éýí±ø†ÿ ðýíú|‹éõ°ÿ ðËý± ð»†¶}ú€ ¬ô ðõÑ

…ð}Û†ë Ö†² ì»†ø~û ìþ|ºõ¬: …ð}Û†ë Ö†² ì±{Œú …ôë ü† Êùõ° �ýà â±ì†âý± Þú

ì±‹õÉ ‹ú ®ôŽ ðõ…¤þ ‹éõ°ÿ …¶• ô …ð}Û†ë Ö†² ì±{Œú ¬ôï ü† …ð}Û†ë

ºý»ú|…ÿ Þú ì±‹õÉ ‹ú …ð}Û†ë ºý»ú|…ÿ ðõ…¤þ ‹þ|ºßê …¶•.

ºßê 4 ìñ¥ñþ|ø†ÿ CSD| Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• °… ð»†ó

ìþ|¬ø~. Öýéî ð»†¶}ú ¬…°…ÿ 01 ¬°¾~ CMC| ô 01 ¬°¾~ ¶ý}±üà …¶ý~€

üà �ýà ®ôŽ ¬° ¬ì†ÿ Co7/191 ð»†ó ìþ|¬ø~ Þú ì±‹õÉ ‹ú ®ôŽ ðõ…¤þ

‹éõ°ÿ {»ßýê º~û Æþ �~ü~û ‹±â»• …¶•. …ì† øí†ó|Æõ° Þú ¬° ºßê 4

ð»†ó ¬…¬û º~û …¶•€ ‹† …Ö³ô¬ó TMM€ ¬ì†ÿ ®ôŽ Öýéî|ø†ÿ

²ü·•|ð†ðõÞ†ì�õ²ü• …Ö³…ü¼ ìþ|ü†‹~. ‹† …Ö³ô¬ó ìÛ~…° ̈†á|°¹ …² 1 ‹ú 7

¬°¾~€ �ýà ®ôŽ Öýéî ø† …² 5/122 ‹ú Co0/342 ìñ}Ûê ìþ|ºõ¬. …Ö³…ü¼

¬ì†ÿ ®ôŽ Öýéî|ø† ð»†ó ìþ|¬ø~ Þú …Ö³ô¬ó ̈†á|°¹ ‹ú {»ßýê ðõ…¤þ

‹éõ°ÿ ‹ý»}± ìñœ± º~û ô {¥±á ²ðœý±ø†ÿ „ìýéõ�ß}ýò °… Þ†ø¼ ìþ|¬ø~.

¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ )gT( Öýéî ²ü·•|Þ†ì�õ²ü• ð»†¶}ú - CMC€ ¬°

¤~ô¬ Co1/261 ‹õ¬. ‹† …Ö³ô¬ó 1 ¬°¾~ TMM€ gT| ‹ú Co7/961 …Ö³…ü¼

ü†Ö•. …ì†€ ô¶Ï• ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ Þí}± …² Öýéî Ö†Ú~ TMM| ‹õ¬.

ºßê 3 -…÷± ìÛ~…° ̈†á|°¹ ‹± …¶}¥ß†ï Þ»»þ ðù†üþ ô Þ±ð¼ {†

ºß·• Öýéî ²ü·•|ð†ðõÞ†ì�õ²ü• ð»†¶}ú -Þ±‹õÞ·þ ì}ýê ¶éõèõ² -

¨†á|°¹ )¤±ôÙ ð†ì»†‹ú ð»†ó|¬øñ~û ô›õ¬ …̈}çÙ ¬° ¶Ç¦ 5

¬°¾~ …¶•(.

)|…èØ(

)Ž(

ºßê 4 -ìñ¥ñþ|ø†ÿ CSD| Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü• ¤†ôÿ

¬°¾~ø†ÿ ì©}éØ ̈†á|°¹.
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…Ö³…ü¼ gT| ð»†ó ìþ|¬ø~€ ̈†á|°¹ ¬° ðõ…¤þ ‹þ|ºßê ðý³ ¶†̈}†°

Ö»±¬û ô ìñ·œíþ °… {»ßýê ìþ|¬ø~. …Ö³…ü¼ {Ï~…¬ ô º~– �ýõð~ø†€

‹†Î™ Þ†ø¼ {¥±á ²ðœý±ø† º~û ô gT| …Ö³…ü¼ ìþ|ü†‹~. ‹† …Ö³…ü¼

ìÛ~…° TMM€ �~ü~û …ð}Û†ë ºý»ú|…ÿ ‹ú {~°ü� ð†�~ü~ º~û ô ¬°

¬ì†ðã†º• Öýéî|ø†ÿ ¤†ôÿ 5 ô 7 ¬°¾~ TMM€ �~ü~û …ð}Û†ë ºý»ú|…ÿ

ì»†ø~û ðíþ|ºõ¬. ø±Ÿú ìÛ~…° ðËî|ü†Ö}ãþ ¬° ‹ýò ²ðœý±ø†ÿ �éýí±

‹ý»}± ‹†º~€ ìÛ~…° ðõ…¤þ ‹éõ°ÿ ¬° „ó �éýí± ²ü†¬{± …¶•.

æüú|ø†ÿ ̈†á|°¹ ‹† Ú±…°â±Ö}ò ¬° ‹ýò °º}ú|ø†ÿ ð»†¶}ú ô {»ßýê

�ýõð~ ‹† „ðù†€ ‹ú …Ö³…ü¼ …ð·œ†ï ¶†̈}†°ÿ ¬° ‹ýò ²ðœý±ø† Þíà ìþ|Þññ~.

‹ú ÎŒ†°– ¬üã±€ ¬° …÷± …Ö³ô¬ó ̈†á|°¹€ ðõ…¤þ ‹þ|ºßê ‹ú ðõ…¤þ

‹éõ°ÿ {Œ~üê º~û ô ¬° ð}ýœú ‹ú {~°ü� …² ì¥~ô¬û ð†¤ýú …ð}Û†ë ºý»ú|…ÿ

Þî º~û ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ …Ö³…ü¼ ìþ|ü†‹~ ]03[. ‹ñ†‹±…üò€ ìÛ†ü·ú

{Óýý±…– ¬ì†ÿ ®ôŽ ô ¬ì†ÿ …ð}Û†ë ºý»ú|…ÿ ð»†ó ìþ|¬ø~€ ð×õ®

æüú|ø†ÿ TMM| ¬° ÖÃ†ÿ ‹ýò ²ðœý±ø†ÿ ð»†¶}ú|…ÿ€ ¬° ðõ…¤þ

‹þ|ºßê …{×†Ý …Ö}†¬û …¶•. Ú±…°â±Ö}ò æüú|ø†ÿ ̈†á|°¹ ¬° ‹ýò

²ðœý±ø†ÿ ð»†¶}ú ô ‹±Ú±…°ÿ �ýõð~ ‹† „ðù† ‹†Î™ …Ö³…ü¼ ðËî ô …ð·œ†ï

¶†̈}†°ÿ ¬° ðõ…¤þ ‹þ ºßê º~û ô ‹†Î™ {Œ~üê „ðù† ‹ú ‹©¼|ø†ÿ

‹éõ°ÿ ìþ|ºõ¬ ô ¬°›ú ‹éõ°üñãþ ô ¬° ð}ýœú ¬ì†|ø†ÿ ®ôŽ ô …ð}Û†ë

ºý»ú|…ÿ Öýéî|ø† …Ö³…ü¼ ü†Ö}ú ô ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ „ðù† Þ†ø¼

ìþ|ü†‹~.   

ð}ýœú|âý±ÿ

Öýéî ²ü·•|ð†ðõÞ†ì�õ²ü• ›~ü~ …² {±Þý� ð»†¶}ú …¾ç§ º~û-CMC|-

¨†á|°¹ {õèý~ º~ ô …÷± ìÛ~…° ̈†á °¹ ‹± ôüµâþ|ø†ÿ ¶†̈}†°ÿ ô

¨õ…Á Öý³üßþ …üò Öýéî€ ìÇ†èÏú º~. „²ìõó DRX| ð»†ó ¬…¬ Þú �±…Þñ¼

¨†á °¹ ¬° Öýéî|ø†ÿ ²ü·•|ð†ðõÞ†ì�õ²ü•€ ‹ú ºßê ‹ýò|æüú|…ÿ …¶•.

¬°¤†èþ Þú ¬° Öýéî ð†ðõÞ†ì�õ²ü• ð»†¶}ú )¬° ¤†è• Î~ï …¶}×†¬û …²

¶ý}±üà …¶ý~ ô CMC(€ æüú|ø†ÿ ̈†á|°¹ ‹ú ºßê Þ†ìê ô ‹ú ¤†è•

ô°Úú|…ÿ ¬° ²ìýñú ²ü·•|�éýí± ð»†¶}ú �±…Þñ~û ìþ|ºõð~. …Ö³…ü¼ ìÛ~…°

¨†á|°¹€ ð×õ®�̄ü±ÿ Öýéî ð»†¶}ú-CMC| ð·Œ• ‹ú ‹©†° „Ž °… ðý³

Þ†ø¼ ¬…¬. ð×õ®�̄ü±ÿ ð·Œ• ‹ú ‹©†° ‹±…ÿ ðíõðú º†ø~ )Öýéî ‹~ôó

TMM( aPhm/g7-01*44/2 ‹õ¬ Þú ¬° Öýéî  ¤†ôÿ 7 ¬°¾~ TMM€ ‹ú

aPhm/g|7-01*31/1 Þ†ø¼ ü†Ö•. øî|Ÿñýò€ ÒéË• ̈†á|°¹ …÷±

ìÏñþ|¬…°ÿ °ôÿ ̈õ…Á ìß†ðýßþ Öýéî ð»†¶}ú ¬…º•. ‹† …Ö³ô¬ó 3 ô 7

¬°¾~ TMM€ ‹ú {±{ý� ¬ô ô ¶ú ‹±…‹± …Ö³…ü¼ ¬° ìÛ~…° …¶}¥ß†ï

Þ»»þ ðù†üþ ì»†ø~û º~ ô …ðÏÇ†Ù|�̄ü±ÿ Öýéî|ø† ðý³ ‹ú|Æõ° ìÏñþ|¬…°ÿ

Þ†ø¼ ü†Ö•. ‹† …Ö³…ü¼ ìÛ~…° ̈†á|°¹€ ¬ì†ÿ ®ôŽ Öýéî|ø† …Ö³…ü¼

ü†Ö• ô ì¥~ô¬û …ð}Û†ë ºý»ú|…ÿ€ Þí}± º~. …üò ð}†ü� ð»†ó ¬…¬ Þú

‹±øî|Þñ¼ æüú|ø†ÿ ̈†á|°¹ ‹† ²ðœý±ø†ÿ ð»†¶}ú€ ¬° ðõ…¤þ ‹þ|ºßê

°« ¬…¬û ô ‹ú â·}±½ ðõ…¤þ ‹éõ°ÿ ìñœ± ìþ|ºõ¬. 

ì±…›Ð

1. Larotonda F.D.S., Matsui K.N., Sobral P.J.A., and Laurindo J.B.,

Hygroscopicity and Water Vapor Permeability of Kraft Paper

Impregnated with Starch Acetate, J. Food Eng., 71, 394-402,

2005.

2. Mariniello L., Giosafatto C.V.L., Moschetti G., Aponte M., Masi

P., Sorrentino A., and Porta R., Fennel Waste-based Films

Suitable for Protecting Cultivations, Biomacromolecules, 8,

3008-3014, 2007.

3. Mali S., Sakanaka L.S., Yamashita F., and Grossmann M.V.E.,

Water Sorption and Mechanical Properties of Cassava Starch

Films and their Relation to Plasticizing Effect, Carbohyd.

Polym., 60, 283-289, 2005.

4. Averous L. and Boquillon N., Biocomposites Based on Plasti-

cized Starch: Thermal and Mechanical Behaviours, Carbohyd.

Polym., 56, 111-122, 2004.

5. Shi R., Zhang Z.Z., Liu Q.Y., Han Y.M., Zhang L.Q., and Chen

D.F., Characterization of Citric Acid/Glycerol Co-plasticized

Thermoplastic Starch Prepared by Melt Blending, Carbohyd.

Polym., 69, 748-755, 2007.

6. Ma X., Chang P.R., and Yu J., Properties of Biodegradable Ther-

moplastic Pea Starch/Carboxymethyl Cellulose and Pea

Starch/Microcrystalline Cellulose Composites, Carbohyd.

Polym., 72, 369-375, 2008.

7. Alexandre M. and Dubois P., Polymer-Layered Silicate

Nanocomposites Preparation, Properties and Uses of a New

Class of Materials, Mater. Sci. Eng., 28, 1-11, 2000.

8. Ray S.S. and Okamoto M., Polymer/Layered Silicate Nanocom-

posites: A Review from Preparation to Processing, Prog. Polym.

Sci., 28, 1539-1544, 2003.

9. Huang M., Yu J., Ma X. and Peng J., High Performance

Biodegradable Thermoplastic Starch-EMMT Nanoplastics,

Polymer, 46, 3157-3164, 2005.



{ùýú ô ‹±°¶þ ̈õ…Á Öý³üßþ  |Öýéî Þ†ì�õ²ü}þ ²ü·•|{©±ü�|�̄ü± ð»†¶}ú - CCMMCC| ...ø†¬ÿ …èí†¶þ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 3€ ìƒƒ±¬…¬ ƒƒ ºƒƒùƒƒ±üƒõ° 8831 232

10. Pukanszky B., Muller P., and Bagdi K., Thermoplastic Starch/

Layered Silicate Composites: Structure, Interaction, Properties,

Compos. Int., 13, 1-17, 2006.

11. Standard Test Methods for Water Vapor Transmission of Mate-

rial, Annual Book of ASTM Standard, 05.11, E96-95, 1995.

12. Standard Test Methods for Tensile Properties of Thin Plastic

Sheeting, Annual Book of ASTM Standard, 02. 08, D882-91,

1996.

13. Vaia R.A. and Giannelis E.P., Liquid Crystal Polymer

Nanocomposites: Direct Intercalation of Thermotropic Liquid

Crystalline Polymers into Layered Silicates, Polymer, 42, 1281-

1285, 2001.

14. Park H., Li X., Jin C., Park C., Cho W., and Ha C., Preparation

and Properties of Biodegradable Thermoplastic Starch/Clay

Hybrids, Macromol. Mater. Eng., 287, 553-558, 2002.

15. Buleon A., Colonna P., Planchot V., and Ball S., Starch Gran-

ules: Structure and Biosynthesis, Mini Review, Int. J. Biol.

Macromol., 23, 85-112, 1998.

16. Cyras V.P., Manfredi L.B., Ton-That M., and Vazquez A., Phys-

ical and Mechanical Properties of Thermoplastic Starch/Mont-

morillonite Nanocomposite Films, Carbohyd. Polym., 73, 55-63,

2008.

17. Zhang Q., Yu Z., Xie X., Naito K., and Kagawa Y., Preparation

and Crystalline Morphology of Biodegradable Starch/Clay

Nanocomposites, Polymer, 48, 7193-7200, 2007.

18. Chen B. and Evans J.R.G., Thermoplastic Starch-Clay

Nanocomposites and their Characteristics, Carbohyd. Polym.,

61, 455-463, 2005.

19. Chiou B., Wood D., Yee E., Imam S.H., Glenn G.M., and Orts

W.J., Extruded Starch-Nanoclay Nanocomposites: Effects of

Glycerol and Nanoclay Concentration, Polym. Eng. Sci., 1002,

1898-1904, 2007.

20. Huang M., Yu J., and Ma X., High Mechanical Performance

MMT-Urea and Formamide-Plasticized Thermoplastic Corn

Starch Biodegradable Nanocomposites, Carbohyd. Polym., 63,

393-399, 2006.

21. Wilhelm H.M., Sierakowski M.R., Souza G.P., and Wypych F.,

Starch Films Reinforced with Mineral Clay, Carbohyd. Polym.,

52, 101-110, 2003.

22. Rhim J.W., Hong S., and Ha C., Tensile, Water Vapor Barrier

and Antimicrobial Properties of PLA/Nanoclay Composite

Films, LWT - Food Sci. Technol., 42, 612-617, 2009.

23. Giannakas A., Spanos C.G., Kourkoumelis N., Vaimakis T. and

Ladavos A.,  Preparation, Characterization and Water Barrier

Properties of PS/Organo-montmorillonite Nanocomposites, Eur.

Polym. J., 44, 3915-3921, 2008.

24. Sothornvit R., Rhim J.W., and Hong S.I., Effect of Nano-Clay

Type on the Physical and Antimicrobial Properties of Whey

Protein Isolate/Clay Composite Films, J. Food Eng., 91, 468-

473, 2009.

25. Mangiacapra P., Gorrasi G., Sorrentino A., and Vittoria V.,

Biodegradable Nanocomposites Obtained by Ball Milling of

Pectin and Montmorillonites, Carbohyd. Polym., 64, 516-523,

2006.

26. Casariego A., Souza B.W.S., Cerqueira M.A., Teixeira J.A.,

Cruz L., Diaz R., and Vicente A.A., Chitosan/Clay Films' Prop-

erties as Affected by Biopolymer and Clay Micro/Nanoparticles'

Concentrations, Food Hydrocoll., 23, 1895-1902, 2009.

27. Yano K., Usuki A., and Okada A.J., Synthesis and Properties of

Polyimideclay Hybrid Films, Polym. Sci., 35, 89-94, 1997.

28. Huang M., Yu J.G., and Ma X.F., Studies on the Properties of

Montmorillonite-Reinforced Thermoplastic Starch Composites,

Polymer, 45, 7017-7023, 2004.

29. Li X., Gao H., Scrivens W., Fei D., Thakur V., Sutton1 M.,

Reynolds A., and Myrick M., Structural and Mechanical Char-

acterization of Nanoclay-Reinforced Agarose Nanocomposites,

Nanotechnology, 16, 2020-2029, 2005.

30. Chaudhary D.S., Understanding Amylose Crystallinity in

Starch-Clay Nanocomposites, J. Polym. Sci., Part B: Polym.

Phys., 46, 979-987, 2008.




