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The main purpose of this study is to introduce a new method for nanofibers by bulk layer produc-
tion. In the present method the effect of some parameters including take-up velocity, applied volt-
age, polymer solution concentration on density of produced layers is investigated. The compression
characteristic of nanofiber layers produced under optimum electrospinning is also investigated. It
was shown that the layer density decreased by increasing polymer solution density while an increase
in applied voltage and take-up velocity increased layer density. The lightest layer with density of
0.000374215 g/cm3 with 99/98% porosity are produced by this method at 15% polymer solution
concentration with take-up velocity equal to 4.24 m/min and 8 kV voltages.
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æï ð¿� º~û °ôÿ Òé}à ›íÐ„ô°ÿ º~û …¶• ô ‹ú Þíà

ìýß±ô¶ßõ’ ðõ°ÿ {¿õü±‹±¬…°ÿ º~û …¶•. „°…ü¼ ü†Ö}ò …èý†Ù ¬°

¶†̈}†° °º}ú€ ‹† …Ö³…ü¼ ¶±Î• ‹±¬…º• °… ‹ú ̈õ‹þ ¬° …üò {¿†ôü±

ìþ|{õ…ó ì»†ø~û Þ±¬. øî|Ÿñýò€ Þ»¼ …üœ†¬ º~û ¬° °º}ú ‹† …Ö³…ü¼

¶±Î•€ …Ö³…ü¼ ü†Ö}ú ô ¶Œ� �ý¡ý~û º~ó Ö»±¬û °º}ú °ôÿ Òé}à

‹±¬…º• ìþ|ºõ¬. ð}†ü� ¤†¾ê …² …ð~…²û|âý±ÿ Ÿã†èþ æüú {õèý~ º~û ¬°

�ñ¢ ¶±Î• ¬° ›~ôë 1|„ì~û …¶•. ð}†ü� ‹ý†ó|â± …üò ðß}ú …¶• Þú

¶±Î• nim/m42/4 ‹±…ÿ ›íÐ„ô°ÿ …èý†Ù ìñ†¶�|{± …² ¶†ü±

¶±Î•|ø†¶•.

¬° ‹±°¶þ …÷± ôè}†́€ øí†ó|Æõ° Þú ¬° ›~ôë 2| ì»†ø~û ìþ|ºõ¬€ ‹†

…Ö³…ü¼ ôè}†́ Ÿã†èþ æüú …Ö³…ü¼ ìþ|ü†‹~. ¬èýê „ó °… …üò Æõ° ìþ|{õ…ó

‹ý†ó Þ±¬ Þú ‹† …Ö³…ü¼ ôè}†́€ Ÿã†èþ ‹†° ¬° ¶Ç¦ èýØ …Ö³…ü¼ ü†Ö}ú ô ¬°

ð}ýœú€ …èý†Ù ¬° ÖÃ†ÿ ‹ýò ¬ô ð†²ë ‹† º~– ‹ý»}±ÿ üà ¬üã± °… ›Ž̄

ìþ|Þññ~ Þú …üò …ì± ìþ|{õ…ð~ ìõ›� ì}±…Þî|{± º~ó °º}ú …èý†Ù ºõ¬.

º†ü†ó ®Þ± …¶•€ …Ö³…ü¼ ‹ý¼ …² ¤~ ôè}†́ ¶Œ� ̈±ôž Ÿñ~ ›• …²

ð†²ë º~û ô …üò …ì± ìõ›� �±…Þñ~âþ …èý†Ù ¬° øõ… ìþ|ºõ¬. ‹† {õ›ú ‹ú

ð}†ü� ì»†ø~û ìþ|ºõ¬ Þú ôè}†́ Vk8 ‹±…ÿ {õèý~ æüú|ø†ÿ ¤œýî

ìñ†¶�|{± …¶•.

›~ôë3|€ ð}†ü� …ð~…²û|âý±ÿ Ÿã†èþ æüú {õèý~ º~û …² ì¥éõë �éýí±ÿ

‹† ÒéË•|ø†ÿ 11€ 21€ 31€ 41|ô 51 ¬°¾~| FMD/NAP°… ð»†ó ìþ|¬ø~.

ºßê 3 -{¿†ôü±ÿ …² °º}ú|ø†ÿ ›íÐ„ô°ÿ º~û ¬° º±…üÈ üß·†ó

…èß}±ô°ü·þ ‹† ¶±Î•|ø†ÿ ì}×†ô–: )…èØ( 1/4€ )Ž( 7€ )ž( 41€ )¬( 82€

)û( 24 ô )ô( nim/m07. 

)…èØ(

)Ž(

)ž(

)¬(

)øƒ(

)ô(

›~ôë 1 -Ÿã†èþ æüú {õèý~ º~û ‹† ¶±Î•|ø†ÿ ‹±¬…º• ì©}éØ.

¬¶}ú|ø†ÿ „ì†°ÿ …ð¥±…Ù ìÏý†°
Ÿã†èþ

)3mc/g(

¶±Î• ‹±¬…º•

)nim/m(

1

1|

1|

2|

2

532631/0

710900/0

068800/0|

507110/0|

351210/0

818204/0

853214/0|

512473/0|

653685|/0

405632/1|

21/2

81/3|

42/4|

83/6|

84/8

›~ôë 2 -Ÿã†èþ æüú|ø†ÿ {ùýú º~û ‹† ôè}†́ø†ÿ …èß}±ô°ü·þ ì©}éØ.

¬¶}ú|ø†ÿ „ì†°ÿ …ð¥±…Ù ìÏý†°
Ÿã†èþ

)3mc/g(
ôè}†́ )Vk(

1|

2|

3|

4|

5

068800|/0

084110|/0

461010|/0

906310|/0

023820|/0

512473/0

452864|/0

565666/0

634296|/0

468935/0

8

57/8

5/9|

57/01

21



ìÛ†¬ü± ‹ú ¬¶• „ì~û ð»†ó|¬øñ~û Þ†ø¼ Ÿã†èþ ‹† …Ö³…ü¼ ÒéË• …¶•.

Îé• …üò …ì± °… ‹~üò ºßê ìþ|{õ…ó ‹ý†ó Þ±¬ Þú ¬° …èß}±ô°ü·þ ÚÇ±

…èý†Ù ‹ú º~– ô…‹·}ú ‹ú ÒéË• ì¥éõë �éýí±ÿ …¶• ô ‹† …²¬ü†¬ ÒéË•

…Ö³…ü¼ ìþ|ü†‹~. ‹±…ÿ {Ïýýò ÚÇ± …² {¿†ôü± MES| …¶}×†¬û º~. ÚÇ± …èý†Ù

°… ‹±…ÿ 001 èýØ ‹† …¶}×†¬û …² ð±ï|…Ö³…° ìõ{ýà …ð~…²û|âý±ÿ ô …² ìý†ðãýò

„ó ‹ú Îñõ…ó ÚÇ± …èý†Ù …¶}×†¬û º~. ‹±…ÿ ÒéË•|ø†ÿ 11 ô 51 ¬°¾~ ‹ú

{±{ý� ìý†ðãýò ÚÇ±ÿ 263 ô mn 327 ‹ú ¬¶• „ì~. ‹ú ð¥õÿ Þú ‹†

…Ö³…ü¼ 4 ¬°¾~ÿ ÒéË• ì¥éõë �éýí±ÿ€ ÚÇ± …èý†Ù ¤†¾ê ¬ô ‹±…‹±

º~û …¶•. °…‹Çú ̈í¼ èýØ ‹† ¶Ç¦ ìÛÇÐ ¬…ü±û|…ÿ ‹ú ºßê ²ü± …¶•:

¬° …üò ìÏ†¬èú ºÏ†Ñ …ð¥ñ†€ K| ìÛ~…° ̈íý~âþ€ M| ìí†ó ̈í»þ€ E|

ì~ôë€ R| ÚÇ± èýØ€ Iìí†ó …üñ±¶þ ô ìÛ~…° IE| ‹ý†ó|â± ¶©}þ ̈í»þ

…¶•. ‹† {õ›ú ‹ú ìÏ†¬èú|ø†ÿ â×}ú º~û ‹† …Ö³…ü¼ ÚÇ±€ ìÛ†ôì• ̈í»þ

…èý†Ù °… Þú °…‹Çú {õ…ó  4|‹† ÚÇ± ¬…°¬€ …Ö³…ü¼ ìþ|ü†‹~. ‹† {õ›ú ‹ú …üò Þú

¶†̈}†° …üò æüú …² …èý†Ù ¬°øî �ý¡ý~û …¶•€ …Ö³…ü¼ ìÛ†ôì• ̈í»þ€

ì†ðÐ …² ̈í¼ ô ‹ú øî Ÿ·Œý~ó …èý†Ù ¬° ¶†̈}†° æüú ìþ|ºõ¬. ‹ñ†‹±…üò

ìþ|{õ…ó â×• Þú ¬° ÒéË•|ø†ÿ Þî ‹ú ¬èýê Ê±üØ º~ó …èý†Ù ôÞ†ø¼

¶©}þ ̈í»þ€ …èý†Ù ¬° ²ì†ó {©éýú ¬° ÖÃ†ÿ ‹ýò ¬ô ð†²ë ‹ú ºßê

Ö»±¬û|{± ›íÐ„ô°ÿ ô °º}ú ì}±…Þî|{±ÿ °… {»ßýê ìþ|¬øñ~€ ¬° ð}ýœú

Ÿã†èþ ‹ý»}± ìþ|ºõ¬. ‹ñ†‹±…üò€ æüú ¤†¾ê …² ì¥éõë �éýí±ÿ ‹† ÒéË•

51 ¬°¾~ Ÿã†èþ Þí}±ÿ ¬…°¬ ô ‹ú øíýò ¬èýê ‹±…ÿ {õèý~ æüú|ø†ÿ

¤œýî ìñ†¶�|{± …¶•.

ìÛ†ôì• Ö»†°ÿ ô ‹±â»•|�̄ü±ÿ æüú|ø†ÿ ¤œýî  |

‹±…ÿ …ð~…²û|âý±ÿ ìÛ†ôì• Ö»†°ÿ ô ‹±â»•|�̄ü±ÿ æüú|ø† …² ð±ï|…Ö³…°

ð¿� º~û °ôÿ ¬¶}ã†û kciwZì~ë 06-6441 …¶}×†¬û º~. …‹}~…

Â©†ì• æüú ‹ú Þíà ¬¶}ã†û kciwZ‹ú mm 4 |°¶†ð~û€ ¶�̧ ‹ú ìÛ~…°

ρ
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 

4

R

64

d
l

44 π
=

π
= )1(

M

EI
=ρ )2(

4RE

M
4

EI

M1
K

π
==

ρ
= )3(

ºßê4 -ðíõ¬…°ø†ÿ °Ö• ô ‹±â»• ¬°„²ì†ü¼ ‹±â»•|�̄ü±ÿ.

›~ôë 3| -Ÿã†èþ æüú {õèý~ º~û ‹† ÒéË•|ø†ÿ ì©}éØ.

¬¶}ú|ø†ÿ „ì†°ÿ …ð¥±…Ù ìÏý†°
Ÿã†èþ

)3mc/g(

ÒéË• ì¥éõë

�éýí±ÿ )tw|%(

1

2|

3|

4|

5

238750|/0|

665860||/0

318710||/0

389410|/0|

068800/0

394282/1|

325299|/0

583447/0|

706325/0|

512473/0|

11|

21|

31|

41|

51

{Óýý± ºßê

�ç¶}ýà )%(

‹†²â»•

Þ»·†ó )%(

…ð±ÿ́ {éØ

º~û )mm/N(

…ð±ÿ́ ‹±â»•

)mm/N(

¨Çþ ‹õ¬ó

ðíõ¬…° )%(

‹†²â»•|�̄ü±ÿ

)%(

…ð±ÿ́  Ö»†°ÿ

)mm/N(
ðý±ô )Nc(

�†°…ì}± …ð~…²û|âý±ÿ

º~û

37 72 240/0 20/0 23/78 52/23 260/0 92/41 ìý†ðãýò

›~ôë 4 -‹±̈þ …² ̈õ…Á …ð~…²û|âý±ÿ º~û ¤†¾ê …² …ð~…²û|âý±ÿ ̈õ…Á ‹±â»•|�̄ü±ÿ.



{õèý~ æüú|ø†ÿ ¤œýî ð†ðõ…èý†Ù ‹† …Îí†ë {Óýý±…{þ ¬° °ô½ …èß}±ô°ü·þ ô ‹±°¶þ ‹±þ̈ …² ì»©¿ú|ø†ÿ „ðù†Ö±²…¬ ¬‹ý±ü†ó€ ¶ý~ ÎŒ~…èß±üî ¤·ýñþ

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 4€ ìƒƒƒƒùƒƒƒƒ± -„‹ƒƒƒƒ†ó 7831 312

mm 2 |Ö»±¬û ô ‹±â»• ¬…¬û º~. ºßê4€ ðíõ¬…°ø†ÿ °Ö• ô ‹±â»•

¬° „²ì†ü¼ ‹±â»•|�̄ü±ÿ °… ð»†ó ìþ|¬ø~. ›~ôë 4|€ ð}†ü� ‹ú ¬¶•

„ì~û …² …ð~…²û|âý±ÿ ìý†ðãýò ̈õ…Á ¬°¾~ {Óýý± ºßê �ç¶}ýà ô

‹†²â»• Þ»·†ó€ …ð±ÿ́ {éØ º~û€ …ð±ÿ́ ‹±â»•|�̄ü± ô ¬°¾~ „ó€

ðý±ôÿ Ö»†°ÿ ô ìÛ~…° ̈Çþ ‹õ¬ó ðíõ¬…° °… ð»†ó ìþ|¬ø~. ð}†ü� ¤†Þþ

…² „ó …¶• Þú …üò æüú|ø†€ ìÛ†ôì• ô ‹±â»•|�̄ü±ÿ Ö»†°ÿ Þíþ ¬…°ð~€

‹ú Æõ°ÿ Þú ìþ|{õ…ó …² …üò æüú|ø† ‹ú Îñõ…ó æüú|ø†ÿ ¤œýî ‹±…ÿ

Þ†°‹±¬ø†ÿ ̈†Á …¶}×†¬û Þ±¬. ‹±…ÿ ì˜†ë ‹† {õ›ú ‹ú ¤œî ²ü†¬ øõ…ÿ

¤Œ̧ º~û ¬° æüú ìþ|{õ…ó …² „ó ‹±…ÿ Î†üÜ Þ†°ÿ ¬° ìõ…°¬ÿ Þú ‹ú æüú

ðý±ôüþ ô…°¬ ðíþ|ºõ¬€ …¶}×†¬û Þ±¬ ü† ¬° ìùñ~¶þ ‹†Ö• ‹±…ÿ {õèý~

‹†Ö•|ø†ÿ ²ð~û ‹† ºßê ¶ú ‹Ï~ÿ ‹ú Þ†° â±Ö}ú ºõ¬.

ð}ýœú|âý±ÿ

¬° …üò �µôø¼€ °ôºþ ‹±…ÿ ›íÐ„ô°ÿ ð†ðõ…èý†Ù ‹ú ºßê ¤œýî ô

{»ßýê æüú …² „ó ìÏ±Öþ ô º±§ ¬…¬û º~. øî Ÿñýò Îõ…ìê ìõö÷± ‹±

Ÿã†èþ æüú ºñ†¶†üþ ô ‹±°¶þ º~ð~. ì¥†¶Œ†– „ì†°ÿ ‹ú Þíà ð±ï

…Ö³…° SSPS| …ðœ†ï º~ ô ð}†ü� „ì†°ÿ ‹ý†ó|â± …üò ðß}ú …¶• Þú ‹† …Ö³…ü¼

ÒéË• ì¥éõë �éýí±ÿ Ÿã†èþ æüú Þ†ø¼ ô …̈}çÙ ìÏñþ|¬…°ÿ ¬°

¶Ç¦ 59 ¬°¾~ ‹ýò {í†ï ðíõðú|ø† ‹ú ô›õ¬ ìþ|„ü~. …Ö³…ü¼ ôè}†́ ¶Œ�

…Ö³…ü¼ Ÿã†èþ æüú ìþ|ºõ¬ ô ‹ýò ðíõðú|ø† ¬° ¶Ç¦ 59 ¬°¾~ …̈}çÙ

ìÏñþ|¬…° …¶•. øî Ÿñýò€ ‹±…ÿ ›íÐ „ôÿ …èý†Ù ðý†² ‹ú {Ïýýò ¶±Î•

‹ùýñú …¶• ô ðíõðú|ø† ¬° ¬ô ¬¶}ú Ú±…° â±Ö}ú|…ð~.

‹± ̈çÙ °ô½ ìÏíõë …èß}±ô°ü·þ Þú ð¥õû Ú±…°âý±ÿ …èý†Ù ¬° ôŽ

›íÐ „ô°ÿ º~û ÖÃ†ÿ ¬ô ‹Ï~ÿ …¶•€ ¬° …üò °ô½ ì·ý± Ú±…° â±Ö}ò

…èý†Ù ¬° ¶†̈}†° æüú ¶ú|‹Ï~ÿ …¶•. ›íÐ„ô°ÿ …èý†Ù ‹ú …üò ºßê

ìþ|{õ…ð~ ¬°ü¡ú|…ÿ ‹±…ÿ Þ†°‹±¬ø†ÿ ›~ü~ ð†ðõ…èý†Ù |‹†º~€ ‹† …üò °ô½

ìþ|{õ…ó {õ¬û …èý†Ù °… ‹ú ºßê ¶ú ‹Ï~ÿ ‹† Þ†°‹±¬ø†ÿ ̈†Á ¬°„ô°¬. ‹ú

Îñõ…ó ì˜†ë …üò Ú†‹éý• ìþ|{õ…ð~ ¬° ìùñ~¶þ ‹†Ö• ‹±…ÿ Â©†ì• ¬…¬ó

Þ†°‹±¬ ¬…º}ú ‹†º~ ô ‹† {õ›ú ‹ú ¤œî ²ü†¬ øõ…ÿ ¤Œ̧ º~û ¬° æüú€

…¶}×†¬û …² „ó ‹ú Îñõ…ó �±Þññ~û ô Î†üÜ â±ì†üþ ‹·ý†° ¶Œà �ý»ñù†¬

ìþ|ºõ¬.

¬° …üò �µôø¼€ ¶Œà|{±üò æüú ‹† ô²ó 3mc/g512473000/0 ‹†

ÒéË• 51 ¬°¾~|ô ¶±Î• ‹±¬…º• nim/m4/42 ¬° ôè}†́ Vk8 ‹ú ¬¶•

„ì~€ {õ›ú ‹ú Þî|{±üò Ÿã†èþ ‹ú ¬¶• „ì~û ‹±…ÿ æüú|ø†€

3mc/g512473000/0 …² �éýí± �éþ|„Þ±üéõðý}±üê ‹† Ÿã†èþ 3mc/g89/1€

‹ý»}±üò ¬°¾~ {©é©ê 89/99 ¬°¾~ ‹ú ¬¶• „ì~ Þú …üò ¬°¾~ …²

{©é©ê ‹þ|ðËý± ô {†Þñõó ¬¶• ðý†Ö}ñþ ‹õ¬û …¶•.  {Óýý±…– �ç¶}ýà

æüú€ ¬° º±…üÈ ‹ùýñú {õèý~€ ¬° …÷± ðý±ôÿ Ö»†°ÿ ìÏ†¬ë 37| ¬°¾~ ‹õ¬.

ìÛ~…° ‹†²â»•|�̄ü±ÿ Þî ‹ú ì†øý• ¶†ì†ðú …èß}±ô°ü·þ ‹±ìþ|â±¬¬ Þú

…èý†Ù {õèý~ º~û ‹ú Þíà …èß}±ô°ü·þ „°…ü¼ ü†Ö}ãþ Þíþ ¬…°ð~ |]51[|.

‹ñ†‹±…üò€ ð}†ü� ‹ú ¬¶• „ì~û ¬ô° …² …ð}Ë†° ðý·•. ‹† {õ›ú ‹ú ìÛ~…°

‹±â»•|�̄ü±ÿ Þî€ …üò æüú ìþ|{õ…ð~ ¬° ìõ…°¬ÿ …¶}×†¬û ºõ¬ Þú ²ü±

ðý±ô Ú±…° ðíþ|âý±¬.  |
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