
S
tudies were carried out on the preparation and properties of the composites

made from cellulose acetate butyrate and cellulose acetate propionate with

various amounts of barium strontium titanate nano-particle. The nano-parti-

cles of barium strontium titanate (BST) with formulation of Ba0.77Sr0.23TiO3 were

made by sol-gel method and their purity and particle size were analyzed by X-ray dif-

fraction (XRD). The composites were prepared with BST nano-particle loading of 10

to 50 vol%, and their distribution in the composites studied using SEM imaging. The

dielectric constant of the composites was measured at 1 kHz and 100 kHz at room

temperature. It was found that the adopted procedure produced dense and uniform

composites. The dielectric constant of the composites increased with the solid content

of BST and followed the modified Lichtenecker equation. The increasing rate of

dielectric constant with increased BST content was more pronounced for the

BST/CAP composite. The dielectric constant of the composites decreased with

increasing the frequency which was more obvious at higher loading of BST nano-par-
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…¶}×†¬û …² ¬¶}ã†û RCL| ì}± ¬° ¬ô ‹·†ì~ 1 ô zHk 001 …ð~…²û|âý±ÿ º~.

÷†‹• ¬ÿ|…èß}±üà ðíõðú ø† ‹† 3 ì±{Œú  {ß±…° …ð~…²û|âý±ÿ º~. …ð¥±…Ù

ìÏý†° ð}†ü� ¬° {í†ï ðíõðú|ø† Þí}± …² 1%  ‹õ¬.

ð}†ü� ô ‹¥™

‹±°¶þ Ö†² ô …ð~…²û ®°…– ‹ú °ô½ �±…½ �±{õ  XX

ð†ðõ®°…– TSB| {ùýú º~û ‹†  °ô½ ¶ê -ë́ ‹† …¶}×†¬û …² �±…½ �±{õ X

)DRX( …°²ü†‹þ º~û …¶•. ¬° …üò °ô½ …èãõÿ �±…½ �±{õ X|ð†ðõ®°…–

TSB| ¶ñ}³ º~û ‹† …èãõÿ �±…½ �±{õ Xì±›Ð …üò ì†¬û

)3900-44 ,SDPCJ ni esabataD( ìÛ†ü·ú ìþ|ºõ¬ )ºßê 2(.

�ýà|ø†ÿ ì»©À º~û ‹† Îçì• *‹ú ð†̈†è¿þ Þ±‹ñ†– ‹†°üî

)6050-10 ,SDPCJ ni esabataD( ì±{ŒÈ …¶• ô ¶†ü± �ýà|ø†ÿ …èãõÿ

�±…½ �±{õ X| ð†ðõ®°…– TSB| ¶ñ}³ º~û …² �ýà|ø†ÿ ì±›Ð {ŒÏý•

ìþ|Þñ~ ]71[. ì»†ø~û ìþ ºõ¬ Þú ìÛ~…° ð†̈†è¿þ|ø† ‹·ý†° …ð~á ô ¬° ¤~

¾±Ù  ðË± Þ±¬ó …¶•. ‹† …¶}×†¬û …² ìÏ†¬èú º±° ]71-51[ ô ð}†ü� ‹ú ¬¶•

„ì~û …² …èãõÿ �±…½ �±{õ Xð†ðõ®°…– TSB| ¶ñ}³ º~û€ …ð~…²û

ð†ðõ‹éõ°ø†ÿ ®°…– ‹†°üî …¶}±…ð·ýî {ý}†ð†– ì¥†¶Œú ô …ð~…²û ì}õ¶È

ºßê 2 -…èãõÿ �±…½ �±{õ X| ð†ðõ®°…– TSB| ô ìÛ†ü·ú „ó ‹† …èãõÿ

�±…½ �±{õ X| ®°…– STB| ̈†èÀ.
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®°…– „ó mn82 ìÏýò º~.

°ü³ðã†° ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ )MMEESS(

ºßê|ø†ÿ 3 ô 4 ‹ú {±{ý� {õ²üÐ ð†ðõ®°…– ‹†°üî …¶}±…ð·ýî {ý}†ð†– ¬°

¬…̈ê Ö†² �éýí±ÿ ¶éõèõ² …¶}†–|‹õ{ý±…– ô ¶éõèõ² …¶}†–|�±ô�ýõð†– °…

ð»†ó ìþ|¬ø~. …üò °ü³ðã†°ø† ¶†̈}†°ÿ øíãò ô ì}±…Þî °… ð»†ó ìþ|¬øñ~

Þú ‹ý†ó|â± {õ²üÐ üßñõ…̈• ®°…– ¬° Ö†² �éýí±ÿ …¶•. øî|Ÿñýò ì»†ø~û

ìþ|ºõ¬€ ¶†̈}†° Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û Ö†Ú~ ÖÃ†ø†ÿ ̈†èþ ø·}ñ~.

‹ñ†‹±…üò€ ìþ|{õ…ó ð}ýœú â±Ö• Þú °ô½ ìõ°¬ …¶}×†¬û ô �†°…ì}±ø†ÿ ¬°

ðË± â±Ö}ú º~û ‹±…ÿ ¶†̈• Þ†ì�õ²ü•|ø†ÿ ì³‹õ° ìñ†¶� …¶• ô ìñœ±

‹ú {ùýú Þ†ì�õ²ü• ø†ÿ ì}±…Þî ô üßñõ…̈• ìþ|ºõ¬.

¨õ…Á ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†

ð}†ü� ‹ú ¬¶• „ì~û …² …ð~…²û|âý±ÿ ÷†‹•| ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ

ìõ°¬ ìÇ†èÏú ¬° ºßê|ø†ÿ 5 ô 6 …°…̂ú º~û …¶•.

ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ìÛ~…° ð†ðõ®°…– ¶±…ìýßþ€ ÷†‹•

¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ {õèý~ º~û …Ö³…ü¼ ìþ|ü†‹~. …üò ìõÂõÑ …²

üà Æ±Ù ‹ú ¬èýê …Ö³…ü¼ ìÛ~…° ®°…– ¶±…ìýßþ ‹† ̈†¾ý• ÷†‹•

¬ÿ|…èß}±üà ²ü†¬ ¬° Þ†ì�õ²ü• …¶• ]2€1[. …² Æ±Ù ¬üã± ‹ú ¬èýê …Ö³…ü¼

¶Ç¦ ì»}±á ‹ýò �éýí± ìõ°¬ …¶}×†¬û ô ð†ðõ®°…– ‹†°üî …¶}±…ð·ýî

{ý}†ð†– …¶• Þú …üò …Ö³…ü¼ ¶Ç¦ ì»}±á ìõ›� …Ö³…ü¼ ¬ôÚÇŒþ

‹õ¬ó ¶Ç¦ ì»}±á ô …Ö³…ü¼ ÷†‹• ¬ÿ …èß}±üà ìþ ºõ¬ ]01€2[. ‹ú Îé•

‹ùŒõ¬ �±…Þñ¼ ®°…– TSB| ¬° ²ìýñú �éýí± ô …üœ†¬ ¶Ç¦ ì»}±á ‹ý»}±€

ºßê 3 -°ü³ðã†° MES| Þ†ì�õ²ü• ‹† ²ìýñú ¶éõèõ² …¶}†– ‹õ{ý±…– ô

02 ¬°¾~ ¤œíþ ð†ðõ®°…– TSB)‹³°å|ðí†üþ 0003(.

ºßê 4 -°ü³ðã†° MES| Þ†ì�õ²ü• ‹† ²ìýñú ¶éõèõ² …¶}†– ‹õ{ý±…– ô

05 ¬°¾~ ¤œíþ ð†ðõ®°…–  TSB)‹³°å|ðí†üþ 0003(.

ºßê 5 -ðíõ¬…° {Óýý± ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ ¤†¾ê …²

¶éõèõ² …¶}†–|‹õ{ý±…– ô TSB| ‹ú ºßê {†‹Ïþ …² ¬°¾~ ¤œíþ

ð†ðõ®°…– TSB| ¬° ‹·†ì~ 1 ô zHk001.

ºßê 6 -ðíõ¬…° {Óýý± ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ ¤†¾ê …²

¶éõèõ² …¶}†–|�±ô�ýõð†– ô TSB| ‹± ¤·� ¬°¾~ ¤œíþ ð†ðõ®°…–

TSB| ¬° ‹·†ì~ø†ÿ 1 ô zHk001.
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…¶}×†¬û …² ð†ðõ®°…– ¬° ìÛ†ü·ú ‹† ìýß±ô®°…– ìõ›� …Ö³…ü¼ ‹ý»}±

÷†‹• ¬ÿ|…èß}±üà ìþ|ºõ¬ ]81€01[.

°ôð~ …Ö³…ü»þ ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ ¤†¾ê …² ¶éõèõ²

…¶}†– ‹õ{ý±…– ‹± …÷± …Ö³ô¬ó ð†ðõ®°…– ¶±…ìýßþ ‹ú ºßê {Û±üŒ†_ ̈Çþ€

‹† Þ†ø»þ ›³üþ ¬° ìÛ†¬ü± ²ü†¬{± ìõ…¬ ¶±…ìýßþ …¶•. …ì†€ ¬°

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …² ¶éõèõ² …¶}†–|�±ô�ýõð†–€ °ôð~ …Ö³…ü»þ

÷†‹• ¬ÿ|…èß}±üà ¬ôì±¤éú|…ÿ …¶•. ‹ú  Æõ°ÿ Þú ‹† Þ†°‹±¬ ð†ðõ®°…– {†

¤~ 01 ¬°¾~ ¤œíþ€ ìÛ~…° …Ö³…ü¼ ÷†‹• ¬ÿ|…èß}±üà Þî …¶• ô ‹†

…Ö³…ü¼ ìÛ~…° ìõ…¬ ¶±…ìýßþ …² 01 ¬°¾~ ¤œíþ ‹ú 05 ¬°¾~ ¤œíþ€

÷†‹• ¬ÿ|…èß}±üà ‹† ºý� ‹ý»}±ÿ …Ö³…ü¼ ìþ|ü†‹~. ð}†ü� ì»†‹ùþ ¬°

‹±°¶þ °Ö}†° Þ†ì�õ²ü•|ø†ÿ {ùýú º~û …² �éþ|„ìý~ ô ®°…– ¶±…ìýßþ

‹†°üî {ý}†ð†– ì»†ø~û º~û …¶• ]1[. ð}†ü� ð»†ó ìþ|¬øñ~€ …÷± …Ö³…ü¼

ìÛ~…° ð†ðõ®°…– ¶±…ìýßþ ¬° …Ö³…ü¼ ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•

¤†¾ê …² ¶éõèõ² …¶}†–|�±ô�ýõð†– ‹ý»}± …² Þ†ì�õ²ü• ¤†¾ê …²

¶éõèõ² …¶}†–|‹õ{ý±…– …¶• )ºßê 7(. …Ö³ôó ‹± …üò€ ¬° ø± ¬ô ºßê ‹†

…Ö³…ü¼ ‹·†ì~ ìõ°¬ …¶}×†¬û ¬° …ð~…²û|âý±ÿ ÷†‹• ¬ÿ|…èß}±üà …² 1 ‹ú

zHk001€ ÷†‹• ¬ÿ …èß}±üà Þ†ì�õ²ü•|ø† …ð~Þþ Þ†ø¼ ìþ|ü†‹~. …üò

ìõÂõÑ ‹ú ¬èýê …¶• Þú ‹† …Ö³…ü¼ ‹·†ì~€ ÚÇ�|ø†ÿ ¬ôâ†ðú ð†ðõ®°…–

¶±…ìýßþ ‹ú ìÛ~…° Þí}±ÿ …² {Óýý± ìý~…ó …èß}±üßþ {ŒÏý• ìþ|Þññ~. ‹†

…Ö³…ü¼ ¬°¾~ ¤œíþ ®°…– ¶±…ìýßþ ¬° Þ†ì�õ²ü•|ø†ÿ ¤†¾ê€ ìÛ~…°

Þ†ø¼ ÷†‹• ¬ÿ|…èß}±üà ‹± …÷± …Ö³…ü¼ ‹·†ì~ ‹ý»}± ìþ|ºõ¬.

èã†°ü}î ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü• ¬° ø± ‹·†ì~€ {†‹Ð ̈Çþ …² ¬°¾~

¤œíþ Ö†² {Ûõü• Þññ~û …¶• ]91€ 21€ 11[ ô °ôð~ …Ö³…ü¼ ÷†‹•

¬ÿ|…èß}±üà ‹ú èã†°ü}î ÷†‹• ¬ÿ|…èß}±üà ìõ…¬ …ôèýú ‹·}ãþ ¬…°¬ )ìÏ†¬èú 1(:

¬° …üò ìÏ†¬èú€ |÷†‹• ¬ÿ …èß}±üà Þ†ì�õ²ü•€ ϕ| ¬°¾~ ¤œíþ ®°…–

¶±…ìýßþ ¬° Þ†ì�õ²ü•€ '÷†‹• ¬ÿ|…èß}±üà �éýí± ìõ°¬ …¶}×†¬û ô ''

| ÷†‹• ¬ÿ|…èß}±üà ì†¬û ¶±…ìýßþ ìõ°¬ …¶}×†¬û …¶•. k| Â±ü� {¿¥ý¦

…¶• ô ôÚ}þ Þú ®°…– ¶±…ìýßþ ‹ú ̈õ‹þ ¬° ¬…̈ê Þ†ì�õ²ü• �±…Þñ~û

º~û ‹†ºñ~€ ìÛ~…° „ó ‹±…‹± 3/0 ¬° ðË± â±Ö}ú ìþ|ºõ¬ ]01€8€5[. ÷†‹•

¬ÿ|…èß}±üà ¶éõèõ² …¶}†–|‹õ{ý±…– ô ¶éõèõ² …¶}†–|�±ô�ýõð†–

…¶}×†¬û º~û ¬° …üò �µôø¼ ¬° ‹·†ì~ zHk001 ‹ú {±{ý� 3/61 ô 1/61

…ð~…²û|âý±ÿ º~û …¶•. øî|Ÿñýò€ ÷†‹• ¬ÿ|…èß}±üà ð†ðõ®°…– ‹†°üî

…¶}±…ð·ýî {ý}†– )3OiTx-1rSxaB| ‹† ìÛ~…° x| ‹±…‹± 57/0( {ùýú º~û ‹†

ε ε

ε

ºßê 7 -ðíõ¬…° {Óýý± ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ ¤†¾ê …²

¶éõèõ² …¶}†– �±ô�ýõð†– ô ¶éõèõ² …¶}†–|‹õ{ý±…– ‹±¤·� ¬°¾~

¤œíþ ð†ðõ®°…– TSB| ¬° ‹·†ì~ø†ÿ 1 ô zHk001.

ºßê 8 -ìÛ†ü·ú ÷†‹• ¬ÿ|…èß}±üà {œ±‹þ ô ðË±ÿ Þ†ì�õ²ü• ¤†¾ê …²

ìÛ†¬ü± ì©}éØ ð†ðõ®°…– ‹†°üî …¶}±…ð·ýî|{ý}†ð†– ô ¶éõèõ² …¶}†–

‹õ{ý±…– )ìÛ†ü·ú ¬° ‹·†ì~ zHk001(.

’ log)
’

"
log( k)(1 log ε+

ε

ε
−ϕ=ε )1( 

ºßê 9| -ìÛ†ü·ú ÷†‹• ¬ÿ|…èß}±üà {œ±‹þ ô ðË±ÿ Þ†ì�õ²ü• ¤†¾ê …²

ìÛ†¬ü± ì©}éØ ð†ðõ®°…– ‹†°üî …¶}±…ð·ýî {ý}†ð†– ô ¶éõèõ²

…¶}†–|�±ô�ýõð†– )ìÛ†ü·ú ¬° ‹·†ì~  zHk|001(.
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°ô½ ¶ê -ë́ ¬°  ‹·†ì~  zHk001 ‹±…‹± 023 …ð~…²û|âý±ÿ º~û …¶•

]12€02[. ‹ñ†‹±…üò€ ‹† …¶}×†¬û …² …üò ìÛ†¬ü± ô ìÏ†¬èú )1(€ ìÛ†¬ü± ÷†‹•

¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ {ùýú º~û ‹† {±Þý� ¬°¾~ø†ÿ ì©}éØ …²

01 {† 05 ¬°¾~ ¤œíþ ð†ðõ®°…– ì¥†¶Œú º~ ô ‹† ìÛ†¬ü± {œ±‹þ ìÛ†ü·ú

º~ )ºßê|ø†ÿ 8 ô 9(.

ìç¤Ëú ìþ|ºõ¬€ ‹ú  Æõ° Þéþ ‹ýò ìÛ†¬ü± {œ±‹þ ô ìÛ†¬ü± ðË±ÿ ‹†

ìÏ†¬èú )1( øî|‹·}ãþ ̈õ‹þ ô›õ¬ ¬…°¬ ô ÖÛÈ …ð¥±…Ù ›³üþ ¬° {±Þý�

¬°¾~ ¤œíþ 05 ¬°¾~ ¬ü~û ìþ|ºõ¬. ð}†ü� ¤†¾ê ‹ý†ó|â± …üò …¶•

Þú ìÛ†¬ü± ÷†‹• ¬ÿ|…èß}±üà Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û ‹† ìÏ†¬èú {Óýý±

ü†Ö}ú rekcenethciLÚ†‹ê �ý¼|‹ýñþ ø·}ñ~. ‹ñ†‹±…üò€ ‹† {õ›ú ‹ú …üò Þú

÷†‹• ¬ÿ|…èß}±üà ¶éõèõ² …¶}†–|�±ô�ýõð†– ô ¶éõèõ² …¶}†–|‹õ{ý±…–

¬° ìÛ†ü·ú ‹† ‹·ý†°ÿ …² �éýí±ø†ÿ ð×}þ ì†ðñ~ �éþ|„ìý~€ ²°üò …�õÞ·þ ô

°²üò ¶ý†ð†–|…¶}± ‹ý»}± …¶•€ ìþ|{õ…ó …ð}Ë†° ¬…º• Þú Þ†ì�õ²ü•

¤†¾ê …² ¶éõèõ² …¶}†–|�±ô�ýõð†– ô ¶éõèõ² …¶}†–|‹õ{ý±…– ô ®°…–

¶±…ìýßþ ̈õ…Á ¬ÿ|…èß}±üà ‹ù}±ÿ °… ¬° {±{ý� ¬°¾~ø†ÿ üß·†ó

¬…º}ú ‹†ºñ~. ìÛ†ü·ú ð}†ü� …üò �µôø¼ ‹† ð}†ü� ¤†¾ê …² Þ†ì�õ²ü•

�éþ|„ìý~ ô ‹†°üî {ý}†ð†– ]1[€ Þ†ì�õ²ü• ¤†¾ê …² Þõ�éýí± …ôè×ýñþ

¤éÛõÿ ô  STB]01[ ô øî|Ÿñýò ‹† Þ†ì�õ²ü• ¤†¾ê …² °²üò …�õÞ·þ ô

‹†°üî {ý}†ð†– ]11[ …üò ìõÂõÑ °… {†‡üý~ ìþ|Þñ~.

¬° ²ìýñú …¶}×†¬û …² ì»}Û†– ¶éõèõ²ÿ ‹±…ÿ {õèý~ Þ†ì�õ²ü•|ø†ÿ

�éýí±ÿ -¶±…ìýßþ ìÇ†èÏ†– ì¥~ô¬ÿ …ðœ†ï º~û …¶•. gnaihC| ô

zraleopoP|]31[ ‹† {±Þý� �éýí± ¶éõèõ² ¶ý†ðõ…{ýç– ‹† ®°…– ¶±…ìýßþ

3OiTaB| ‹† ¬°¾~ ¤œíþ 15 ¬°¾~€ Þ†ì�õ²ü}þ {ùýú Þ±¬ð~ Þú ¬…°…ÿ

÷†‹• ¬ÿ|…èß}±üà 031 ‹õ¬. …üò ìÛ~…° ÷†‹• ¬ÿ|…èß}±üà ‹ý»}±üò ìÛ~…°

÷†‹• ¬ÿ|…èß}±üà â³…°½ º~û ‹±…ÿ Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …²

3OiTaB| ‹† �éýí±ø†ÿ ì©}éØ …¶• ô Îé• ²ü†¬ ‹õ¬ó „ó ‹ú ¬èýê ‹ý»}±

‹õ¬ó ÷†‹• ¬ÿ|…èß}±üà �éýí± ìõ°¬ …¶}×†¬û ‹ú ìÛ~…° 12 ¬° zHk1 ‹õ¬û

…¶•. øî|Ÿñýò€ uH| ô øíß†°…ó ]8[ ¨õ…Á ¬ÿ|…èß}±üà

Þ†ì�õ²ü•|ø†ÿ ¶†̈}ú º~û …² ‹†°üî …¶}±…ð·ýî {ý}†ð†– ô �éýí± ¶õè×ý~

�±ô�ýéò °… ‹±°¶þ Þ±¬ð~. ì»†‹ú …üò �µôø¼€ ‹† …Ö³…ü¼ ìÛ~…° ®°…–

¶±…ìýßþ ¬° Þ†ì�õ²ü•€ ÷†‹• ¬ÿ|…èß}±üà „ó ²ü†¬ º~û ô °ôð~ …Ö³…ü¼

„ó {†‹Ð ìÏ†¬èú {Óýý± ü†Ö}ú rekcenethciL| ‹† Â±ü� k| ‹±…‹± 73/0 ‹ú ¬¶•

„ì~û …¶•. ̈õ…Á ¬ÿ|…èß}±üà Þ†ì�õ²ü• {ùýú º~û …² ®°…– ¶±…ìýßþ

‹†°üî {ý}†ð†– ô �éþ|„ìý~ ì»†‹ú ð}†ü� …üò �µôø¼ …¶• Þú ¬° „ó ÷†‹•

¬ÿ|…èß}±üà ¤~ô¬ 54 ¬° Þ†ì�õ²ü• ¤†ôÿ 09 ¬°¾~ ô²ðþ ®°…–

¶±…ìýßþ ¤†¾ê º~û …¶• ]1[.

ð}ýœú âý±ÿ

¬° …üò �µôø¼€ ̈õ…Á ¬ÿ|…èß}±üà Þ†ì�õ²ü• ¶†̈}ú º~û …² ¬ô ðõÑ

�éýí± ¶éõèõ²ÿ ‹† ̈†¾ý• ²ü·• {©±ü�|�̄ü±ÿ ô Ú†‹éý• {ùýú …² ìñ†‹Ð

{œ~ü~�̄ü± ‹† ð†ðõ®°…– ‹†°üî …¶}±…ð·ýî {ý}†ð†– ‹ú Îñõ…ó ®°…–

¶±…ìýßþ ‹† ̈õ…Á ¬ÿ …èß}±üà ²ü†¬ ‹±°¶þ º~û …¶•. ð}†ü� ð»†ó
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