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Polymerization of styrene in presence of two monofunctional initiators is studied kinetically in an ampoule
scale. Polymerizations were ceased at different conversions for each ampoule while the temperature was
increased almost linearly during the reaction. Three different initiator mixtures were used. The first mixtures
were composed of benzoil peroxide (BPO) and t-butyl perbenzoate (TBPB) with various molar ratios and tem-
perature programs. The second and third series were performed on mixtures of BPO and α,α'-azobisisobutyro-
nitrile (AIBN) and AIBN with TBPB, respectively. The experimental results for these series revealed that
increasing the percentage of TBPB in the initiator mixtures at the same reaction temperature intervals enhanced
polymerization rate and molecular weight of the resulting polymers. On the other hand the results from the sec-
ond series indicated that reducing AIBN in the mixture would have reduction effect on the reaction temperature
intervals while both conversion and the polymer molecular weight are increased.
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„ì�õë|ø† ¬° ²ì†ó|ø†ÿ ì©}éØ ̈†°ž ô ‹±…ÿ {õÚØ �éýí±º~ó ‹ú ¬°ôó

ðý}±ôó́ ì†üÐ …ð}Û†ë ¬…¬û ìþ|º~. ì¥}õü†– „ì�õë|ø† ¬° {õèõò̂ ¤ê º~û

ô �éþ|…¶}ý±ó ¬° Â~¤çë ì}†ðõë )02 {† 52 ‹±…‹± ìÛ~…° ¤çë( °¶õŽ

¬…¬û ô ¬° â±ï|̈†ðú ̈çŠ ‹ú ì~– h42 ¬° ¬ì†ÿ Co04 ̈†èÀ|¶†²ÿ

…ðœ†ï º~. ì¥†¶Œú ìÛ~…° ¬°¾~ {Œ~üê …² {õ²üò �éýí± ‹ú ¬¶• „ì~û

ð·Œ• ‹ú ìõðõì± …ôèýú â³…°½ º~û …¶•.

ð}†ü� ô ‹¥™

¬° …üò �µôø¼€ „²ì†ü¼|ø† ¬° ¶ú ìœíõÎú …ðœ†ï ô ¶ýñ}ýà ô…Þñ¼ ¬°

ø± ìœíõÎú ‹† …ð~…²û|âý±ÿ ¬°¾~ {Œ~üê ìõðõì± ‹ú �éýí± ¬° ²ì†ó|ø†ÿ

ì©}éØ ‹±°¶þ º~. ¬° ø± ìœíõÎú „²ì†ü¼|ø† …² ì©éõÉ ¬ô „Ò†²â±

{à|Î†ìéþ ô ¬° ì¥~ô¬û ¬ì†üþ ̈†¾þ …¶}×†¬û º~û …¶•. ¬° …üò Þ†°€ …²

{±Þý� ¶ú „Ò†²â± BPBT€ OPB| ô NBIA| ‹ú ºßê ¬ô ‹ú ¬ô ‹† üà|¬üã±

…¶}×†¬û º~ Þú ¶±Î• {œ³üú ô ðýíú Îí± „ðù† ¬° ¬ì†ø†ÿ ì}×†ô–€ Þ†ìç_|

ì}í†ü³ ø·}ñ~.  |

›~ôë 1 ¬ì†ÿ æ²ï ‹±…ÿ 1 ô h01 …² ðýíú Îí± ¶ú „Ò†²â± °… ¬° ìõðõì±

…¶}ý±ó  ð»†ó ìþ|¬ø~ ]1[. ‹ú Æõ° ì˜†ë€ ðýíú Îí± OPB¬° �éýí±º~ó

…¶}ý±ó ¬° ¬ì†ÿ Co19 €  h|1  ô ¬° Co|17  ‹±…‹± h01 …¶•. ‹ñ†‹±…üò ‹† {õ›ú

‹ú …üò ›~ôë€ ¬° Ö±ìõë|‹ñ~ÿ Þú …² BPBT…¶}×†¬û ìþ|ºõ¬€ ‹ú Îé•

Þñ~‹õ¬ó ¶±Î• {œ³üú „ó ‹†ü~ ì¥~ô¬û â±ì†üþ ‹†æ{± °… ¬° ðË± ¬…º•

ô ¬° Ö±ìõë|‹ñ~ÿ Þú …² NBIA| …¶}×†¬û ìþ|ºõ¬€ ‹ú Îé• {ñ~‹õ¬ó

¶±Î• {œ³üú „ó ‹†ü~ ì¥~ô¬û â±ì†üþ �†üýò|{± °… ì~ ðË± Ú±…° ¬…¬.  |

ì©éõÉ ¬ô „Ò†²â± BBPPBBTT| ô OOPPBB|

¬° ìœíõÎú …ôë „²ì†ü¼|ø†€ �éýí±º~ó {õ¬û …¶}ý±ó ‹† …¶}×†¬û …² ¬ô

„Ò†²â± BPBTô OPB…ðœ†ï º~. ¬° …üò ìœíõÎú ¶ú Ö±ìõë|‹ñ~ÿ

ì}×†ô– …² {±Þý� ¬°¾~ ¬ô „Ò†²â± ‹±°¶þ º~. ¬° ø± ¤†è• ì¥~ô¬û

¬ì†üþ ̈†¾þ ‹± …¶†¹ {±Þý� ¬°¾~ ¬ô „Ò†²â± „°…ï ô ¶±üÐ …ð}©†Ž

º~. ›~ôë 2 º±…üÈ ô…Þñ¼ ¶ú Ö±ìõë|‹ñ~ÿ ô ›~ôë 3 ð}†ü� ¤†¾ê …²

›~ôë 1 -ðýíú Îí± ¶ú „Ò†²â± ìõ°¬ ìÇ†èÏú ¬° �éýí±º~ó {õ¬û …¶}ý±ó ]1[.

*)…èØ( ô )Ž( ¬ì†üþ Þú ðýíú Îí± 1  ô h 01 …¶•. 

)C
o

(
)Ž(

2/1t )C
o

(
)…èØ(

2/1t „Ò†²â±

46

17

501

28

19

521

NBIA

OPB

BPBT

›~ôë 2 -ìÛ†ü·ú º±…üÈ ì}×†ô– ìÇ†èÏú º~û ‹±…ÿ ì©éõÉ ¬ô „Ò†²â±

BPBT| ô OPB.|

¤†è• ¶õï ¤†è• ¬ôï ¤†è• …ôë �†°…ì}±ø†ÿ ô…Þñ¼

57500/0

4/93
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331-911
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‹±°¶þ ¶ýñ}ýà �éýí±º~ó °…¬üß†èþ …¶}ý±ó ‹† …¶}×†¬û …² ì©éõÉ ¬ô „Ò†²â± {à Î†ìéþÖ±ºý~ Âý†üþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¬ôï€ ºí†°û 2€ ̈ƒƒ±¬…¬ -{ƒƒýƒƒ± 8831 136

„ó °… ‹† üà|¬üã± ìÛ†ü·ú ìþ|Þñ~. ‹† …Ö³…ü¼ ¬°¾~ BPBT| ¬° ì¥éõë€ ‹ú

¬èýê ‹†æ{± ‹õ¬ó ¬ì†ÿ {œ³üú …üò „Ò†²â±€ ¬ì†ÿ ô…Þñ¼ {† Co331 …Ö³…ü¼

¬…¬û ìþ|ºõ¬. ‹† ‹†æ °Ö}ò ¬ì†ÿ ô…Þñ¼ ô …²¬ü†¬ ¬°¾~ BPBT€  ô…Þñ¼

¶±üÐ|{± …ðœ†ï º~û ô ²ì†ó Þõ{†û|{±ÿ °… ‹±…ÿ ¬°¾~ {Œ~üê ²ü†¬ ðý†² ¬…°¬.  

¶±Î• …Ö³…ü¼ {Œ~üê ìõðõì± ‹ú �éýí± ô ¬ì† ‹±¤·� ²ì†ó ‹±…ÿ ø±

¶ú ¤†è• ‹† {±Þý� ¬°¾~ ì}×†ô– ¬ô „Ò†²â± °… ìþ|{õ…ó ¬° ºßê 1

ì»†ø~û Þ±¬. øí†ó|Æõ° Þú ¬° …üò ºßê ¬ü~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ {±Þý�

¬°¾~ OPB¬° Ö±ìõë|‹ñ~ÿ€ ¶±Î• ¬°¾~ {Œ~üê ìõðõì± ‹ú �éýí±

…Ö³…ü¼ ìþ|ü†‹~. ‹† …¶}×†¬û …² ø± ¶ú Ö±ìõë|‹ñ~ÿ ìþ|{õ…ó ‹ú ¬°¾~ {Œ~üê

¤~ô¬ 59 ¬°¾~ ¬° ²ì†ó|ø†ÿ Þí}± …² h6 ¬¶• ü†Ö•. ‹† {õ›ú ‹ú

Ö±ìõë|‹ñ~ÿ ¤†è• ¬ôï ¬° ²ì†ó h5 ìþ|{õ…ó ‹ý»}±üò ì}õ¶È ô²ó

ìõèßõèþ °… ‹ú ¬¶• „ô°¬. ‹† …Ö³…ü¼ ÒéË• „Ò†²â±ø† ô ì¥~ô¬û ¬ì†üþ

…Îí†ë º~û ¬° Ö±ìõë|‹ñ~ÿ ¶õï€ ¶±Î• {Œ~üê ‹ú Æõ° Ÿ»î|âý±ÿ

…Ö³…ü¼ ü†Ö}ú ô ‹ú Îé• ø·}ú|â̄…°ÿ ô …üœ†¬ °…¬üß†ë|ø†ÿ ‹ý»}±€

ô²ó|ø†ÿ ìõèßõèþ ð·Œ• ‹ú Ö±ìõë|‹ñ~ÿ ¬ôï Þ†ø¼ ìþ|ü†‹~.  |

¬° ¤†è• ¶õï€ â±Ÿú ð·Œ• ‹ú ¤†è• …ôë ÒéË• „Ò†²â± Þí}± …¶•€

…ì† Ÿõó �éýí±º~ó …² ¬ì†ÿ Co911 º±ôÑ º~û …¶•€ „Ò†²â± OPB| ‹ú

¶±Î• {œ³üú º~û ô ‹† …Ö³…ü¼ ¬ì† „Ò†²â± BPBT| ðý³ ô…°¬ Îíê

ìþ|ºõ¬. ‹ñ†‹±…üò€ ¶±Î• {Œ~üê ¬° ¤†è• ¶õï ‹ú ì±…{� ‹ý»}± ìþ|ºõ¬.

ðß}ú Ú†‹ê {†‡ìê ¬üã±€ °ôð~ ô²ó ìõèßõèþ …¶•. ‹~üò {±{ý� Þú ¬°

¬°¾~ {Œ~üê …ôèýú ‹±…ÿ ¤†è• …ôë ð·Œ• ‹ú ¤†è• ¶õï€ ìÛ~…° ô²ó

ìõèßõèþ ‹ý»}± …¶•€ ôèþ ‹† …Ö³…ü¼ ìÛ~…° {Œ~üê€ ô²ó ìõèßõèþ ¤†è•

¶õï ‹ý»}± ìþ|ºõ¬. ¬° ¤ÛýÛ• Ÿõó º±ôÑ ô…Þñ¼ ¬° ¤†è• ¶õï ¬°

¬ì†ÿ ‹†æ{± …ðœ†ï º~û …¶•€ ‹ñ†‹±…üò ìÛ~…° {œ³üú ô ÒéË• °…¬üß†ë|ø†

‹ý»}± ‹õ¬û ô ìñœ± ‹ú Þî º~ó ô²ó ìõèßõèþ ìþ|ºõ¬. …ì† ‹† ‹ý»}± º~ó

ìÛ~…° {Œ~üê ô ¬ì†ÿ ô…Þñ¼€ „Ò†²â± OPB| {Û±üŒ†_ ì¿±Ù º~û ô „Ò†²â±

BPBT‹† Þñ~ÿ ‹ý»}±ÿ {œ³üú ìþ|ºõ¬. øíýò …ì± ¶Œ� Þî º~ó

ÒéË• °…¬üß†ë|ø† ô ìÛ~…° …̈}}†ï ìþ|ºõ¬.   |

ì©éõÉ ¬ô „Ò†²â± NNBBIIAA| ô OOPPBB|

¬° …üò ìœíõÎú ¬ô Ö±ìõë|‹ñ~ÿ ì}×†ô– …² ¬ô „Ò†²â± NBIA| ô OPB|

‹±°¶þ º~û …¶•. ›~ôë 4 º±…üÈ ô…Þñ¼ ¬ô Ö±ìõë|‹ñ~ÿ ô ›~ôë 5

ð}†ü� ¤†¾ê …² „ó °… ‹† üà|¬üã± ìÛ†ü·ú ìþ|Þñ~. ¬° ¤†è• …ôë ø± ¬ô

„Ò†²â± ìþ|{õ…ðñ~ ‹ú „°…ìþ ¬° ¬ì†ÿ �†üýò {œ³üú º~û ô ‹ú ºßê °…¬üß†ë

ÖÏ†ë ‹†Î™ ô…Þñ¼ °º~ ºõð~. ¬° ¬ì†ø†ÿ �†üýò|{± ¶ùî {œ³üú „Ò†²â±

›~ôë 3 -ð}†ü� ¤†¾ê ‹±…ÿ ì©éõÉ ¬ô „Ò†²â± BPBT| ô OPB.|

Ö±ìõë|‹ñ~ÿ
�†°…ì}±
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69

081

92/2

13/2

27

521

22/2

82/2

84

58

87/1

32/2
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51/1

03/2
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003

79/2

47/1

96

542

04/2

97/1

05
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28/1
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86/1

15/2
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ºßê 1 -ðíõ¬…° ¬°¾~ {Œ~üê ‹±¤·� ²ì†ó ‹±…ÿ ì©éõÉ ¬ô „Ò†²â±

BPBT |ô OPB€ |ðÛ†É â··}ú: )( ¤†è• …ôë€ )( ¤†è• ¬ôï€ )(

|¤†è• ¶õï ô ‹±ð†ìú ¬ì†üþ€ ðÛ†É �ýõ¶}ú: )…èØ( ¤†è• …ôë€ )Ž( ¤†è•

¬ôï ô )ž( ¤†è• ¶õï.|

›~ôë 4 -ìÛ†ü·ú º±…üÈ ì}×†ô– ìÇ†èÏú º~û ‹±…ÿ ì©éõÉ ¬ô „Ò†²â±

NBIA| ô OPB.|
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NBIA| ‹ý»}± ̈õ¬ðí†üþ Þ±¬û ô ø± Ÿú ¬ì†ÿ ô…Þñ¼ ‹†æ{± °ô¬€ ¶ùî

„Ò†²â± OPB| ‹ý»}± ìþ|ºõ¬. ¬° ¤†è• …ôë ¬°¾~ {Œ~üê ìõðõì± �̧ …²

h 6 {Û±üŒ†_ Þ†ìê º~û ô �éýí± ¤†¾ê ô²ó ìõèßõèþ ‹ý»}±ÿ ¬…°¬. ¬°

¤†èþ Þú ¬° ¤†è• ¬ôï ‹† …Ö³…ü¼ ìÛ~…° NBIA| ô …Ö³…ü¼ ¬ì† ø± ¬ô

„Ò†²â± ‹ú ¶±Î• {œ³üú º~û ô …Ö³…ü¼ ð†âù†ðþ °…¬üß†ë|ø†ÿ „²…¬ ‹†Î™

{±Þý� ìœ~¬ °…¬üß†ë|ø† º~û ô ¬° ð}ýœú ¬°¾~ {Œ~üê ìõðõì± ô ô²ó

ìõèßõèþ �éýí± ¤†¾ê Þ†ø¼ ìþ|ü†‹~. ‹ú Æõ°ÿ Þú ðíõðú �éýí±ÿ �̧

…² h5 ‹ú ºßê ì†üÐ â±…ð±ô ‹†Úþ ìþ|ì†ð~. ¶±Î• …Ö³…ü¼ {Œ~üê ìõðõì±

ô ¬ì† ‹± ¤·� ²ì†ó ‹±…ÿ ø± ¬ô ¤†è• ¬° ºßê 2 ð»†ó ¬…¬û º~û …¶•.

¬° ìñ†‹Ð ð}†üœþ ‹±…ÿ �éýí±º~ó {õ¬û …¶}ý±ó ‹† ¬ô „Ò†²â± NBIA| ô

OPB| â³…°½ ð»~û ô ð}†ü� ‹ú ¬¶• „ì~û ìÏý†°ÿ ‹±…ÿ Þ†°…üþ …üò ¬ô

„Ò†²â± ‹† ìõðõì± …¶}ý±ó …¶•.

ºßê 2 {Óýý±…– ¬°¾~ {Œ~üê ‹† ²ì†ó ‹±…ÿ ì¥~ô¬û ¬ì†üþ 57 {†  Co011

‹† ¬°¾~ ‹ý»}± „Ò†²â± OPB| ô ‹±…ÿ ì¥~ô¬û ¬ì†üþ 59 {† Co031 ‹† ¬°¾~

Þí}± OPB| °… ð»†ó ìþ|¬ø~. øí†ó|Æõ° Þú ì»©À …¶•€ ‹† ‹ý»}±º~ó

¬°¾~ „Ò†²â± OPB| ìÛ~…° {Œ~üê Þ†ìê|{± º~û ô ¬° ì¥~ô¬û �†üýò|{±

¬ì†üþ ¬°¾~ {Œ~üê Þ†ìê ìþ|ºõ¬. ¬° ¤ÛýÛ• ‹† {õ›ú ‹ú ðýíú Îí± Þõ{†û

ø± ¬ô „Ò†²â± ¬° ì¥~ô¬û ¬ì†üþ ‹ý¼ …²C
o001 ‹ú ðË± ìþ|°¶~€ ¬° …üò

º±…üÈ �éýí±º~ó ìþ|{õ…ð~ ì}†÷± …² º±ôÑ â±ì†üþ …¶}ý±ó ‹†º~ ]62[.

›~ôë 1 ðý³ ð»†ó ìþ|¬ø~ ø± ¬ô „Ò†²â± ðýíú Îí± Þí}± …² h1 ¬° ¬ì†ÿ

C
o09 ¬…°¬. ‹ñ†‹±…üò€ ¬° øí†ó …‹}~…ÿ ô…Þñ¼ ø± ¬ô „Ò†²â± ì¿±Ù º~û

ô ºý� {Œ~üê ðý³ Þ†ø¼ ìþ|ü†‹~ ô ìÛ~…° ‹†²¬û „Ò†²â± ¬° …üò ì¥~ô¬û

¬ì†üþ ‹±…ÿ ì©éõÉ ð³¬üà ¾×± …¶•. ¬èýê …üò …¬Î† {Œ~üê Þí}± …² 07

¬°¾~ �̧ …² ²ì†ó h5  º±ôÑ ô…Þñ¼ …¶• Þú ‹ý»}± ºŒýú ð}†ü� â³…°½

º~û ‹±…ÿ �éýí±º~ó|ø†ÿ ‹† º±ôÑ â±ì†üþ …¶•. ‹ú Òý± …² „ó ¬° ¬ì†ø†ÿ

Þí}± …² Co09€ ¬°¾~ {Œ~üê ºý� ‹ý»}±ÿ ð·Œ• ‹ú º±ôÑ â±ì†üþ ð»†ó

ìþ|¬ø~ Þú ¬° …÷± {œ³üú ¬ô „Ò†²â± NBIA| ô OPB| …¶•.

|

ì©éõÉ ¬ô „Ò†²â± NNBBIIAA| ô BBPPBBTT|

¬° …üò ìœíõÎú ðý³ ¬ô ¤†è• ì}×†ô– …² {±Þý� ¬°¾~ ¬ô „Ò†²â± NBIA|

ô BPBT| ì»†‹ú ì©éõÉ ¬ô „Ò†²â± NBIA| ô OPB| ‹±°¶þ º~û …¶•.

›~ôë 6 º±…üÈ ô…Þñ¼ ¬ô Ö±ìõë|‹ñ~ÿ ô ¬° ›~ôë 7 ð}†ü� ¤†¾ê …² „ó

‹† üà|¬üã± ìÛ†ü·ú º~û …¶•. ¬° ¤†è• …ôë ‹ú Îé• �†üýò|‹õ¬ó ¬ì†€

BPBT| Þí}± {œ³üú ìþ|ºõ¬. ‹ñ†‹±…üò€ ¶±Î• ô…Þñ¼ Þí}± ‹õ¬û ô ì}†÷±

…² „Ò†²â± ¬üã± …¶• ô ²ì†ó ‹ý»}±ÿ ‹±…ÿ Þ†ìê º~ó ô…Þñ¼ ðý†² ¬…°¬.

¬° ¤†è• ¬ôï ‹† …Ö³…ü¼ ¬ì†ÿ ô…Þñ¼€ ø± ¬ô „Ò†²â± ‹ú Æõ° Þ†ìê

ì¿±Ù º~û ô ¶±Î• ô…Þñ¼ …Ö³…ü¼ ìþ|ü†‹~. ºßê 3 ¶±Î• {Œ~üê

ìõðõì± ô ì¥~ô¬û ¬ì†üþ …Îí†ë º~û °… ‹± ¤·� ²ì†ó ð»†ó ìþ|¬ø~. ¬°

ø± ¬ô ¤†è• ìþ|{õ…ó ìç¤Ëú Þ±¬ Þú {±Þý� ¬ô „Ò†²â± NBIA| ô

BPBT| {±Þý� ìñ†¶Œþ ‹±…ÿ ¬¶•|ü†‹þ ‹ú {Œ~üê Þ†ìê ¬° ²ì†ó|ø†ÿ

…Îí†ë º~û …¶•. …èŒ}ú …{©†® ¬ì†ÿ ‹†æ{±€ ²ì†ó °¶ý~ó ‹ú {Œ~üê ðù†üþ °…

¶±Î• ‹©»ý~û …¶•. øî|Ÿñýò€ ÆŒÜ ‹±°¶þ|ø†ÿ …ðœ†ï º~û °ôÿ ô²ó

ìõèßõèþ ðíõðú|ø†€ ¬° ø± ¬ô ¤†è• ð»†ó ìþ|¬ø~ Þú ‹† …Ö³…ü¼ „Ò†²â±

Þñ~ ô ì¥~ô¬û ¬ì†üþ ‹†æ{±€ ô²ó ìõèßõèþ …Ö³…ü¼ ìþ|ü†‹~. ìÛ†ü·ú

›~ôë 7 ‹† ›~ôë|ø†ÿ 3 ô 5  ðý³ ð»†ó ìþ|¬ø~ Þú Ö±ìõë|‹ñ~ÿ …°…̂ú º~û

›~ôë 5 -ð}†ü� ¤†¾ê ‹±…ÿ ì©éõÉ ¬ô „Ò†²â±  NBIA| ô OPB.|

Ö±ìõë|‹ñ~ÿ
�†°…ì}±

¤†è• ¬ôï ¤†è• …ôë

46

003

52/1

50/2

23

021

02/1

61/2

7/99

063

01/2

89/1

09
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57/1

67/1
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ºßê 2 -ðíõ¬…° ¬°¾~ {Œ~üê ‹±¤·� ²ì†ó ‹±…ÿ ì©éõÉ ¬ô „Ò†²â±
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