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²íòåíñèô³êàö³ÿ ïðîöåñó îë³ãîìåðèçàö³¿ ³çîïðåíó ï³ä ä³ºþ
ïåðîêñèäó âîäíþ. Âèêîðèñòàííÿ ñóì³øåé ðîç÷èííèê³â ³
çàì³íà ñïèðò³â ÿê ðîç÷èííèê³â
Â.Ï. Áîéêî, Â.Ê. Ãðèùåíêî, Â.Ï. Âàëîâèé

²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ ê³íåòèêè îë³ãîìåðèçàö³¿ ³çîïðåíó ï³ä ä³ºþ ïåðîêñèäó âîäíþ
â ñóì³øàõ ðîç÷èííèê³â ³ â ðîç÷èííèêàõ – â³äõîäàõ âèðîáíèöòâà åòèëîâîãî ñïèðòó. Â óñ³õ âèïàäêàõ
âñòàíîâëåíî ïðèñêîðåííÿ îë³ãîìåðèçàö³¿. Îáãîâîðåíî ìîæëèâ³ ìåõàí³çìè ³í³ö³þâàííÿ, ÿê³
ïðèâîäÿòü äî ïðèñêîðåííÿ ïðîöåñó.

Êëþ÷îâ³ ñëîâà: ³çîïðåí, ïåðîêñèä âîäíþ, îë³ãîìåðèçàö³ÿ, ðîç÷èííèêè, àêòèâàòîðè.

Âñòóï.
Ïîë³ìåðèçàö³ÿ ä³ºí³â ç ìåòîþ îòðèìàííÿ íèçüêî-

ìîëåêóëÿðíèõ ð³äêèõ êàó÷óê³â ç ê³íöåâèìè ã³äðîêñèëü-
íèìè ãðóïàìè çâè÷àéíî ïðîâîäèòüñÿ ï³ä ä³ºþ ïåðîê-
ñèäó âîäíþ (ÏÂ) ó ðîç÷èíàõ íèæ÷èõ àë³ôàòè÷íèõ ñïèðò³â
[1], íàé÷àñò³øå ³çîïðîï³ëîâîãî ñïèðòó (²ÏÑ). Íåçâàæà-
þ÷è íà òå, ùî ïðîìèñëîâ³ óñòàíîâêè ïðàöþþòü ó
ê³ëüêîõ êðà¿íàõ ñâ³òó, õ³ì³÷í³ îñíîâè ïðîöåñó çàëèøà-
þòüñÿ íåäîñòàòíüî âèâ÷åíèìè. Öå ñòîñóºòüñÿ ³ òåõíî-
ëîã³÷íèõ îñíîâ ïðîöåñó, à ñàìå îïòèìàëüíîãî ðåæèìó
ïîë³ìåðèçàö³¿ òà ñêëàäó ïîë³ìåðèçàö³éíî¿ ñèñòåìè. Ðà-
í³øå íàìè îïèñàíî çá³ëüøåííÿ âèõîäó îë³ãîìåðó ³ ïðè-
ñêîðåííÿ ïðîöåñó ïîë³ìåðèçàö³¿ ³çîïðåíó çà íàÿâíîñò³
õëîðàëþ òà õëîðâì³ñíèõ ñïèðò³â [2] ³ ñóì³øåé ³í³ö³à-
òîð³â [3]. Ó ö³é ðîáîò³ ìè ïîêàçàëè, ùî ö³ æ ö³ë³ ìîæóòü

áóòè äîñÿãíóò³ çà ðàõóíîê âèêîðèñòàííÿ çì³øàíèõ ðîç-
÷èííèê³â àáî çàì³íè ñïèðò³â ³íøèìè ðîç÷èííèêàìè.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ï³äãîòîâêà ðåàãåíò³â ³ óìîâè ïðîâåäåííÿ ïîë³ìå-
ðèçàö³¿ äåòàëüíî îïèñàí³ â [4]. ßê ðîç÷èííèêè çàì³ñòü
ñïèðò³â ó ðîáîò³ âèêîðèñòàí³ â³äõîäè âèðîáíèöòâà åòè-
ëîâîãî ñïèðòó – åô³ðî-àëüäåã³äíà àáî ãîëîâíà ôðàêö³ÿ
(ÅÀÔ) ³ ñèâóøíå ìàñëî (ÑÌ).

Ôðàêö³ÿ åô³ðî-àëüäåã³äíà (ãîëîâíà) åòèëîâîãî ñïèð-
òó [5] – âîäíî-ñïèðòîâà ð³äèíà, º ïîá³÷íèì ïðîäóêòîì
âèðîáíèöòâà åòèëîâîãî ñïèðòó ç âèõîäîì 2–6 % â³ä
óìîâíîãî ñïèðòó-ñèðöþ. Îá’ºìíà ÷àñòêà åòèëîâîãî
ñïèðòó íå ìåíøå 92 %, ì³ñòèòü äîì³øêè íå á³ëüøå: àëü-
äåã³ä³â (35,0), åñòåð³â ó ïåðåðàõóíêó íà îöòîâîåòèëîâèé
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Ðèñ. 1. Ïîë³ìåðèçàö³ÿ ³çîïðåíó â ñóì³øàõ àöåòîíó òà ²ÏÑ:  (à) çàëåæí³ñòü êîíâåðñ³ÿ – ÷àñ. Îá’ºìíà ÷àñòêà
àöåòîíó â ñóì³ø³ ðîç÷èííèê³â: 0 (1); 10 (2); 25 (3); 50 (4) òà 100 (5). (á) â³äíîñíà êîíâåðñ³ÿ â ñóì³øàõ ²ÏÑ–àöåòîí:
1 – åêñïåðèìåíòàëüíà êðèâà; 2 – ë³í³ÿ àäèòèâíîñò³. Êîíöåíòðàö³ÿ ³çîïðåíó – 4,00; ÏÂ – 1,68 ìîëü/ë
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(60,0), êèñëîò ó ïåðåðàõóíêó íà îöòîâó (2,0), ñèâóøíî-
ãî ìàñëà (2,5 ã/ë).

Ñèâóøíå ìàñëî [5] – ïîá³÷íèé ïðîäóêò ñïèðòîâî-
ãî áðîä³ííÿ, ì³ñòèòüñÿ ÿê äîì³øêà â íåðåêòèô³êîâàíî-
ìó åòèëîâîìó ñïèðò³ (ñïèðò³-ñèðöþ), ÿêèé îòðèìóºòü-
ñÿ áðîä³ííÿì ³ âèä³ëÿºòüñÿ ç íüîãî â ïðîöåñ³ ðåêòèô³-
êàö³¿ â ê³ëüêîñò³ 0,3–0,4 %. Ãóñòèíà 0,83–0,84 ã/ñì3 (çà
Ò = 20 °C). Ãîëîâíà ñêëàäîâà ÷àñòèíà – îäíîàòîìí³ íà-
ñè÷åí³ ñïèðòè C3–C9: åòèëîâèé (5–12), í-ïðîï³ëîâèé
(7–15), ³çîáóòèëîâèé (10–20), ³çîàì³ëîâèé (50–60), âîäà
(5–10 % îá.), ó íåçíà÷íèõ ê³ëüêîñòÿõ âèù³ ñïèðòè, à òà-
êîæ àë³ôàòè÷í³ àëüäåã³äè, æèðí³ êèñëîòè ³ ôóðôóðîë.

Áåíçîéíó êèñëîòó (ÃÎÑÒ 6413-77) âèêîðèñòîâóâà-
ëè ó âèãëÿä³ ïîðîøêó.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ïîë³ìåðèçàö³ÿ â ñóì³øàõ ³çîïðîï³ëîâîãî ñïèðòó ç
êåòîíàìè.

Àöåòîí. Ê³íåòè÷í³ êðèâ³ ïîë³ìåðèçàö³¿ ³çîïðåíó â
ñóì³øàõ ²ÏÑ ³ àöåòîíó íàâåäåí³ íà ðèñ. 1.

Ç ê³íåòè÷íèõ äàíèõ âèïëèâàº, ùî àöåòîí ÿê ðîç÷èí-
íèê äåùî ìåíø àêòèâíèé, í³æ ²ÏÑ. Ïîë³ìåðèçàö³ÿ â
ñóì³øàõ àöåòîí–²ÏÑ âèÿâèëà (ðèñ. 1), ùî íà â³äì³íó â³ä
ñóì³øåé ñïèðò³â, äå ñèíåðã³çì âèõîäó îë³ãîìåðó âèðà-
æåíèé ïîì³ðíî, â ñóì³øàõ ²ÏÑ – àöåòîí öÿ çàëåæí³ñòü
ìàº á³ëüø âèðàæåíèé õàðàêòåð. Ïåðåâèùåííÿ âèõîäó
íàä àäèòèâíèì çíà÷åííÿì â òî÷ö³ ìàêñèìóìó, ùî

â³äïîâ³äàº ïðèáëèçíî 40 % îá. àöåòîíó â çì³øàíîìó
ðîç÷èííèêó, ñòàíîâèòü áëèçüêî 10 %, à â ïîð³âíÿíí³ ç
÷èñòèì àöåòîíîì – 15 %. Öåé åôåêò ñë³ä ââàæàòè ³ñòîò-
íèì, âðàõîâóþ÷è ïðîñòîòó çàñòîñîâàíîãî ñïîñîáó.

Öèêëîãåêñàíîí. Â³äïîâ³äí³ äàí³ äëÿ öèêëîãåêñàíî-
íà íàâåäåí³ íà ðèñ. 2.

Ê³íåòè÷í³ õàðàêòåðèñòèêè ïîë³ìåðèçàö³¿ ³çîïðåíó â
ñóì³ø³ ²ÏÑ ³ öèêëîãåêñàíîíó íàâåäåí³ â òàáëèö³.

Ó ñóì³øàõ ²ÏÑ – öèêëîãåêñàíîí òàêîæ ñïîñòåð³-
ãàºòüñÿ ÿâíî âèðàæåíèé ñèíåðã³çì âèõîäó: â òî÷ö³ ìàê-
ñèìóìó çà âì³ñòó 80 % îá. öèêëîãåêñàíîíó âèõ³ä çðîñ-
òàº ìàéæå íà 27 % ó ïîð³âíÿíí³ ç ÷èñòèì ²ÏÑ. Ïî÷àòêî-
âà øâèäê³ñòü òàêîæ çðîñòàº ìàéæå ó 2 ðàçè.

Âèêîðèñòàííÿ â³äõîä³â âèðîáíèöòâà åòèëîâîãî
ñïèðòó.

Åòèëîâèé ñïèðò âèêîðèñòîâóºòüñÿ ÿê ðîç÷èííèê äëÿ
ïîë³ìåðèçàö³¿ ä³ºí³â ï³ä ä³ºþ ÏÂ. Ïðè âèðîáíèöòâ³ åòè-
ëîâîãî ñïèðòó óòâîðþþòüñÿ äâ³ çíà÷í³ ôðàêö³¿ â³äõîä³â
– åô³ðî-àëüäåã³äíà àáî ãîëîâíà ôðàêö³ÿ (ÅÀÔ) ³ ñèâóø-
íå ìàñëî (ÑÌ).

Íàø³ äîñë³äæåííÿ ïîêàçàëè, ùî ö³ â³äõîäè ñïèðòî-
âîãî âèðîáíèöòâà – á³ëüø åôåêòèâí³ ðîç÷èííèêè â ïðî-
öåñ³ ïîë³ìåðèçàö³¿ ä³ºí³â, í³æ ÷èñòèé åòèëîâèé ñïèðò
àáî ²ÏÑ.

Ïîë³ìåðèçàö³ÿ â ãîëîâí³é (åô³ðî-àëüäåã³äí³é)
ôðàêö³¿ (ÅÀÔ)[6]. Ïîë³ìåðèçàö³ÿ ³çîïðåíó â ÅÀÔ ³ ¿¿
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Ðèñ. 2. Ïîë³ìåðèçàö³ÿ ³çîïðåíó â ñóì³øàõ öèêëîãåêñàíîíó òà ²ÏÑ: (à) çàëåæí³ñòü êîíâåðñ³ÿ – ÷àñ. Îá’ºìíà

÷àñòêà öèêëîãåêñàíîíó â ñóì³ø³ ðîç÷èííèê³â: 0 (1); 0,125 (2); 0,25 (3); 0,50 (4) òà 1,00 (5). (á) â³äíîñíà êîíâåðñ³ÿ â
ñóì³øàõ ²ÏÑ–öèêëîãåêñàíîí: 1 – åêñïåðèìåíòàëüíà êðèâà; 2 – ë³í³ÿ àäèòèâíîñò³.  Êîíöåíòðàö³ÿ ³çîïðåíó – 4,00;
ÏÂ – 1,68 ìîëü/ë

Îá'ºìíà ÷àñòêà öèêëîãåêñàíîíó Êîíâåðñ³ÿ çà 10 ãîä. Ïî÷àòêîâà øâèäê³ñòü (V0·105), 
ë·ìîëü-1·ñ-1 

0 0,430 8,89 
0,125 0,495 13,80 
0,250 0,508 14,70 
0,454 0,545 16,70 
1,000 0,533 20,10 

Òàáëèöÿ. Ïîë³ìåðèçàö³ÿ ³çîïðåíó â ñóì³ø³ ²ÏÑ ³ öèêëîãåêñàíîíó
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ñóì³øàõ ç ²ÏÑ ïîêàçàíà íà ðèñ. 3.
Ç ðèñóíêà âèäíî, ùî øâèäê³ñòü ïîë³ìåðèçàö³¿ â ñó-

ì³øàõ ²ÏÑ ³ ÅÀÔ çíà÷íî çðîñòàº çà ð³âíîãî âì³ñòó îáîõ
êîìïîíåíò³â ðîç÷èííèêà, ÷åðåç 6 ãîä. âèõ³ä ó çì³øàíî-
ìó ðîç÷èííèêó çðîñòàº âäâ³÷³. Öå äàº çìîãó çíà÷íî
ï³äâèùèòè ïðîäóêòèâí³ñòü àáî ³ñòîòíî ñêîðîòèòè ÷àñ
ïîë³ìåðèçàö³¿.

Ïîë³ìåðèçàö³ÿ â ñèâóøíîìó ìàñë³ [7]. Ïîë³ìåðèçà-
ö³èÿ ³çîïðåíó â ñèâóøíîìó ìàñë³ òà éîãî ñóì³øàõ ç
²ÏÑ ïîêàçàíà íà ðèñ. 4, ç ÿêîãî âèäíî, ùî øâèäê³ñòü
ïîë³ìåðèçàö³¿ â çì³øàíîìó ðîç÷èííèêó ²ÏÑ–ñèâóøíå
ìàñëî çíà÷íî çðîñòàº ó ïîð³âíÿíí³ ç ÷èñòèì ²ÏÑ. Âèõ³ä
ó çì³øàíîìó ðîç÷èííèêó (êðèâà 3) ÷åðåç 10 ãîä. íà
24 % âèùèé, í³æ ó ÷èñòîìó ²ÏÑ, à â ñàìîìó ñèâóøíî-
ìó ìàñë³ ñòàíîâèòü 147 % ó ïîð³âíÿíí³ ç ÷èñòèì ²ÏÑ.

Áåíçîéíà êèñëîòà âèêîðèñòàíà ÿê àêòèâàòîð ïðî-
öåñó ãåíåðóâàííÿ â³ëüíèõ ðàäèêàë³â. Ïîë³ìåðèçàö³ÿ ³çî-
ïðåíó ç äîáàâêîþ áåíçîéíî¿ êèñëîòè â ²ÏÑ ïîêàçàíà íà
ðèñ. 5. Ç ðèñóíêà âèäíî, ùî äîáàâêà âæå 0,003 ìîëÿ
áåíçîéíî¿ êèñëîòè íà ìîëü ÏÂ çá³ëüøóº âèõ³ä îë³ãîìå-
ðó íà 22 % ìàñ. Ïðè÷èíà òàêî¿ âèñîêî¿ åôåêòèâíîñò³
äîáàâêè áåíçîéíî¿ êèñëîòè â ë³òåðàòóð³ íå îïèñàíà.

Âèñîêà çäàòí³ñòü ÏÂ äî óòâîðåííÿ âîäíåâèõ çâ’ÿçê³â
ÿê ç àêöåïòîðàìè, òàê ³ ç äîíîðàìè åëåêòðîí³â äàº çìî-
ãó âèêîðèñòîâóâàòè øèðîêèé ðÿä ðå÷îâèí äëÿ ¿¿ àêòè-
âàö³¿ ÿê ³í³ö³àòîð ðàäèêàëüíî¿ ïîë³ìåðèçàö³¿. Â ðîáîò³
âèêîðèñòàí³ òðè ñïîñîáè ³íòåíñèô³êàö³¿ ïðîöåñó ïîë³-
ìåðèçàö³¿: ñóì³øàìè ðîç÷èííèê³â, ïðèðîäîþ ðîç÷èí-
íèêà, âèêîðèñòàííÿì àêòèâàòîðà ãåíåðóâàííÿ ³í³ö³þ-
âàëüíèõ ðàäèêàë³â.

Âèá³ð ðîç÷èííèêà º ïðîñòèì ³ åôåêòèâíèì ïðèéî-
ìîì çá³ëüøåííÿ âèõîäó îë³ãîä³ºí³â. Ðàí³øå [8] áóëî
ïîêàçàíî, ùî äåÿê³ ðîç÷èííèêè (áåíçèëîâèé, öèêëîãåê-
ñèëîâèé, àë³ëîâèé ñïèðòè ³ öèêëîãåêñàíîí) ïðèâîäÿòü

äî á³ëüø âèñîêèõ âèõîä³â îë³ãîìåð³â, í³æ âèêîðèñòàííÿ
íàéá³ëüø åôåêòèâíîãî ç àë³ôàòè÷íèõ í-áóòèëîâîãî
ñïèðòó. Çà ðÿäîì ô³çèêî-õ³ì³÷íèõ ïîêàçíèê³â (âèñîêà
òåìïåðàòóðà êèï³ííÿ, çì³íà ôóíêö³îíàëüíîñò³ çà ã³äðîê-
ñèëüíèìè ãðóïàìè, íàÿâí³ñòü çíà÷íî¿ ê³ëüêîñò³ ³íøèõ
ãðóï) âîíè òåõíîëîã³÷íî íåçðó÷í³, ùî íå âèêëþ÷àº ¿õ
âèêîðèñòàííÿ ïðè â³äïîâ³äíîìó îïðàöþâàíí³ òåõíî-
ëîã³¿. Àëå çðó÷í³øèìè âèÿâèëèñÿ ³íø³ ñïîñîáè âèêî-
ðèñòàííÿ ðîç÷èííèêà.

Ïðîñòèé ìåòîä ³íòåíñèô³êàö³¿ ïîë³ìåðèçàö³¿ ä³ºí³â
ï³ä ä³ºþ ÏÂ – âèêîðèñòàííÿ ñóì³øåé ðîç÷èííèê³â. Òàê,
ñóì³ø ²ÏÑ ç àöåòîíîì äàº ÷³òêî âèðàæåíèé ñèíåðã³çì
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Ðèñ. 3. Ïîë³ìåðèçàö³ÿ â åô³ðî-àëüäåã³äí³é ôðàêö³¿ òà
¿¿ ñóì³øàõ ç ²ÏÑ. Êîíöåíòðàö³ÿ ³çîïðåíó – 4,16; ÏÂ –
0,70 ìîëü/ë. Îá’ºìíà ÷àñòêà ÅÀÔ ó ñóì³ø³ ðîç÷èííèê³â:
0 (1); 0,246 (2); 0,500 (3); 0,754 (4) òà 1,000 (5)
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Ðèñ. 4. Ïîë³ìåðèçàö³ÿ â ñèâóøíîìó ìàñë³ òà éîãî
ñóì³øàõ ç ²ÏÑ. Êîíöåíòðàö³ÿ ³çîïðåíó – 4,16 ; ÏÂ –
0,70 ìîëü/ë. Îá’ºìíà ÷àñòêà ñèâóøíîãî ìàñëà â ñóì³ø³
ðîç÷èííèê³â: 0 (1); 0,239 (2); 0,513 (3); 0,756 (4) òà 1,000 (5)
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Ðèñ. 5. Ïîë³ìåðèçàö³ÿ ³çîïðåíó ç äîáàâêîþ áåíçîéíî¿
êèñëîòè â ²ÏÑ. Êîíöåíòðàö³ÿ: ³çîïðåíó – 4,16; ÏÂ –
1,00 ìîëü/ë. Äîáàâêà áåíçîéíî¿ êèñëîòè: 0 – 1; 20
(1,638·10-4) – 2; 41 (3,357·10-4) – 3; 115 (9,417·10-4)
ìã(ìîëü/ìîëü ÏÂ) – 4
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ïî âèõîäó ç ìàêñèìóìîì çà îá’ºìíîãî ñï³ââ³äíîøåí-
íÿ ²ÏÑ:àöåòîí, ð³âíîãî 60:40. Â³äîìî [9], ùî àöåòîí óò-
âîðþº ç ÏÂ ã³äðîêñèã³äðîïåðîêñèä àöåòîíó:

     ÎÍ

(ÑH3)2C=O + H2O2 → (ÑH3)2C — OOH,
ÿêèé äàë³ ðîçêëàäàºòüñÿ ïî ïåðîêñèäíîìó çâ’ÿçêó ç óò-
âîðåííÿì îêñèëüíîãî ³ ã³äðîêñèëüíîãî ðàäèêàë³â:
                         ÎÍ                             ÎÍ

(ÑH3)2C — OOH → (ÑH3)2C —O· + ·OH.
Ã³äðîêñèëüíèé ðàäèêàë ³í³ö³þº ïîë³ìåðèçàö³þ, à

îêñèëüíèé ðàäèêàë àòàêóº íàéñëàáøèé çâ’ÿçîê ó ñèñ-
òåì³ – ïåðîêñèäíó ãðóïó â ÏÂ. Òàêèì ÷èíîì â³äáó-
âàºòüñÿ àêòèâàö³ÿ ÏÂ ³ ïðèñêîðþºòüñÿ ïîë³ìåðèçàö³ÿ.
Âò³ì, ìîæëèâ³ é ³íø³ øëÿõè ïðèñêîðåííÿ ïîë³ìåðèçàö³¿,
âðàõîâóþ÷è ñêëàäíèé ìåõàí³çì âçàºìîä³¿ àöåòîíó ç ÏÂ
[10], íàïðèêëàä, éìîâ³ðí³ñòü á³ëüø ñïðèÿòëèâî¿ îð³ºí-
òàö³¿ ïîëÿðíèõ ãðóï.

Åôåêò ïðèñêîðåííÿ ùå á³ëüøå âèðàæåíèé â ñóì³ø³
²ÏÑ ç öèêëîãåêñàíîíîì: âèõ³ä îë³ãîìåðó çðîñòàº ìàé-
æå íà 27 % çà îá’ºìíîãî ñï³ââ³äíîøåííÿ ²ÏÑ:öèêëî-
ãåêñàíîí, ð³âíîãî 20:80. Õî÷à çðîñòàííÿ âèõîäó çíà÷íå,
âèêîðèñòàííÿ öèêëîãåêñàíîíó ñêëàäíå âíàñë³äîê éîãî
âèñîêî¿ òåìïåðàòóðè êèï³ííÿ (155,6 °Ñ), ùî óòðóäíþº
âèä³ëåííÿ îë³ãîìåðó. Ñë³ä â³äçíà÷èòè, ùî ïðè âèêîðèñ-
òàíí³ öèêëîãåêñàíîíó â îë³ãîìåðè âõîäÿòü ³ êàðáîê-
ñèëüí³ ãðóïè [11].

Âèêîðèñòàííÿ ÅÀÔ ³ ñèâóøíîãî ìàñëà – â³äõîä³â
âèðîáíèöòâà åòèëîâîãî ñïèðòó çíà÷íî ï³äâèùèëî âèõ³ä
îë³ãî³çîïðåíó. Ïðîáíå îòâåðäíåííÿ ïîêàçàëî, ùî âëà-
ñòèâîñò³ ÏÓ íà îñíîâ³ öèõ îë³ãîìåð³â ïðàêòè÷íî íå
â³äð³çíÿþòüñÿ â³ä âëàñòèâîñòåé îë³ãîìåð³â, îòðèìàíèõ
â åòèëîâîìó ñïèðò³. Âàðò³ñòü öèõ ðîç÷èííèê³â çíà÷íî
íèæ÷à, í³æ ñïèðòó-ðåêòèô³êàòó. Äî òîãî æ, âîíè º â³äõî-
äàìè, ³ ¿õ óòèë³çàö³ÿ ïîêðàùóº åêîëîã³÷íó ñèòóàö³þ.

Åôåêòèâí³ñòü âêàçàíèõ ðîç÷èííèê³â ïîÿñíþºòüñÿ
íàÿâí³ñòþ â ¿õ ñêëàä³ äîì³øîê, ÿê³ àêòèâóþòü ä³þ ÏÂ. Ó
ïàòåíòí³é ë³òåðàòóð³ [12] îïèñàíî ïîçèòèâíèé âïëèâ äî-
ì³øîê ð³çíî¿ õ³ì³÷íî¿ ïðèðîäè, â ïåðøó ÷åðãó àëüäåã³ä³â.
ßê ÅÀÔ, òàê ³ ñèâóøíå ìàñëî ì³ñòÿòü äîì³øêè àëü-
äåã³ä³â, à òàêîæ êèñëîò, ÿê³ òàêîæ ìîæóòü àêòèâóâàòè
ïðîöåñ ïîë³ìåðèçàö³¿ ï³ä ä³ºþ ÏÂ. Ïåðåâàãîþ öèõ ðîç-
÷èííèê³â º é òå, ùî âîíè íå ïîòðåáóþòü ñïåö³àëüíî¿
ï³äãîòîâêè. ÅÀÔ òðåáà ââàæàòè á³ëüø òåõíîëîã³÷íîþ,
í³æ ñèâóøíå ìàñëî, çà ðàõóíîê íèæ÷î¿ òåìïåðàòóðè

êèï³ííÿ – âîíà º ïåðåäãîíîì ðåêòèô³êàö³¿ åòèëîâîãî
ñïèðòó, à ñèâóøíå ìàñëî – ôðàêö³ºþ ï³ñëÿ â³äãîíêè
åòàíîëó.

²íøèì åôåêòèâíèì àêòèâàòîðîì º áåíçîéíà êèñëî-
òà. Àêòèâàö³ÿ ïîë³ìåðèçàö³¿ ä³ºí³â íåîðãàí³÷íèìè ³
îðãàí³÷íèìè êèñëîòàìè òàêîæ îïèñàíà â [13], äå âèêî-
ðèñòîâóþòü çíà÷í³ ê³ëüêîñò³ êèñëîò, ùî ïðèâîäèòü äî
óòâîðåííÿ íàäêèñëîò ç ïîíèæåíîþ, ïîð³âíÿíî ç ÏÂ,
åíåðã³ºþ ïåðîêñèäíîãî çâ’ÿçêó. Â íàøîìó âèïàäêó äî-
áàâêè áåíçîéíî¿ êèñëîòè ñòàíîâëÿòü íà ïîðÿäêè ìåíø³
ê³ëüêîñò³. Öå äîïóñêàº ³íøèé ìåõàí³çì ä³¿ áåíçîéíî¿ êèñ-
ëîòè. Â³äîìî [14], ùî áåíçîéíà êèñëîòà ñòàá³ë³çóº ðîç-
÷èíè ÏÂ, ñåëåêòèâíî âëîâëþþ÷è ã³äðîêñèëüí³ ðàäèêà-
ëè, ÿê³ çàïóñêàþòü ëàíöþãîâèé ìåõàí³çì ðîçïàäó ÏÂ.
Ìîæëèâî, â íàøîìó âèïàäêó âîíà âëîâëþº ò³ ã³äðîê-
ñèëüí³ ðàäèêàëè, ÿê³ â íåçíà÷íèõ ê³ëüêîñòÿõ óòâîðþþòü-
ñÿ ïðè ãîìîë³òè÷íîìó ðîçïàä³ ñàìîãî ÏÂ ï³ä âïëèâîì
ì³êðîäîì³øîê àáî ïîâåðõí³ ðåàêòîðà. Òîä³ ìîæíà ïðè-
ïóñòèòè, ùî ìîëåêóëè áåíçîéíî¿ êèñëîòè º ïàñòêàìè
äëÿ â³ëüíèõ ã³äðîêñèëüíèõ ðàäèêàë³â.
Âèñíîâêè.

Âèñîêà àêòèâí³ñòü ÏÂ ó ì³æìîëåêóëÿðíèõ âçàºìîä-
³ÿõ â³äêðèâàº øèðîê³ ìîæëèâîñò³ àêòèâóâàííÿ ïðîöåñó
ïîë³ìåðèçàö³¿ ä³ºí³â ð³çíèìè àãåíòàìè, âêëþ÷àþ÷è
ðîç÷èííèê. Òàê³ ðîç÷èííèêè ÿê àöåòîí ³ öèêëîãåêñà-
íîí óòâîðþþòü ã³äðîïåðîêñèäè in situ â ïîë³ìåðè-
çàö³éí³é ñèñòåì³. Äîáàâêè öèõ ðîç÷èííèê³â ó ðîç÷èí
²ÏÑ ïîì³òíî çá³ëüøóþòü âèõ³ä îë³ãîìåðó. Öå â³äáóâàºòü-
ñÿ çà ðàõóíîê ìåíøî¿ ì³öíîñò³ çâ’ÿçêó â ã³äðîïåðîêñè-
äàõ íà îñíîâ³ êåòîí³â.

Âèêîðèñòàííÿ â³äõîä³â âèðîáíèöòâà åòèëîâîãî ñïèð-
òó – åô³ðî-àëüäåã³äíî¿ (ãîëîâíî¿) ôðàêö³¿ òà ñèâóøíîãî
ìàñëà çíà÷íî ï³äâèùóº âèõ³ä îë³ãîìåðó. Ö³ ôðàêö³¿
ì³ñòÿòü äîì³øêè îöòîâîãî àëüäåã³äó òà ³íøèõ îðãàí³÷-
íèõ àêòèâàòîð³â, ÿê³ ïðèñêîðþþòü ïðîöåñ ïîë³ìåðè-
çàö³¿. Ãîëîâíà ôðàêö³ÿ ìîæå áóòè ðåêîìåíäîâàíà ÿê
ðîç÷èííèê äëÿ ïðîìèñëîâîãî ïðîöåñó îòðèìàííÿ îë³-
ãîä³ºí³â ç ê³íöåâèìè ã³äðîêñèëüíèìè ãðóïàìè.

Áåíçîéíà êèñëîòà òàêîæ àêòèâóº ïðîöåñ ïîë³ìåðè-
çàö³¿ ä³ºí³â ï³ä ä³ºþ ÏÂ. Âèâ÷åííÿ ìåõàí³çìó àêòèâàö³¿
ö³ºþ äîáàâêîþ ìîæå ïðèâåñòè äî ñòâîðåííÿ àêòèâà-
òîð³â, åôåêòèâíèõ ó äóæå ìàëèõ ê³ëüêîñòÿõ.
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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ êèíåòèêè îëèãîìåðèçàöèè èçîïðåíà ïîä äåéñòâèåì
ïåðîêñèäà âîäîðîäà â ñìåñÿõ ðàñòâîðèòåëåé è â ðàñòâîðèòåëÿõ - îòõîäàõ ïðîèçâîäñòâà
ýòèëîâîãî ñïèðòà. Âî âñåõ ñëó÷àÿõ óñòàíîâëåíî óñêîðåíèå îëèãîìåðèçàöèè. Îáñóæäåíû
âîçìîæíûå ìåõàíèçìû èíèöèèðîâàíèÿ, êîòîðûå ïðèâîäÿò ê óñêîðåíèþ ïðîöåññà.

Êëþ÷åâûå ñëîâà: èçîïðåí, ïåðîêñèä âîäîðîäà, îëèãîìåðèèçàöèÿ, ðàñòâîðèòåëè, àêòèâàòîðû.

Intensification of hydrogen-peroxide-initiated polymerization of isoprene. The
use of mixtures of solvents and replacement of alcohols as solvents

V.P. Boiko, V.Ê. Grishchenko, V.P. Valovyy

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

The results of kinetic studies of the isoprene oligomerization under the action of hydrogen peroxide
(HP) in the presence of solvent mixtures and in solvents – wastes of ethyl alcohol production have
been present. The isoprene polymerization in the mixtures of isopropyl alcohols (IPA) and ketones
showed synergism in rates and oligomer yields. The maximum excess over additive yield amounts to 10
% at IPA-acetone composition 60:40 vol. %, and to 27 % at IPA-cyclohexanone-composition 20:80
vol. % against pure IPA. The rate of polymerization in the latter mixture increases by twice what
permits to approach a yield in a pure IPA during a quarter shorter time at cyclohexanone content 25
vol. %. The appreciable effects were approached in the systems where IPA was completely changed
with waste products of ethyl alcohol production – ether-aldehyde (top) fraction and fusel oil. In the
former solvent a yield growth consists nearly two times through 6 h., in the latter does 47 %. The ether-
aldehyde (top) fraction can be recommended for the industrial use in process of isoprene polymerization.
The possible activation mechanisms of described substances were discussed. In the mixtures IPA-
ketenes acceleration is explained by forming hydroxyhydroperoxydes at a reaction with HP. Ether-
aldehyde fraction and fusel oil consist of aldehyde admixtures that activate HP decomposition. Benzoic
acid seemed to be a perspective activator at very low molar proportions, about thousands relative to
hydrogen peroxide. The investigation of its action mechanism opens the possibility of creation a new
high-activity agents for intensification of diene polymerization under the action of HP.

Key words: isoprene, hydrogen peroxide, oligomerization, solvents, activators.


