
In suspension polymerization, particle size distribution of polymer is the
outcome of dynamic equilibrium between the break up and coalescence
phenomena. The rates of break up and coalescence and consequently

polymerization stability depend on several parameters, the most important of
which are type and concentration of stabilizer. In this study, the effects of
type and concentration of stabilizer, concentration of initiator and tempera-
ture on the average particle size and its distribution in suspension polymer-
ization of styrene were experimentally studied. The results showed that poly-
meric stabilizers, polyvinyl alcohol (PVA) and polyvinyl pyrrolidone (PVP),
are more effective than tricalcium phosphate (TCP) as an inorganic stabiliz-
er in reducing coalescence and achieving narrower particle size distribution.
By increasing the stabilizer concentration, average particle size was reduced,
while by increasing the initiator concentration, the average particle size and
its distribution increased. Lowering polymerization temperature led to small-
er average particle size with its narrower distribution. 
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ì¥~ô¬û ì¼ 001-01 ìÇ†‹Ü …¶}†ð~…°¬ 11-E MTSA| ô ‹ú øí±…û üà

è±²…ðñ~û )21-8DS LCS rotarbiV( {ùýú º~.

‹±…ÿ ÷Œ• {¿†ôü± MES|€ …² ¬¶}ã†û ìýß±ô¶ßõ’ …èß}±ôðþ|�õü»þ

ì~ë 063S egdirbmaC| …¶}×†¬û º~.

°ô½|ø†

„²ì†ü¼|ø† ‹† …̈}çÉ „Ž€ �†ü~…°Þññ~û ô Î†ìê ÖÏ†ë ¶Ç¥þ ‹ú ô¶ýéú

øî|²ó ô ‹ú øí±…û â±ì†ü¼ „Ò†² º~. ¶±Î• øî|²ó °ôÿ mpr521 {ñËýî

º~. ‹† …¬…ìú â±ì†ü¼€ ìõðõì± …¶}ý±ó ‹ú øí±…û „Ò†²â± …Â†Öú ô ¬ì†ÿ

°…Þ}õ° ‹ú ¬ì†ÿ �éýí±º~ó °¶†ð~û º~. „²ì†ü¼|ø† ¬° ¬ô ¬ì†ÿ ì©}éØ

57 ô Co|98 …ðœ†ï º~ Þú ²ì†ó �éýí±º~ó ¬° ø± ¬ì† ‹ú {±{ý� 5/7 ô h5/6

‹õ¬. �̧ …² â̄º• ì~– ²ì†ó �éýí±º~ó€ ¬…ðú|ø†ÿ �éþ|…¶}ý±ó {©éýú ô

‹† „Ž º·• ô ºõ ¬…¬û º~û ô ̈»à º~ð~. ‹±…ÿ …Æíýñ†ó …² Þ±ôÿ

‹õ¬ó ô ºßê|ºñ†¶þ ¬…ðú|ø†€ …² ðíõðú|ø† MES| â±Ö}ú º~ Þú ºßê1

âõü†ÿ …üò ì~Î†¶•.

‹±…ÿ ‹ú ¬¶• „ô°¬ó …ð~…²û ®°…– �éýí±€ ìÛ~…°ÿ {õ²üò º~û …² „ó€ ‹†

…¶}×†¬û …² …èà|ø† Ò±‹†ë º~û ô ‹† ô²ó Þ±¬ó �éýí± ìõ›õ¬ °ôÿ ø± …èà€

ìÛ~…° ¬…ðú|ø†ÿ �éýí± ‹† ÚÇ±ÿ ‹±…‹± ÚÇ± ¶õ°…«|ø†ÿ „ó …èà ì»©À

º~. ‹~üò {±{ý� ›³Š ›±ìþ ¬…ðú|ø† ¬° ø± …èà ‹ú ¬¶• „ì~û ô ‹† °¶î

ðíõ¬…°ÿ Þú ì¥õ° …ÖÛþ „ó€ ÚÇ± ¬…ðú|ø† )ÚÇ± ¶õ°…« ø± …èà( ‹± ¤·�

ìýéþ|ì}± ô ì¥õ° Îíõ¬ÿ „ó€ ›³Š ›±ìþ ¬…ðú|ø† ¬° ø± …èà …¶•€

ìñ¥ñþ {õ²üÐ …ð~…²û ®°…– ì»©À º~.

Æ±…¤þ „²ì†ü¼|ø† ‹† …¶}×†¬û …² °ô½ {Óýý± üà Î†ìê ¬° ø± ²ì†ó

…ðœ†ï º~. Î†ìê|ø†ÿ ìõ°¬ ðË± Þú ‹† {õ›ú ‹ú ð}†ü� ìÇ†èÏ†– �ý»ýò

…ð}©†Ž º~ð~€ ÎŒ†°– ‹õ¬ð~ …²: ¬ì†€ ÒéË• „Ò†²â± ô ðõÑ ô ÒéË•

�†ü~…°Þññ~û. ‹±…ÿ ‹±°¶þ …üò Î†ìê|ø†€ ¬° ìœíõÑ 01 „²ì†ü¼ …ðœ†ï º~

Þú º±…üÈ „ðù† ¬° ›~ôë1 „ô°¬û º~û …¶•.

ð}†ü� ô ‹¥™

¬° „²ì†ü¼|ø†ÿ …ðœ†ï º~û€ ¬…ðú|ø†ÿ �éýí± ¬° ì¥~ô¬û …ð~…²û|ø†ÿ

m||0091-521 ‹ú ¬¶• „ì~ Þú ð»†ó|¬øñ~û …ìß†ó â·}±¬âþ {õ²üÐ

…ð~…²û ®°…– ¬° �éýí±º~ó {ÏéýÛþ ¬° ¤†è• …¶}×†¬û ð†ìñ†¶� …²

�†ü~…°Þññ~û|ø†¶•. ð}†ü� ¤†¾ê …² „²ì†ü¼|ø† ¬° ›~ôë|ø†ÿ 2 ô 3

μ

μ



503

…÷± ¬ì†€ „Ò†²â± ô �†ü~…° Þññ~û ‹± …ð~…²û ®°…– �éýí± ¬° �éýí± º~ó {ÏéýÛþ …¶}ý±ó ì¥í~ ¬…ð»ã± ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 6€ ‹ùíò -…¶×ñ~ 9831 

„ô°¬û º~û …¶•.

…÷± ðõÑ �†ü~…°Þññ~û

¬° „²ì†ü¼|ø†ÿ 1 ô 2 …÷± ¬ô ðõÑ �†ü~…°Þññ~û �éýí±ÿ �éþ|ôüñýê

�ý±ôèý~ôó ô �éþ|ôüñýê|…èßê ¬° ÒéË• üß·†ó ‹† üà|¬üã± ìÛ†ü·ú º~û

…¶•. ð}†ü� …üò „²ì†ü¼|ø† ¬° ›~ôë 2 ô ºßê2 „ô°¬û º~û …¶•.

ì»†ø~û ìþ|ºõ¬€ {õ²üÐ ô ì}õ¶È …ð~…²û ®°…– ì±‹õÉ ‹ú �†ü~…°Þññ~û

�éþ|ôüñýê|…èßê ‹ú {±{ý� â·}±¬û|{± ô ÞõŸà|{± …² �éþ|ôüñýê �ý±ôèý~ôó

…¶•. Îé• …üò …ì± °… ìþ|{õ…ó ‹ú ô›õ¬ â±ôû HO| ¬° �éþ|ôüñýê|…èßê

ì±‹õÉ ¬…ð·•. ‹† {õ›ú ‹ú …üò Þú �†ü~…°Þññ~û|ø†ÿ ì³‹õ° …² ðõÑ �éýí±ÿ

Òý±üõðþ ø·}ñ~€ ô›õ¬ â±ôû HO| ¬° �éþ|ôüñýê|…èßê€ ‹†Î™ {Ûõü•

ðý±ôø†ÿ …{¿†ë|¬øñ~û „ðù† ‹ú Ö†² „èþ ô „‹þ º~û ô æüú ‹ú ô›õ¬ „ì~û ‹ú

ô¶ýéú „ó �ý±…ìõó ÚÇ±û ìõðõì± °… ì·}¥ßî|{± ìþ|¶†²¬. ¤†ë ¬° …÷±

‹±̈õ°¬ø†ÿ ì}õ…èþ ÚÇ±û|ø†ÿ ìõðõì± ‹ú üà|¬üã±€ æüú �éþ|ôüñýê|…èßê

�ý±…ìõó ÚÇ±û ¬ü±{± …² æüú ì±‹õÉ ‹ú �éþ|ôüñýê �ý±ôèý~ôó �†°û º~û ô

Ÿ·Œñ~âþ Þí}± ìþ|ºõ¬. Þ†ø¼ Ÿ·Œñ~âþ ðý³ ìñœ± ‹ú ÞõŸà º~ó

®°…– �éýí± ¤†¾ê ìþ|ºõ¬. …÷± �†ü~…°Þññ~âþ ‹ý»}± �éþ|ôüñýê|…èßê€

¶Œ� �†ü~…°ÿ ‹ý»}± ÚÇ±û|ø†ÿ ÞõŸà ¤†¾ê …² ºß·• ÚÇ±û|ø†ÿ

‹³°å|{± ìþ|ºõ¬. ¬°ð}ýœú …°{×†Ñ �ýà …ôë ìñ¥ñþ {õ²üÐ ‹† �†ü~…°Þññ~û

�éþ|ôüñýê|…èßê ‹ý»}± ìþ|ºõ¬. ôèþ€ ‹±…ÿ �éþ|ôüñýê �ý±ôèý~ôó ‹† {õ›ú ‹ú

�†ü~…°ÿ Þî ÚÇ±û|ø†€ ¬° …÷± ‹±̈õ°¬ø†ÿ ì}õ…èþ ‹ú üà|¬üã± Ÿ·Œý~û ô

ÚÇ±û|ø†ÿ ‹³°å|{±ÿ …üœ†¬ ìþ|ºõ¬ ô ‹†Î™ ¤Ù̄ �ýà …ôë ô {à|Úéú|…ÿ

ºßê 1 -{¿†ôü± MES| …² �éþ …¶}ý±ó {ùýú º~û ‹† �†ü~…°Þññ~û  PCT:|)…èØ( ‹† ‹³°å|ðí†üþ 02 ô  )Ž( …² ¶Ç¦ üà ®°û ‹† ‹³°å|ðí†üþ 005.

›~ôë 1 -º±…üÈ „²ì†ü»ã†øþ ‹±…ÿ �éýí±º~ó {ÏéýÛþ …¶}ý±ó.

)retaw tw%( PVP )retaw tw%( AVP )retaw tw%( PCT ).tS tw%( PB …¶}ý±ó )latot tw%( ¬ì† )Co( ºí†°û „²ì†ü¼

11/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

11/0

690/0

580/0

580/0

580/0

580/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

580/0

71/0

22/0

4/1

4/1

4/1

4/1

19/0

16/0

16/0

16/0

16/0

16/0

01

01

01

01

01

01

01

01

01

01

57

57

57

57

57

57

98

98

98

98

1

2

3

4

5

6

7

8

9

01
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 6€ ‹ùíò -…¶×ñ~ 9831 504

º~ó ìñ¥ñþ {õ²üÐ ‹ú ¶í• ÚÇ±û|ø†ÿ ‹³°å|{± ìþ|ºõð~. ‹†°üà ‹õ¬ó

{õ²üÐ ‹ú øí±…û ‹³°å ‹õ¬ó …ð~…²û ®°…– ð»†ó|¬øñ~û Þý×ý• ‹ù}±

�†ü~…°Þññ~âþ �éþ|ôüñýê|�ý±ôèý~ôó ð·Œ• ‹ú �éþ|ôüñýê|…èßê …¶•.  |

¬° „²ì†ü¼|ø†ÿ 7 ô 8 ðý³ …÷± �†ü~…° Þññ~û|ø†ÿ �éýí±ÿ ô ìÏ~ðþ )¬°

ÒéË• üß·†ó ô º±…üÈ „²ì†ü»þ ì»†‹ú( ‹† üà|¬üã± ìÛ†ü·ú º~û|…ð~.

�éþ|ôüñýê …èßê üà �†ü~…° Þññ~û �éýí±ÿ ô {±ÿ Þé·ýî Ö·×†–€ �†ü~…°

Þññ~û ìÏ~ðþ …¶•. ð}†ü� …üò ¬ô „²ì†ü¼ ¬° ›~ôë2 ô ºßê3 ð»†ó ¬…¬û

º~û …¶•.

øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ ÚÇ± ì}õ¶È ®°…– ô {õ²üÐ „ðù† ¬°

ìœ†ô°– �†ü~…°Þññ~û �éþ|ôüñýê|…èßê ð·Œ• ‹ú {±ÿ|Þé·ýî|Ö·×†– ‹ú

{±{ý� Þí}± ô ‹†°üà|{± …¶•. Îé• …üò …ì± °… ìþ|{õ…ó ‹ú ì†øý•

�†ü~…°Þññ~û|ø† ì±{ŒÈ ¬…ð·•. ø± ¬ô …üò �†ü~…°Þññ~û|ø† ‹ú ¬èýê …¤†Æú

Þ±¬ó ìõðõì±€ ¶Œ� Þî º~ó ¶±Î• Ÿ·Œñ~âþ ô Þ†ø¼ …ð~…²û ®°…–

ìþ|ºõð~. �†ü~…°Þññ~û|ø†ÿ �éýí±ÿ€ Öýéíþ �ý±…ìõó ÚÇ±û {»ßýê

ìþ|¬øñ~ Þú ‹ýò ÚÇ±û|ø†ÿ ìõðõì± ¤†ê̂ ìþ|ºõ¬. ‹ú ¬èýê ô›õ¬ …üò

Öýéî€ Þ»¼ ‹ýò ¶Ç¥þ Þ†ø¼ ü†Ö}ú ô …¤}í†ë Ÿ·Œý~ó „ðù† ‹ú üà|¬üã±

¬° …÷± ‹±̈õ°¬ø†ÿ ÚÇ±û|ø† Þî ìþ|ºõ¬. …ì† �†ü~…°Þññ~û|ø†ÿ ìÏ~ðþ€

Ú†‹éý• {»ßýê æüú �ý±…ìõó ÚÇ±û|ø†ÿ ìõðõì± °… ð~…°ð~ ô ÖÛÈ üà ²…ôüú

{í†¹ ¶ú Ö†²ÿ ‹ýò ìõðõì±€ „Ž ô �†ü~…°Þññ~û …üœ†¬ ìþ|Þññ~. ¬° ÒéË•

üß·†ðþ …² �†ü~…°Þññ~û€ …üò ²…ôüú {í†¹ ð·Œ• ‹ú Öýéî ¤†ê̂€ ìõ›�

Þ†ø¼ ìñ†¶� Þ»¼ ‹ýò ¶Ç¥þ ðíþ|ºõ¬ ô ¬° …÷± ‹±̈õ°¬ ÚÇ±û|ø†

…¤}í†ë Ÿ·Œý~ó „ðù† ‹ý»}± º~û ô ÚÇ±û|ø†ÿ ‹³°å|{±ÿ …üœ†¬ ìþ|ºõ¬.

¬° ð}ýœú€ …ð~…²û ì}õ¶È ®°…– �éýí± ðý³ ‹³°å|{± º~û ô {õ²üÐ

â·}±¬û|{±ÿ ‹ú ¬¶• ìþ„ü~. ¬èýê ¬üã±ÿ Þú ìþ|{õ…ó ¬° …üò ìõ°¬ …°…̂ú

Þ±¬€ Ú†‹éý• …ð¥çë �†ü~…°Þññ~û|ø†ÿ �éýí±ÿ ¬° Ö†² „Ž …¶•. …üò

…ð¥çë ‹†Î™ …Ö³…ü¼ â±…ð±ôÿ Ö†² „‹þ ìþ|ºõ¬ Þú ¬° …÷± „ó …¤}í†ë

‹±̈õ°¬ ÚÇ±û|ø†ÿ ìõðõì± ‹ú üà|¬üã± Þí}± ìþ|ºõ¬. ¬° ð}ýœú ‹·†ì~

‹±̈õ°¬ ®°…– Þí}± º~û ô ¶±Î• Ÿ·Œñ~âþ Þ†ø¼ ìþ|ü†‹~ ô …ð~…²û

®°…– ÞõŸà|{± ìþ|ºõ¬. …ì† {±ÿ|Þé·ýî|Ö·×†– üà �†ü~…°Þññ~û

ð†ì¥éõë ¬° „Ž …¶• Þú ‹ú ¬èýê ¤ê ð»~ó€ …÷±ÿ ‹± â±…ð±ôÿ Ö†² „Ž

ºßê 2 -…÷± ðõÑ �†ü~…°Þññ~û �éýí±ÿ ‹± {õ²üÐ …ð~…²û ®°…–.  |

ºßê 3 -…÷± ðõÑ �†ü~…°Þññ~û ‹± {õ²üÐ …ð~…²û ®°…–.  |

›~ôë 2 -…÷± ðõÑ �†ü~…°Þññ~û ô ÒéË• „Ò†²â± ‹± ÚÇ± ì}õ¶È ô º†̈À

â·}±¬âþ …ð~…²û ®°…–.

IPSP )m( wd μ )m( 23d| μ ºí†°û „²ì†ü¼ ðõÑ Î†ìê ì}Óý±

51/1

91/1

21/1

926

654

954

085

873

693

1

2

4

ðõÑ �†ü~…° Þññ~û

�éýí±ÿ

90/1

90/1

2/154

7/804

9/014

5/683

5

6
ÒéË• „Ò†²â±

1/1

7/1

044

0411

404

309

7

8
ðõÑ �†ü~…° Þññ~û

IPSP )m( wd μ )m( 23d| μ ºí†°û „²ì†ü¼ ðõÑ Î†ìê ì}Óý±

91/1

21/1

21/1

654

754

954

873

593

693

2

3

4

ÒéË• �†ü~…° Þññ~û

�éýí±ÿ

90/1

1/1

7/804

044

5/683

404

6

7
¬ì†

7/1

96/1

84/1

0411

0701

9301

309

598

168

8

9

01

ÒéË• �†ü~…° Þññ~û

ìÏ~ðþ

›~ôë 3 -…÷± ÒéË• �†ü~…°Þññ~û ô ¬ì† ‹± ÚÇ± ì}õ¶È ô º†̈À

â·}±¬âþ …ð~…²û ®°…–.
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 6€ ‹ùíò -…¶×ñ~ 9831 

ð©õ…ø~ ¬…º• ô …² …üò|°ô …÷±ÿ ‹·ý†° …ð~á ‹± …ð~…²û ®°…– �éýí± ¬…°¬.

¬° {í†ï „²ì†ü¼|ø†ÿ …ðœ†ï º~û ‹† {±ÿ|Þé·ýî|Ö·×†–€ ì»†ø~û º~ Þú

Ÿ·Œñ~âþ �éýí± ‹ú èõèú|ø†ÿ ì†°�ý¡þ€ øî|²ó ô ¬üõ…°û °…Þ}õ° ‹ý»}± …²

¤†è}þ …¶• Þú …² �éþ|ôüñýê �ý±ôèý~ôó ü† �éþ|ôüñýê|…èßê …¶}×†¬û

ìþ|ºõ¬. …üò ð}†ü� ð»†ó|¬øñ~û �†ü~…°ÿ Þí}± ¶†ì†ðú �éýí±º~ó ¬°

ìœ†ô°– �†ü~…°Þññ~û|ø†ÿ ìÏ~ðþ …¶•.  |

…÷± ÒéË• �†ü~…°Þññ~û

‹±…ÿ ‹±°¶þ …÷± ÒéË• �†ü~…°Þññ~û€ ¬ô ìœíõÎú „²ì†ü¼ ‹† ¬ô ðõÑ

�†ü~…°Þññ~û …ðœ†ï º~. ¬° „²ì†ü¼|ø†ÿ 2€ 3 ô 4 ÒéË• �éþ|ôüñýê|…èßê …²

580/0 {† 11/0 ¬°¾~ ô²ðþ ð·Œ• ‹ú „Ž ô ¬° „²ì†ü¼|ø†ÿ 8€ 9 ô 01

ÒéË• {±ÿ|Þé·ýî|Ö·×†– …² 580/0 {† 22/0 ¬°¾~ ô²ðþ ð·Œ• ‹ú „Ž

{Óýý± Þ±¬. ¬° ›~ôë3€ …ð~…²û ì}õ¶È ®°…– ô ¬° ºßê|ø†ÿ 4 ô 5€

ìñ¥ñþ {õ²üÐ …ð~…²û ®°…– „ô°¬û º~û …¶•.  |

‹† {õ›ú ‹ú ›~ôë3 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ÒéË• �†ü~…°Þññ~û€

…ð~…²û ì}õ¶È ®°…– ÞõŸà|{± º~û …¶•. ²ü±…€ ‹† …Ö³…ü¼ ÒéË•

�†ü~…°Þññ~û|ø†ÿ �éýí±ÿ€ â±…ð±ôÿ Ö†² „‹þ …Ö³…ü¼ ü†Ö}ú ô {Ï~…¬ ®°…–

Þí}±ÿ ‹ú üà|¬üã± ìþ|Ÿ·Œñ~. ¬° ð}ýœú {Ï~…¬ ®°…– ‹³°å€ Þí}± º~û ô

ÚÇ± ì}õ¶È Þ†ø¼ ìþ|ü†‹~. øî Ÿñýò€ Öýéî �ý±…ìõó ÚÇ±û|ø† …² Â©†ì•

‹ý»}±ÿ ‹±̈õ°¬…° …¶• ô Þ»¼ ‹ýò ¶Ç¥þ Þí}± ìþ|ºõ¬. ¬° ð}ýœú

ðý†² ‹ú ‹±̈õ°¬ø†ÿ ‹ý»}±ÿ ‹±…ÿ …² ‹ýò °Ö}ò …üò Öýéî ô›õ¬ ¬…°¬. ‹†

{õ›ú ‹ú …üò Þú {Ï~…¬ ‹±̈õ°¬ø† ‹·}ãþ ‹ú ¬ô° øî|²ó ¬…°¬€ ‹† ÷†‹• ‹õ¬ó

{Ï~…¬ ¬ô°€ ‹·†ì~ ‹±̈õ°¬ø† ðý³ {Óýý±ÿ ðíþ|Þñ~. ‹ñ†‹±…üò ¬° {Ï~…¬

‹±̈õ°¬ø†ÿ üß·†ó€ ¬° ¤†è}þ Þú Öýéî �ý±…ìõó ÚÇ±û|ø† Â©†ì•

‹ý»}±ÿ ¬…°¬€ ¶±Î• Ÿ·Œñ~âþ Þí}± º~û ô ®°…– �éýí± ¤†¾ê ÚÇ±

ì}õ¶È Þí}±ÿ ¬…°ð~. ð}ýœú ‹†æ ‹±…ÿ �†ü~…° Þññ~û|ø†ÿ ìÏ~ðþ ðý³ Ú†‹ê
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