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The effect of shear rate on dissolution of carbon dioxide in viscoelastic wheat flour matrix and cell
density in a glass barrel twin screw extruder is investigated. It is found that by increasing the shear
rate there will be a decrease in the required thermodynamic conditions and hence, it improves blow-
ing agent dissolution and increases the cell density. Shear rate breaks up big bubbles and helps to
better distribute the blowing agent in the matrix and hence it increases the cell density. Cell density
decreases by dropping foam cooling rate. For a given cell density, a higher screw speed is needed, if
the cooling rate is decreased. 
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¬¶}ã†û ¬ô°‹ýò lexipM 6/31 ¶†̈• º±Þ• ynoS| ô üà ¶ú �†üú ‹õ¬.

…üò ¶†ì†ðú …² Ö±üñ~ ¬…̈ê …Þ·}±ô¬° Öýéî|‹±¬…°ÿ Þ±¬û ô {† bG 4 Ú†‹éý•

®̈ý±û|¶†²ÿ Öýéî ô Îß̧ ¬…°¬. …² ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ ì~ë

03LX| ¶†̈• º±Þ• spilihP| Þ»õ° øéñ~€ …¶}×†¬û º~.

°ô½|ø†  |

…‹}~… ¬ì†ÿ {í†ï ðõ…¤þ …Þ·}±ô¬° ¬ì†ÿ ì¥ýÈ …ð}©†Ž º~. ̈õ°…á „°¬

…² ÚýØ ̈õ°…á|¬øþ …ôë ô „Ž …² ÚýØ ̈õ°…á|¬øþ ¬ôï ‹† ð·Œ• 04

¬°¾~ ô²ðþ ô â†² Þ±‹ò ¬üõÞ·ý~ ¬° …‹}~…ÿ ð†¤ýú �ñœî ‹† Ö»†° ÷†‹•

rab|3 ô…°¬ ¶†ì†ðú º~. ¬° …üò ¤†è• ‹† Ú±…°¬…¬ó ¬ô°‹ýò Öýéî|‹±¬…°ÿ ¬°

ì·ý± ðõ…¤þ ì©}éØ …Þ·}±ô¬°€ ð¥õû …ð¥çë â†² Þ±‹ò ¬üõÞ·ý~ ô

…̈}çÉ „°¬ ‹† „Ž ÷Œ• ìþ|º~. …üò Îíéý†– ¬° ¶±Î•|ø†ÿ Ÿ±̈¼ �ý¢

5/6€ 01ô mpr5/31 …ðœ†ï ô ð}†ü� ÷Œ• º~. �̧ …² …ð¥çë Î†ìê ¬ì¼€

…›†²û ¬…¬û º~€ Ö»†° ¬° ¤~ü~û ¾×¥ú|…ÿ ‹ú Ö»†° mta1 Þ†ø¼ ü†‹~. ‹†

ÎŒõ°  ì¥éõë …² ¤~ü~û ô …üœ†¬ ð†�†ü~…°ÿ {±ìõ¬üñ†ìýßþ€ ø·}ú|â̄…°ÿ

„Ò†² º~. ‹† ÞõŸà â±Ö}ò Æõë ¤~ü~û )mc 1(€ …÷± {ñ¼ ‹±ºþ ð†ºþ …²

¤~ü~û ‹± ¶†̈}†° ô Þ»ý~âþ ¤Œ†Ž|ø† ‹ú ¤~…Úê Þ†ø¼ ¬…¬û º~.

‹ñ†‹±…üò ‹† {Óýý± ¶±Î• �ý¢€ ÖÛÈ …÷± {ñ¼ ‹±ºþ ¬°ôó …Þ·}±ô¬° ‹±

ºßê1 -{Óýý±…– â±…ð±ôÿ ̈íý± ‹± ¤·� ¶±Î• ‹±½.
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Ö±…üñ~ …ð¥çë ô ø·}ú|â̄…°ÿ ‹±°¶þ º~. �̧ …² ̈±ôž ðíõðú …² ¤~ü~û

¶ú ÚÇÏú …² „ó {ùýú |º~.  ø± Þ~…ï …² ðíõðú|ø† ‹ú ì~– h42 ¬° ¶ú ¬ì†ÿ

0€ 52 ô Co05 Ú±…° â±Ö}ñ~ {† ¬° …üò ¬ì† {̃Œý• ºõð~. ¶�̧€ ðíõðú|ø†ÿ

ìõ›õ¬ ¬° ¬ì†ø†ÿ 0 ô Co05 € ¬° ¬ì†ÿ ì¥ýÈ ‹ú ì~–  h42 Ú±…° â±Ö}ñ~

{† ‹ú Æõ° Þ†ìê {̃Œý• ºõð~.  |

¬° …üò �µôø¼€ ð¥õû …ð¥çë …² ¬ô °…û ì»†ø~û ì·}Ûýî ¬°ôó

…Þ·}±ô¬° ‹ú ô¶ýéú Öýéî|‹±¬…°ÿ …² ð†¤ýú …ð¥çë �̧ …² {³°üÜ â†² ‹ú

¬°ôó …Þ·}±ô¬° ô ‹±°¶þ {¿†ôü± MES| ì¥¿õë …¶×ñ� º~û ìÇ†èÏú

º~. øî|Ÿñýò€ {Ï~…¬ ¶éõë|ø† ‹ú Þíà {¿†ôü± MES| ì¥¿õë …¶×ñ�

‹±°¶þ º~.

°ô½ {Ïýýò Ÿã†èþ …¶×ñ�

Ÿã†èþ ðíõðú|ø† ‹† {õ²üò ðíõðú ô …ð~…²û|âý±ÿ ¤œî „ó ‹ú ô¶ýéú …¶}õ…ðú

ì~°ž ‹ú ¬Ú• ì¥†¶Œú º~. {±…²ôÿ ìõ°¬ …¶}×†¬û ¬° …üò „²ì†ü¼

0211 relteM| ‹† ¬Ú• gm1/0 ‹õ¬.

°ô½ ì¥†¶Œú Ÿã†èþ ¶éõèþ  |

¬° …üò �µôø¼ …² °ô½ …°…̂ú º~û {õ¶È Þõì†° ô ôè± ‹±…ÿ ì¥†¶Œú

Ÿã†èþ …¶}×†¬û º~]|32[:

¬° …üò  ìÏ†¬èú 0N| {Ï~…¬ ¤Œ†Ž|ø† ‹± ô…¤~ ¤œî€ n| {Ï~…¬ ¤Œ†Ž ¬°

{¿õü± ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ€ M‹³°å|ðí†üþ {¿õü±€ A|

ì·†¤• ðíõðú ô fV| Þ·± ¤×±û …¶•. Þ·± ¤×±û ÆŒÜ ìÏ†¬èú )3(

{Ï±üØ ìþ|ºõ¬:

Þú | ô | ‹ú {±{ý� Ÿã†èþ |ðíõðú|ø†ÿ …¶×ñœþ ð»~û ô º~û …¶•.

ð}†ü� ô ‹¥™

ºßê 2 ì»†ø~…– ¤†¾ê …² ð†¤ýú …̈}çÉ Î†ìê ¬ì¼ ‹† ²ìýñú ̈íý±

¬…̈ê …Þ·}±ô¬° °… ð»†ó ìþ|¬ø~. �̧ …² ¬°ü†Ö• ̈õ°…á „°¬ ‹ú ô¶ýéú

�ý¢€ ̈õ°…á ‹ú ›éõ ‹±¬û º~û ô ¬° ì·ý± ¤±Þ• ‹ú ›éõ …ðŒ†º}ú º~ ô ¬°

…ð}ù†ÿ …üò ð†¤ýú ‹ú ¤†è• {õ¬û {Œ~üê º~. �̧ …² ÎŒõ° {õ¬û „°¬ …ðŒ†º}ú

º~û …² ð†¤ýú …ôë€ ¬° …‹}~…ÿ ð†¤ýú ¬ôï€ „Ž ðý³ ‹ú „ó …Ö³ô¬û º~. ¬°

ì·ý± …üò ð†¤ýú ô ð†¤ýú ‹Ï~ÿ „Ž ‹† „°¬ Þ†ìç# ì©éõÉ º~ ô ‹ú ºßê

¨íý± ôü·ßõ…æ¶}ýà ô…°¬ ð†¤ýú Ÿù†°ï |º~. â†² Þ±‹ò ¬üõÞ·ý~ ¬°

…‹}~…ÿ ð†¤ýú �ñœî ô…°¬ ¬¶}ã†û º~. �̧ …² …Ö³ô¬û º~ó â†² ‹ú ̈íý± ¬°

ð†¤ýú �ñœî Îíéý†– …̈}çÉ …üò ¬ô ì†¬û …ðœ†ï º~.

|…² {¿†ôü± ÷Œ• º~û ‹ú ô¶ýéú ¬¶}ã†û ¬ô°‹ýò Öýéî|‹±¬…°ÿ �ý¼ ô �̧

…² …Ö³ô¬ó â†²€ ì»†ø~û ìþ|ºõ¬ Þú �̧ …² …Ö³ô¬ó â†² ‹ú ¶†ì†ðú€ ¤±Þ•

ìõ…¬ ‹ú ¶í• ¤~ü~û ¶±üÐ|{± ìþ|ºõ¬. …üò ìõÂõÑ ‹ú ¬èýê Ö»†° â†²

ô°ô¬ÿ ô Þ†ø¼ â±…ð±ôÿ ̈íý± ¬° ìœ†ô°– â†² …¶•. øî|Ÿñýò€

…Ö³ô¬ó â†² ‹ú ¶†ì†ðú ìõ›� ¤±Þ•|ø†ÿ ¬ô°…ðþ ì}Ï~¬ ̈íý± ¬° ì·ý±

¤±Þ• „ó ‹ú ¶í• ¤~ü~û º~û …¶•. …üò ìÇé� ‹~üò ìÏñ†¶• Þú

Ö»†° {³°üÜ â†² Þî …¶•. …² „ó|›† Þú ¬¶}ã†û ¬° ð†¤ýú �í‘ ‹ú  ¤†è•

Þ†ìç_ �± Þ†° Þ±¬û …¶•€ ‹ñ†‹±…üò ðõ¶†ð†– ðù†üþ ¬° ̈±ô›þ …Þ·}±ô¬°

…üœ†¬ ð»~û …¶•.

ºßê3 {¿†ôü± ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ …² ðíõðú|ø†ÿ …¶×ñ�

{õèý~ º~û ¬° ¶±Î•|ø†ÿ ‹±½ ì}õ¶È ô ²ü†¬ °… ð»†ó ìþ|¬ø~ Þú ¬°

¬ì†ÿ Co52 {̃Œý• º~û …¶•. ‹ú Îé• ô›õ¬ {ñ¼ ‹±ºþ Î†ìê ¬ì¼ ¬°

{í†ï ¶Çõ§ ̈íý± {õ²üÐ º~û ô ‹ú ø·}ú|â̄…°ÿ üßñõ…̈• Þíà Þ±¬û

fρ ρ

)V1/(1[]A/nM[N f
2/32

0 −= )2( 

ρρ−= /1V ff
)3( 

ºßê 2 -{¿†ôü± ¬ô°‹ýò Öýéî|‹±¬…°ÿ …² …ð¥çë Î†ìê ¬ì¼ ¬°

¶±Î•|ø†ÿ ì©}éØ �ý¢: )…èØ( ì}õ¶È ô )Ž( ²ü†¬.

)…èØ(

)Ž(
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…¶•. …² ¶õüþ ‹† …Ö³…ü¼ ¶±Î• ‹±½€ ¤Œ†Ž|ø†ÿ {õèý~ÿ ¬…°…ÿ …‹Ï†¬

°ü³{± ô üß·†ó|{±ÿ ø·}ñ~. …üò ìÇé� ‹~üò ìÏñ†¶• Þú Î†ìê ¬ì¼ ‹ú

¨õ‹þ ¬° ìý†ó ̈íý± {õ²üÐ º~û …¶•. …¶×ñ� {õèý~ÿ ¬…°…ÿ ¶†̈}†°

¶éõë ‹·}ú …¶•. ìÛ~…° …{çÙ â†² ‹ú ¬æüê ²ü± ð†Ÿý³ ô Ú†‹ê …Òí†Å

…¶•:

- â†² �ý¼ …² ð†¤ýú �í‘ {³°üÜ º~û …¶•.

- {Ï~…¬¤Œ†Ž|ø†ÿ ‹·}ú ̈ýéþ ‹ý»}± …² ¤Œ†Ž|ø†ÿ ‹†² …¶•.

- ¬° �õ¶}ú ‹ý±ôðþ€ ð†¤ýú …¶×ñ� ð»~û Þî …¶•.

ºßê 4 {Ï~…¬ ¤Œ†Ž ‹± ô…¤~ ¤œî ‹±…ÿ ðíõðú|ø†ÿ …¶×ñ� {õèý~ º~û ¬°

¶±Î•|ø†ÿ ‹±½ ì©}éØ °… ð»†ó ìþ|¬ø~. ‹† …Ö³…ü¼ ¶±Î• ‹±½€

{Ï~…¬ ¤Œ†Ž|ø† ‹± ô…¤~ ¤œî …² 67 ‹ú 68 ìýéýõó …Ö³…ü¼ ìþ|ü†‹~. ‹†

…Ö³…ü¼ ¶±Î• ‹±½ …² ¶õüþ …ð¥çë Î†ìê ¬ì¼ üßñõ…̈•|{± ìþ|ºõ¬

ô ìõ›� {õ²üÐ â†² ¬° {í†ï ìñ†ÆÜ ô …Ö³…ü¼ ìÛ~…° â†² Ú†‹ê ¬¶}±¹

‹±…ÿ °º~ ø·}ú ô ÎŒõ° ø·}ú …² ºÏ†Ñ ‹¥±…ðþ ô {Œ~üê {Ï~…¬ ‹ý»}±ÿ

ø·}ú ‹ú ø·}ú �†ü~…° ìþ|ºõ¬. …² ¶õÿ ¬üã±€ …Ö³…ü¼ ¶±Î• ‹±½ ‹†Î™

ºß·• ¤Œ†Ž|ø†ÿ ‹³°å|{± ‹ú ¤Œ†Ž|ø†ÿ ÞõŸà|{± ô ¬° ðù†ü•

…Ö³…ü¼ {Ï~…¬ ø·}ú|ø† ìþ|ºõ¬. øî Ÿñýò€ …Ö³…ü¼ ¶±Î• ‹±½ ‹†Î™

Þ»ý~âþ ¶éõë ô Þ†ø¼ ºÏ†Ñ ‹¥±…ðþ „ó ìþ|ºõ¬. ‹ñ†‹±…üò€ {Ï~…¬ ø·}ú

‹ý»}±ÿ ‹ú ø·}ú �†ü~…° {Œ~üê ìþ|ºõ¬. ¬° ð}ýœú {Ï~…¬ ¤Œ†Ž ‹ý»}±ÿ

{õèý~ ìþ|ºõ¬.

ºßê 5 Ÿã†èþ ¤Œ†Ž ‹±…ÿ ðíõðú|ø†ÿ …¶×ñ� {õèý~ º~û ¬° ¬ì†ø†ÿ

{̃Œý• ì©}éØ °… ð»†ó ìþ|¬ø~. ¬° ¶±Î• �ý¢ Þî€ ‹† …Ö³…ü¼ ¬ì†ÿ

{̃Œý•€ {Ï~…¬ ¤Œ†Ž|ø† …² 97 ìýéõó ‹ú 86 ìýéýõó ¤Œ†Ž ‹± ô…¤~ ¤œî

Þ†ø¼ ìþ|ü†‹~. ‹† …Ö³…ü¼ ¬ì†ÿ {̃Œý• ¤Œ†Ž|ø† Ö±¾• ‹ý»}±ÿ ‹±…ÿ

°º~ ¬…°ð~. ‹ú ÎŒ†°– ¬üã±€ ‹† …Ö³…ü¼ ¬ì†ÿ {̃Œý• ðý±ôÿ ì¥±Þú æ²ï

ºßê 3 -{¿†ôü± ìýß±ô¶ßõ’ …èß}±ôó|�õü»þ …² ðíõðú …¶×ñ� ‹†

‹³°å|ðí†üþ 005 ‹±…‹±€ {õèý~ º~û ¬° ¶±Î•|ø†ÿ ì©}éØ �ý¢: )…èØ(

²ü†¬ ô )Ž( ì}õ¶È.

)…èØ(

)Ž(

ºßê 4 -{Óýý±…– Ÿã†èþ ¤Œ†Ž ‹± ¤·� ¶±Î• �ý¢.

ºßê 5 -{Óýý±…– Ÿã†èþ ¤Œ†Ž ‹± ¤·� ¬ì†ÿ {̃Œý•.
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‹±…ÿ °º~ ‹ý»}± ¤Œ†Ž|ø† Ö±…øî ìþ|ºõ¬. ‹ñ†‹±…üò€ ‹† °º~ ¤Œ†Ž|ø†

ìÛ~…° â†² ‹ý»}±ÿ ‹±…ÿ „ðù† ðý†² …¶•. …üò …ì± ‹†Î™ Þ†ø¼ º†ð̧

¤Œ†Ž|ø†ÿ ÞõŸà|{± ô ð†�†ü~…° ìþ|ºõ¬ ô ‹† …² ‹ýò °Ö}ò …üò ø·}ú|ø† â†²

…Â†Öþ€ ¬° …̈}ý†° °º~ ‹ý»}± ¤Œ†Ž|ø†ÿ ¬üã± Ú±…° ìþ|âý±¬. …² ¶õÿ

¬üã±€ ‹† …Ö³…ü¼ ¬ì†ÿ {̃Œý• Ö±¾• °º~ ‹ý»}± ¤Œ†Ž|ø† Ö±…øî

ìþ|ºõ¬. °º~ ¤Œ†Ž|ø† ìñœ± ‹ú {í†¹ ¤Œ†Ž|ø† ô ¬° ðù†ü•

¬°øî|°Ö}ãþ ô …¬Ò†ï ¤Œ†Ž|ø† ìþ|ºõ¬. ‹ñ†‹±…üò€ {Ï~…¬ ¤Œ†Ž|ø† Þ†ø¼

ìþ|ü†‹~. ¬° ¬ì†ÿ {̃Œý•  Co05  Ÿã†èþ ¤Œ†Ž …² Þí}±üò ìÛ~…° ¤Œ†Ž

üÏñþ 86 ìýéýõó ¤Œ†Ž ‹± ¶†ð}þ|ì}± ìßÏ� ¬° ¶±Î• ‹±½ Þî ‹ú 08

ìýéýõó ¤Œ†Ž ‹± ¶†ð}þ|ì}± ìßÏ� ¬° ¶±Î• ‹±½ ²ü†¬ …Ö³…ü¼ ìþ|ü†‹~.

›~ôë 1 {Óýý±…– Ÿã†èþ ¤Œ†Ž ‹† …Ö³…ü¼ ¶±Î• �ý¢ °… ð»†ó

ìþ|¬ø~. ‹† …Ö³…ü¼ ¶±Î• �ý¢ …² 5/6 ‹ú mpr01 ¬° ¬ì†ÿ {̃Œý• ¾×±

¬°›ú ¶†ð}þ|â±…¬€ ‹ý»}±üò …Ö³…ü¼ Ÿã†èþ ¤Œ†Ž ¤†¾ê ìþ|ºõ¬. ¬°

…üò ¤†è•€ Ÿã†èþ ¤Œ†Ž 73/01 ¬°¾~ …Ö³…ü¼ ü†Ö}ú …¶•. øñã†ìþ Þú

¶±Î• �ý¢ …²01 ‹ú mpr5/31 …Ö³…ü¼ ìþ|ü†‹~€ ìÛ~…° …Ö³…ü¼ Ÿã†èþ

¤Œ†Ž ‹ú 34/3 ¬°¾~ Þ†ø¼ ìþ|ü†‹~. …üò °ôð~ ¬° ¬ì†ÿ {̃Œý• Co52 ðý³

¬ðŒ†ë ìþ|ºõ¬. ‹† {Óýý± ¬ì†ÿ {̃Œý• …² ¾×± ‹ú Co52€ øñã†ìþ Þú ¶±Î•

�ý¢ …²01 ‹ú mpr5/31 …Ö³…ü¼ ìþ|ü†‹~€ ìÛ~…° {Óýý±…– Ÿã†èþ ¤Œ†Ž

‹ý»}± ìþ|ºõ¬. …ì† ‹† …Ö³…ü¼ ¶±Î• �ý¢ …² 5/6 ‹ú mpr01€ {Óýý±

ì¥·õ¶þ ¬° Ÿã†èþ ¤Œ†Ž ¤†¾ê ðíþ|ºõ¬. …üò ìÇé� ð»†ó|¬øñ~û

Ò†è� ‹õ¬ó …÷± ¶±Î• �ý¢ ‹± …÷± ¶±Î• ¶±ì†ü¼ ¬° ¤†è• …ôë …¶•.

…² ¶õÿ ¬üã±€ ¬° …üò ¬ô ¬ì†ÿ {̃Œý•€ ¬° ¶±Î•|ø†ÿ �ý¢ Þí}± …²

mpr01 ìÛ~…° …Ö³…ü¼ Ÿã†èþ ¤Œ†Ž ‹ý»}± …² …üò ìÛ~…° ¬° ¶±Î•|ø†ÿ

�ý¢ ‹ý»}± …² mpr01 …¶•.

ìÛ~…° …Ö³…ü¼ Ÿã†èþ ¤Œ†Ž ¬° ¬ì†ÿ {̃Œý• Co05 ‹† …Ö³…ü¼ ¶±Î•

�ý¢ …² 5/6 ‹ú mpr 01 Þí}± …² ¶†ü± ¬ì†ÿ {̃Œý• ô ‹±…‹± ‹† 7/5 ¬°¾~ …¶•.

…üò ìÛ~…° ‹† …Ö³…ü¼ ¶±Î• �ý¢ …²01 ‹ú mpr5/31 ‹ú 42/9 ¬°¾~ …Ö³…ü¼

ìþ|ü†‹~. {õ›ýú ìíßò ‹±…ÿ ¤†è• ì³‹õ° …üò …¶• Þú ‹† …Ö³…ü¼ ¬ì†ÿ

{̃Œý• ü† Þ†ø¼ ¶±Î• ¶±ì†ü¼ ¬° ¶±Î• �ý¢ ²ü†¬{±€ ‹ý»}±üò ìÛ~…°

{Óýý±…– Ÿã†èþ ¤Œ†Ž …üœ†¬ ìþ|ºõ¬. ‹ú ÎŒ†°– ¬üã±€ ‹±…ÿ …Ö³…ü¼

ìÏýò Ÿã†èþ ¤Œ†Ž ¬° ¬ì†ÿ {̃Œý• ‹†æ€ ìÛ~…° ‹±½ ‹ý»}±ÿ ð·Œ• ‹ú

¬ì†ÿ {̃Œý• �†üýò ðý†² …¶•.

›~ôë 2 ¬°¾~ Þ†ø¼ Ÿã†èþ ¤Œ†Ž ‹† {Óýý±…– ¬ì†ÿ {̃Œý• °… ð»†ó

ìþ|¬ø~. ¬° {í†ï ¶±Î•|ø†ÿ �ý¢€ ‹ý»}±üò ìÛ~…° Þ†ø¼ Ÿã†èþ ¤Œ†Ž€ ‹†

…Ö³…ü¼ ¬ì†ÿ {̃Œý• …² 52 ‹ú Co05 ¤†¾ê ìþ|ºõ¬ ô ¬° ‹ý»}±üò ¶±Î•

�ý¢ Þí}±üò ìÛ~…°Þ†ø¼ °… ìþ|{õ…ó ì»†ø~û Þ±¬. ‹† …Ö³…ü¼ ¶±Î• �ý¢

…‹}~… ìÛ~…° Þ†ø¼ Ÿã†èþ ¤Œ†Ž …Ö³…ü¼ ô ¶�̧ Þ†ø¼ ìþ|ü†‹~.  |

…² °ôð~ {Óýý±…– Ÿã†èþ ¤Œ†Ž ‹† {Óýý±…– ¬ì† ô ¶±Î• �ý¢ ¬°

›~ôë|ø†ÿ 1 ô 2 ìþ|{õ…ó ð}ýœú â±Ö• Þú ‹† …Ö³…ü¼ ¶±Î• �ý¢€ Ÿã†èþ

¤Œ†Ž …Ö³…ü¼ ìþ|ü†‹~. …ì† …² üà ìÛ~…°€ ¬üã± …Ö³…ü¼ ¶±Î• �ý¢ ‹±

Ÿã†èþ ¤Œ†Ž …÷±ÿ ð~…°¬ ô ‹† …Ö³…ü¼ ¬ì†ÿ {̃Œý• …üò °ôð~ ‹ú

¶±Î•|ø†ÿ �ý¢ ‹ý»}± ìñ}Ûê ìþ|ºõ¬ ô ‹ý»}±üò ¶±Î• �ý¢ ìõö÷± ‹±

Ÿã†èþ ¤Œ†Ž ¬° ìÛ†¬ü± ²ü†¬{± ¤†¾ê ìþºõ¬.

ð}ýœú|âý±ÿ

‹† …Ö³…ü¼ {ñ¼ ‹±ºþ€ {õ²üÐ Î†ìê ¬ì¼ ¬° ¶Ç¦ ²ìýñú �éýí±ÿ …Ö³…ü¼

ìþ|ü†‹~. …² ¶õüþ ¬° …üò ¤†è• ‹† ºß·}ú º~ó ¤Œ†Ž|ø†ÿ ‹³°å ‹ú

¤Œ†Ž|ø†ÿ ÞõŸà|{± ô …Îí†ë {ñ¼ ìß†ðýßþ ‹± ¶†ì†ðú€ …̈}çÉ ‹ù}±ÿ

…ðœ†ï ìþ|ºõ¬. ¬° Ö»†° ¶ý±º~û ìÏýò€ ‹† …Ö³…ü¼ {ñ¼ ‹±ºþ Ÿã†èþ

¤Œ†Ž …Ö³…ü¼ ìþ|ü†‹~. ¬°…üò ¤†è• ‹† …Ö³…ü¼ …ð±ÿ́ ¶Ç¥þ ‹ú Þíà

{ñ¼ ‹±ºþ€ �}†ð·ýê ºýíý†üþ æ²ï ‹±…ÿ ø·}ú|â̄…°ÿ …Ö³…ü¼ ìþ|ü†‹~ ô

{Ï~…¬ ¤Œ†Ž ‹ý»}±ÿ {õèý~ ìþ|ºõ¬. …² ¶õÿ ¬üã±€ ‹† …Ö³…ü¼ {ñ¼ ‹±ºþ

ô {Óýý± ºßê ø·}ú …² ¤†è• Þ±ôÿ€ ºÏ†Ñ ‹¥±…ðþ Þ†ø¼ ü†Ö}ú ô {Ï~…¬

ø·}ú ‹ý»}±ÿ Ö±¾• ‹Û† �ý~… ìþ|Þññ~. ‹† …Ö³…ü¼ ¬ì†ÿ {̃Œý• ô Þ†ø¼

¶±Î• ¶±ì†ü¼€ Ÿã†èþ ¤Œ†Ž Þ†ø¼ ìþ|ü†‹~. ¬° …üò ¤†è• …Ö³…ü¼

¶±Î• �ý¢ ‹†Î™ …Ö³…ü¼ Ÿã†èþ ¤Œ†Ž ìþ|ºõ¬. …Ö³…ü¼ ¶±Î• …²

ìÛ~…°ÿ ‹ú ‹Ï~ ¬üã± …÷±ÿ ‹± Ÿã†èþ ¤Œ†Ž ð~…°¬.  |

›~ôë 1 -¬°¾~ …Ö³…ü¼ Ÿã†èþ ¤Œ†Ž ‹† {Óýý±…– ¶±Î• �ý¢.

¬ì†ÿ {̃Œý• )Co( …Ö³…ü¼ ¶±Î• �ý¢

)mpr(05 52 0

20/0±%07/5

20/0±%42/9

20/0±%14/41

20/0±%81/01

20/0±%35/5

20/0±%13/21

20/0±%73/01

20/0±%34/3

20/0±%54/31

…² 5/6 ‹ú 01

…² 01 ‹ú 5/31

…²5/6 ‹ú 5/31

›~ôë 2 -¬°¾~ Þ†ø¼ Ÿã†èþ ¤Œ†Ž ‹† {Óýý±…– ¬ì†ÿ {̃Œý•.

¬ì†ÿ {̃Œý• )Co( …Ö³…ü¼ ¶±Î• �ý¢

)mpr(…² 0 ‹ú 05 …² 52 ‹ú 05 …² 0 ‹ú 52

20/0±%89/41

20/0±%69/02

20/0±%96/31

20/0±%17/01

20/0±%64/21

20/0±%40/8

20/0±%78/3

20/0±%75/7

20/0±0%32/5

5/6

01

5/31



215

‹±°¶þ …÷± ¶±Î• ‹±½ ‹± …ð¥çë â†² ô {Ï~…¬ ¤Œ†Ž ¬° Ö±…üñ~ {õèý~ �ýõ¶}ú …¶×ñ� ì¥í~ ¤·ýò ðõü~ Ö†ìýéþ€ ì¥í~ „Þõ

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

ì±…›Ð

1. Meysami M. and Famili M.H.N., Producing Microcellular

Foams by Using Supercritical Fluids, MSc Thesis, Tarbiat

Modares University, March 2005.

2. Mohebbi A., Famili M.H.N., and M. Kokabi, Production of

Nanocomposite Microcellular Foam and Presenting a Model to

Predict their Nucleation, MSc Thesis, Tarbiat Modares Univer-

sity, March 2007.

3. Han X., Zeng C., Lee L.J., Koelling K.W., and D.L. Tomasko,

Extrusion of Polystyrene Nanocomposite Foams with Supercrit-

ical CO2, Polym. Eng. Sci., 43, 1261-1275, 2003.

4. Park C.B., Behravesh A.H. and Venter R.D., Low Density Micro-

cellular Foam Processing in Extrusion Using CO2, Polym. Eng.

Sci., 38, 1812-1822, 1998.

5. Lee S.T., Nucleation in Foam Extrusion, J. Cell. Plast., 37, 221-

230, 2001.

6. Jahani Y. and Barikani M., Effect of Side Chain Branched PP,

EPDM and HDPE as a Third Component on Melt Extensional

Behaviour of Ternary Blends, Iran. Polym. J., 14, 693-704,

2005.

7. Jahani Y. and Barikani M., Rheological and Mechanical Study of

Polypropylene Ternary Blends for Foam Application, Iran.

Polym. J., 14, 361-370, 2005.

8. Jahani Y. and  Barikani M., Effect of Blend Composition on

Extrusion Foaming Behaviour of Linear and Branched

Polypropylene Ternary Blends, Iran. Polym. J., 16, 627-636,

2007.

9. Boliver A.I., Venditti R.A., Pawlak J.J., and El-Tahlawy K.,

Development and Characterization of Novel Starch and Alkyl

Ketene Dimmer Microcellular Foam Particles, Carbohyd.

Polym., 69, 262-271, 2007.

10. Willett J.L. and Shogren R.L., Processing and Properties of

Extruded Starch/Polymer Foams, Polymer, 43, 5935-5947, 2002.

11. Mihai M., Huneault M.A., Favis B.D., and Li H., Extrusion

Foaming of Semi-crystalline PLA and PLA/Thermoplastic

Starch Blends, Macromol. Biosci., 7, 907-920, 2007.

12. Beydokhti K.K., Behravesh A.H. and Azdast T., An Experimen-

tal Study on Mechanical and Microstructural Properties of

Microcellular Foams of ABS Composites, Iran. Polym. J., 15,

555-567, 2006.

13. Mahmoodi M. and Behravesh A.H., The Effect of Pressure Drop

Rate on the Microstructures of Unfilled and Glass-filled ABS

Microcellular Foams, Iran. Polym. J., 16, 839-849, 2007.

14. Park C.B. and Cheung L.K., A Study of Cell Nucleation in the

Extrusion of  Polypropylene Foams, Polym. Eng. Sci., 37, 1-10,

1997.

15. Park C.B. and Suh N.P., The Role of Polymer/Gas Solution in

Continuous Processing of Microcellular Polymers, PhD Thesis,

Massachusetts Institute of Thechnology, May 1993.

16. Chen L., Wang X., Straff R., and Blizard K., Shear Stress Nucle-

ation Microcellular Foaming Process, Polym. Eng. Sci., 42,

1151-1158, 2002.

17. Lee S.T., Foam Extrusion, Thecnomic, Lancaster, Pennsylva-

nia,108-115, 2000.

18. El-Tahlawy K., Venditti R.A., and Pawlak J.J., Aspects of the

Preparation of Starch Microcellular Foam Particles Crosslinked

with Glutaraldehyde Using a Solvent Exchange Technique, Car-

bohyd. Polym., 67, 319-331, 2007.

19. Zhu W., Zhou N., and Wu H., Multiplex Shear Stress-Induced

Nucleation in Dynamic Microcellular Foaming Process, Polym.

Eng. Sci., 46, 1728-1738, 2006. 

20. Xu X., Park C.B., Lee J.W.S., and Zhu X., Advancsd Structural

Foam Molding Using a Continuous Polymer/Gas Melt Flow

Stream, J. Appl. Polym. Sci., 109, 2855-2861, 2008. 

21. Lee J.W.S. and Park C.B., Use of Nitrogen as a Blowing Agent

for the Production of Fine-celled High-density Polyethylene

Foams, Macromol. Mater. Eng., 291, 1233-1244, 2006.

22. Park C.B. and Suh N.P., Filamentary Extrusion of Microcellular

Polymers Using a Rapid Decompressive Element, Polym. Eng.

Sci., 36, 34-48, 1996.

23. Sun H. and Mark J.E., Preparation, Characterization and

Mechanical Properties of some Microcellular Polysulfone

Foams, J. Appl. Polym. Sci., 86, 1692-1701, 2002.




