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Îõàðàêòåðèçîâàíî äâîåòàïíèé ñèíòåç öèêë³÷íèõ êàðáîíàò³â ìåòèëîâîãî åñòåðó
æèðíèõ êèñëîò ð³ïàêîâî¿ îë³¿. Ïåðøèé åòàï: ñèíòåç åïîêñèä³â çà äîïîìîãîþ ðå-
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äæåíî êîìïîçèö³éí³ ïîë³ìåðí³ ìàòåð³àëè íà îñíîâ³ ñèíòåçîâàíèõ öèêëîêàðáîíàò³â,
åïîêñèä³â òà àì³í³â ð³çíî¿ õ³ì³÷íî¿ ïðèðîäè. Ïîêàçàíî ìîæëèâ³ñòü ðåãóëþâàííÿ
ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé åïîêñèóðåòàíîâèõ êîìïîçèö³é.
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Âñòóï
Àêòóàëüí³ñòü äàíîãî äîñë³äæåííÿ ïîâ’ÿçà-

íà ç ìîæëèâ³ñòþ âèêîðèñòàííÿ â³äíîâëþâàíî¿
ñèðîâèíè òà ïðîäóêò³â ðîñëèííîãî ïîõîäæåí-
íÿ, çîêðåìà åïîêñèä³â, öèêëîêàðáîíàò³â äëÿ âè-
ðîáíèöòâà êîìïîçèö³éíèõ ïîë³ìåðíèõ ìàòåð³-
àë³â [1–3]. Öå âàæëèâî íå ò³ëüêè ç åêîíîì³÷íî¿
òî÷êè çîðó, àëå òàêîæ äîçâîëÿº çíèçèòè íàâàí-
òàæåííÿ íà äîâê³ëëÿ, ÿêå ñïðè÷èíÿþòü ñèíòå-
òè÷í³ ïîë³ìåðè, ùî ìàþòü äîñèòü òðèâàëèé
òåðì³í äåãðàäàö³¿ ó íàâêîëèøíüîìó ñåðåäîâèù³.
Ç ³íøîãî áîêó, òàêîæ â³äîìî, ùî íàêîïè÷åííÿ
ä³îêñèäó âóãëåöþ ó ïîâ³òð³ (îñíîâíèé ïðîìèñ-
ëîâèé âèêèä áàãàòüîõ âèðîáíèöòâ) ñïðè÷èíÿº
çíà÷íå ï³äâèùåííÿ åêîëîã³÷íèõ ðèçèê³â, òîìó
óòèë³çàö³ÿ ÑÎ2 ìàº âàæëèâå ïðàêòè÷íå çíà÷åí-
íÿ [4,5].

Âèõîäÿ÷è ç öüîãî, îäåðæàííÿ öèêëîêàðáî-
íàò³â ³ç çàñòîñóâàííÿì ä³îêñèäó âóãëåöþ ç ïî-
äàëüøîþ ðîçðîáêîþ ðåàêö³éíîçäàòíèõ îë³ãî-
ìåð³â íà îñíîâ³ ïðèðîäíî¿ ñèðîâèíè º ïðîäóê-
òèâíèì ï³äõîäîì äî ñòâîðåííÿ íîâèõ ïîë³ìåð-
íèõ ìàòåð³àë³â ç êîìïëåêñîì ö³ííèõ âëàñòèâîñ-
òåé.

Â³äîìî, ùî ñèíòåç öèêëîêàðáîíàò³â ïðè
ââåäåíí³ ÑÎ2 â åïîêñèäíó ãðóïó çâè÷àéíî ïî-

òðåáóº âèñîêèõ òåìïåðàòóð, òèñêó òà âèâ÷åííÿ
âïëèâó êàòàë³çàòîð³â íà ïðîöåñ [6–8]. Îäåðæàí³
îë³ãîìåðè ç öèêëîêàðáîíàòíèìè ãðóïàìè ìîæóòü
áóòè âèêîðèñòàí³ ó ñèíòåç³ áåç³çîö³àíàòíèõ ïîë-
³óðåòàí³â òà ÿê ñèðîâèíè äëÿ âèðîáíèöòâà êîì-
ïîçèö³éíèõ ìàòåð³àë³â: êëå¿â, ìîäèô³êàòîð³â
åïîêñèäíèõ ñìîë ó õ³ì³÷í³é, ãóìîòåõí³÷í³é, ëà-
êîôàðáîâ³é ïðîìèñëîâîñò³ [9–13].

Îñíîâíà ìåòà ðîáîòè ïîëÿãàº â ðîçðîáö³
ðåàêö³éíîçäàòíèõ îë³ãîìåð³â ç öèêëîêðáîíàòíè-
ìè ãðóïàìè íà îñíîâ³ åñòåð³â æèðíèõ êèñëîò
ð³ïàêîâî¿ îë³¿, îòðèìàííÿ îë³ãîóðåòàí³â áåç³çî-
ö³àíàòíèì ìåòîäîì òà êîìïîçèö³éíèõ ïîë³ìåð-
íèõ ìàòåð³àë³â íà îñíîâ³ ìîíîìåðíèõ òà îë³ãî-
ìåðíèõ ñïîëóê ç â³äíîâëþâàíî¿ ðîñëèííî¿ ñè-
ðîâèíè.

Ìåòîäèêà åêñïåðèìåíòó
Äëÿ ñèíòåçó òà äîñë³äæåííÿ ðåàêö³éíîçäàò-

íèõ îë³ãîìåð³â âèêîðèñòîâóâàëè ìåòèëîâ³ åñòå-
ðè æèðíèõ êèñëîò ð³ïàêîâî¿ îë³¿ (ÌÅÊÐÎ), öèê-
ëîêàðáîíàò ñîºâî¿ îë³¿ (ÖÊÑÎ), ï³ïåðàçèí (ÏÏÇ)
(Merck, Í³ìå÷÷èíà), âîäíèé ðîç÷èí ïåðîêñèäó
âîäíþ, îðòîôîñôîðíà êèñëîòà, êàòàë³çàòîð òåò-
ðàáóòèëàìîí³éáðîì³ä (Merck), àì³íîåòèëï³ïåðà-
çèí (ÀÅÏ), ³çîôîðîíä³àì³í (²ÔÄÀ), ìîíîåòàíî-
ëàì³í (ÌÅÀ), ä³åòèëåíòðèàì³í (ÄÅÒÀ). Äëÿ ñèí-
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òåçó âèêîðèñòîâóâàëè àâòîêëàâ âèñîêîãî òèñêó.
Ñòðóêòóðí³ îñîáëèâîñò³ âèõ³äíèõ ðåàãåíò³â

òà îòðèìàíèõ ïðîäóêò³â ðåàêö³¿ âèâ÷àëè ìåòî-
äîì ²×-ñïåêòðîñêîï³¿ íà ñïåêòðîôîòîìåòð³
Tensor-37 ç Ôóð’º ïåðåòâîðåííÿì (Bruker, Í³ìå÷-
÷èíà) ó ñïåêòðàëüíîìó ä³àïàçîí³ 600–4000 ñì–1

òà ìåòîäîì 1H ßÌÐ ñïåêòðîñêîï³¿ íà ñïåêòðî-
ìåòð³ Varian VXR-400 MÃö ç âèêîðèñòàííÿì ÿê
ðîç÷èííèêà DMSO-d6 íà ïðèêëàä³ åñòåðó îëå-
¿íîâî¿ êèñëîòè.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Ñèíòåç åïîêñèäîâàíîãî ìåòèëîâîãî åñòåðó

êèñëîò ð³ïàêîâî¿ îë³¿
Ñèíòåç åïîêñèäîâàíîãî ìåòèëîâîãî åñòåðó

êèñëîò ð³ïàêîâî¿ îë³¿ (ÅÌÅÊÐÎ) (ñõåìà 1) ïðî-
âîäèëè íàñòóïíèì ÷èíîì: ìåòèëîâèé åñòåð êèñ-
ëîò ð³ïàêîâî¿ îë³¿ ðîç÷èíÿëè â òîëóîë³, äîäàâà-
ëè îöòîâó êèñëîòó òà íåâåëèêó ê³ëüê³ñòü îðòî-
ôîñôîðíî¿ êèñëîòè ÿê êàòàë³çàòîð. Ðåàêö³éíó
ñóì³ø ïåðåì³øóâàëè ïðè îõîëîäæåí³ òà çà äî-
ïîìîãîþ êðàïåëüíî¿ âîðîíêè äîçîâàíî äîäàâà-
ëè 35%-íèé âîäíèé ðîç÷èí ïåðîêñèäó âîäíþ.
Ï³ñëÿ çàâåðøåííÿ äîçóâàííÿ ïåðîêñèäó âîäíþ,
òåìïåðàòóðó ï³äâèùóâàëè äî 400Ñ, ïåðåì³øóâà-
ëè ïðîòÿãîì 6–8 ãîä. Ï³ñëÿ çàâåðøåííÿ ñèíòå-
çó, ðåàêö³éíó ñóì³ø íåéòðàë³çóâàëè ðîç÷èíîì ç
â³äïîâ³äíèì ñï³ââ³äíîøåííÿì ñïèðò:ëóã äî íåé-
òðàëüíîãî ðÍ ñåðåäîâèùà. Îäåðæàíèé ÅÌÅÊÐÎ
ñóøèëè íà âàêóóìí³é óñòàíîâö³ äëÿ âèäàëåííÿ
ðîç÷èííèêà. Âèõ³ä ïðîäóêòó ñêëàâ 95% â³ä òå-
îðåòè÷íî ðîçðàõîâàíîãî. Óòâîðåííÿ åïîêñèäíèõ
ãðóï êîíòðîëþâàëè ìåòîäîì ²×-ñïåêòðîñêîï³¿ òà
ïîòåíö³îìåòðè÷íèì òèòðóâàííÿì âì³ñòó åïîê-
ñèäíèõ ãðóï.

Çà ïåðåá³ãîì ñèíòåçó åïîêñèäîâàíèõ îë³ãî-
ìåð³â íà îñíîâ³ ìåòèëîâîãî åñòåðó êèñëîò ð³ïà-
êîâî¿ îë³¿ òà ï³ïåðàçèíó ñïîñòåð³ãàëè, àíàë³çó-
þ÷è óòâîðåííÿ íîâèõ ñìóã ïîãëèíàííÿ åïîêñèä-
íî¿ ãðóïè â ä³àïàçîí³ âàëåíòíèõ êîëèâàíü (845
òà 832 ñì–1), ÿêà â³äïîâ³äàº âàëåíòíèì êîëèâàí-
íÿì åïîêñèäíîãî ê³ëüöÿ (ÑÑ–Î) â ²×-ñïåêòð³
ðåàêö³éíî¿ ñóì³ø³ (ðèñ. 1).

Íà ðèñ. 1 íàâåäåí³ ²×-ñïåêòðè ïîãëèíàííÿ
âèõ³äíîãî ÌÅÊÐÎ òà ÅÌÅÊÐÎ, ùî äîçâîëÿº
õàðàêòåðèçóâàòè éîãî õ³ì³÷íèé ñêëàä ³ âèçíà÷è-
òè îñíîâí³ ôóíêö³îíàëüí³ ãðóïè.

Ïðè ïîð³âíÿíí³ ²×-ñïåêòð³â âèõ³äíîãî
ÌÅÊÐÎ (ðèñ. 1, êðèâà 1) òà ÅÌÅÊÐÎ (ðèñ. 1,
êðèâà 5) ìîäíà ñïîñòåð³ãàòè çíèêíåííÿ ñìóã ç
ìàêñèìóìîì 3011 ñì–1, ÿêèé â³äïîâ³äàº âàëåí-
òíèì êîëèâàííÿì Ñ–Í ïðè ïîäâ³éíîìó çâ’ÿçêó
(=ÑÍ), à òàêîæ äåôîðìàö³éíèì êîëèâàííÿì ç
ìàêñèìóìîì 1645 ñì–1 (Ñ=Ñ), òà âèíèêíåííÿ
íîâî¿ äóáëåòíî¿ ñìóãè ïîãëèíàííÿ (845 òà 832 ñì–1)
îêñèðàíîâîãî ê³ëüöÿ. Ö³ çì³íè ñâ³ä÷àòü, ùî â
ðåçóëüòàò³ ðåàêö³¿ îäåðæàíî ÅÌÅÊÐÎ.

Ó 1H ßÌÐ ñïåêòð³ ÌÅÊÐÎ ïðèñóòí³ ï³êè,
â³äïîâ³äí³ éîãî ñòðóêòóð³ (ðèñ. 2,à). Ó ðåçóëüòàò³
åïîêñèäóâàííÿ ïîäâ³éíèõ çâ’ÿçê³â ÌÅÊÐÎ, â 1H
ßÌÐ ñïåêòð³ ÅÌÅÊÐÎ (ðèñ. 2,á) ç’ÿâëÿºòüñÿ
íîâèé õ³ì³÷íèé çñóâ ïðè 2,89 ì.÷., ÿêèé âêàçóº
íà ïðèñóòí³ñòü îêñèðàíîâîãî ê³ëüöÿ â ñòðóêòóð³
ÅÌÅÊÐÎ. Á³ëüø òîãî, â³äñóòí³ñòü õ³ì³÷íîãî çñóâó
ïðè 5,33 ì.÷., õàðàêòåðíîãî äëÿ ïðîòîí³â ïîä-
â³éíèõ çâ’ÿçê³â ÌÅÊÐÎ, äîäàòêîâî ï³äòâåðäæóº
óòâîðåííÿ åïîêñèäîâàíîãî åñòðåðó ÅÌÅÊÐÎ.
Ñïîñòåð³ãàºòüñÿ ³ â³äïîâ³äíèé ïåðåðîçïîä³ë ï³ê³â,
ÿê³ â³äïîâ³äàþòü àë³ôàòè÷íèì ïðîòîíàì ñïîëóê
ÌÅÊÐÎ òà ÅÌÅÊÐÎ.

Ñèíòåç êàðáîí³çîâàíîãî ìåòèëîâîãî åñòåðó
êèñëîò ð³ïàêîâî¿ îë³¿

Ðåàêö³ÿ ì³æ åïîêñèäíîþ ãðóïîþ òà ÑÎ2 â
ïðèñóòíîñò³ êàòàë³çàòîðó ñòàíîâèòü áåçïåðå÷íèé
³íòåðåñ äëÿ ñèíòåçó öèêëîêàðáîòàíèõ ïîõ³äíèõ
(Ñõåìà 1). ̄ ¿ ðåçóëüòàòîì º óòâîðåííÿ öèêëîêàð-
áîíàòíèõ ãðóï, ùî çàáåçïå÷óº ðåàêö³éíó
çäàòí³ñòü îäåðæàíèõ ñïîëóê. Ñèíòåç êàðáîí³çî-
âàíîãî ìåòèëîâîãî åñòåðó êèñëîò ð³ïàêîâî¿ îë³¿
(ÑÊÌÅÊÐÎ) çä³éñíþâàëè â àâòîêëàâ³ øëÿõîì
ïðîïóñêàííÿ ÑÎ2 ÷åðåç ðåàêö³éíó ñóì³ø åïîê-
ñèäîâàíîãî ìåòèëîâîãî åñòåðó êèñëîò ð³ïàêîâî¿
îë³¿ ó ïðèñóòíîñò³ êàòàë³çàòîðà òåòðàáóòèëàìîí³é
áðîì³äó ïðè ïåðåì³øóâàíí³ çà òåìïåðàòóðè 1200Ñ
³ òèñêó 4–5 àòì ïðîòÿãîì 8 ãîä. Äëÿ êîíòðîëþ

O

O O

O

OOO

O

O

O H3PO4, H2O2

40oC, 8 h

MEKPO EMEKPO

CKMEKPO

CO2 (5 atm)

120 oC, 8 h

Ñõåìà 1. Ñèíòåç åïîêñèäîâàíîãî ìåòèëîâîãî åñòåðó êèñëîò ð³ïàêîâî¿ îë³¿
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ïðîò³êàííÿ ðåàêö³¿ ÷åðåç ïåâí³ ïðîì³æêè ÷àñó
â³äáèðàëè ïðîáè, ÿê³ àíàë³çóâàëè òèòðóâàííÿì ³
ìåòîäîì ²×,1Í ßÌÐ-ñïåêòðîñêîï³é.

Ðåçóëüòàòè äîñë³äæåííÿ ðåàêö³¿ êàðáîí³çàö³¿
åñòåðó æèðíèõ êèñëîò ð³ïàêîâî¿ îë³¿, ñèíòåçîâà-
íîãî ó ïðèñóòíîñò³ êàòàë³çàòîðó òåòðàáóòèëàìî-
í³éáðîì³äó (ÒÁÀBr), íàâåäåíî íà ðèñ. 3, äå ïî-
êàçàíî ñïåêòðàëüí³ çì³íè ÅÌÅÊÐÎ â ä³àïàçîí³
600–4000 ñì–1, ÿê³ âèíèêàþòü ïðè êàðáîí³çàö³¿
åïîêñèäíèõ ãðóï.

Ó ðåçóëüòàò³ ðåàêö³¿ ÅÌÅÊÐÎ ç ÑÎ2 çíèêà-
þòü ñìóãè ïîãëèíàííÿ îêñèðàíîâîãî ê³ëüöÿ ïðè
845 òà 832 ñì–1 òà óòâîðþþòüñÿ íîâ³ ñìóãè ïî-
ãëèíàííÿ, ùî â³äïîâ³äàþòü öèêëîêàðáîíàòíèì
ãðóïàì Ñ=Î ãðóï 1809 ñì–1, â³äïîâ³äí³ ñìóãè
Ñ–Î–Ñ ãðóï ïðè 1064 ñì–1 òà 773 ñì–1.

Îòðèìàííÿ ÑÊÌÅÊÐÎ ï³äòâåðäæóºòüñÿ
éîãî 1Í ßÌÐ ñïåêòðîì (ðèñ. 4), à ñàìå, çíèê-
íåííÿì ñèãíàë³â ïðîòîí³â îêñèðàíîâîãî ê³ëüöÿ.
Â ä³àïàçîí³ 4,05–4,82 ì.÷. ç’ÿâëÿþòüñÿ ñèãíàëè
ñëàáêî¿ ³íòåíñèâíîñò³ ³ ñêëàäíî¿ ìóëüòèïëåò-
íîñò³, ùî âêàçóº íà ïðèñóòí³ñòü ÑÍ ãðóï â öèê-

ëîêàðáîíàòíèõ öèêëàõ. Ðåøòà õ³ì³÷íèõ çñóâ³â â
1Í ßÌÐ ñïåêòð³ çðàçêà ÑÊÌÅÊÐÎ, ÿê³ âèçíà-
÷àþòüñÿ ïðèñóòí³ñòþ ìåòèëåíîâèõ (òðèïëåò ïðè
2,28 ì.÷. ³ ðÿä ï³ê³â â ä³àïàçîí³ 1,24–1,60 ì.÷.),
ìåòèëüíî¿ (òðèïëåò ïðè 0,86 ì.÷.) ³ ìåòîêñè-
(ñèíãëåò ïðè 3,65 ì.÷.) ãðóï.

Ñèíòåç îë³ãîóðåòàíó íà îñíîâ³ ÑÊÌÅÊÐÎ òà
ÏÏÇ áåç³çîö³àíàòíèì ìåòîäîì

Âçàºìîä³ÿ öèêëîêàðáîíàòíèõ ãðóï ç àì³íî-
ãðóïàìè ïðèâîäèòü äî óòâîðåííÿ ã³äðîêñèîë³ãî-
óðåòàí³â, ùî ì³ñòÿòü ã³äðîêñèëüí³ ãðóïè (ïåð-
âèííó I àáî âòîðèííó II). Öå äîçâîëÿº çä³éñíþ-
âàòè ïîäàëüø³ ìîäèô³êàö³¿ öèõ îë³ãîìåð³â, à òà-
êîæ ï³äâèùóº ¿õ ã³äðîë³òè÷íó ñò³éê³ñòü ÷åðåç
âíóòð³øíüî- òà ì³æìîëåêóëÿðí³ âîäíåâ³ çâ’ÿçêè
ç óðåòàíîâèìè ãðóïàìè âëàñíèõ àáî ñóñ³äí³õ ëàí-
öþã³â [8–11].

Ñèíòåç îë³ãîóðåòàíó íà îñíîâ³ ÑÊÌÅÊÐÎ
òà ÏÏÇ ïðîâîäèëè ïðè ñòåõ³îìåòðè÷íîìó
ñï³ââ³äíîøåíí³ 1:1 ([öèêëîêàðáîíàò]=[NH]) çà
òåìïåðàòóðè 600Ñ òà â³äñóòíîñò³ êàòàë³çàòîðà
(Ñõåìà 2).
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Ðèñ. 1. ²×-ñïåêòðè, ùî õàðàêòåðèçóþòü ê³íåòèêó åïîêñèäóâàííÿ ìåòèëîâîãî åñòåðó êèñëîò ð³ïàêîâî¿ îë³¿
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33

Cyclic carbonates of rapeseed methyl esters as monomers for urethane composites

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 2, pp. 30-38

á

Ðèñ. 2. 1Í ßÌÐ ñïåêòðè ñïîëóê ÌÅÊÐÎ (à) ³ ÅÌÅÊÐÎ (á)

à

Ðèñ. 3. ²×-ñïåêòð ÑÊÌÅÊÐÎ, ñèíòåçîâàíîãî ó ïðèñóòíîñò³ òåòðàáóòèëàìîí³é áðîì³äó
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Óðåòàíîóòâîðåííÿ êîíòðîëþâàëè FTIR
ñïåêòðîñêîï³ºþ çà çíèêíåííÿì öèêëîêàðáîíàò-
íî¿ ñìóãè ïðè 1809 òà 773 ñì–1 òà ïîÿâîþ íîâèõ
ñìóã ïðè 3330, 1701 òà 1545 ñì–1, ùî â³äíåñåí³
äî ã³äðîêñèëüíèõ ãðóï, êàðáîí³ëüíî¿ ãðóïè òà

äåôîðìàö³éíèõ N–H óðåòàíîâî¿ ãðóïè, â³äïîâ³-
äíî.

Â ðåçóëüòàò³ âçàºìîä³¿ ÑÊÌÅÊÐÎ ç ÏÏÇ
ç’ÿâëÿþòüñÿ íîâ³ ñìóãè âàëåíòíèõ êîëèâàíü,
ïëå÷å ç ìàêñèìóìàìè 1695 ñì–1 (Ñ=Î óðåòàíó);
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Ðèñ. 4. 1Í ßÌÐ ñïåêòðè ÑÊÌÅÊÐÎ
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Ðèñ. 5. Ôðàãìåíòè ²×-ñïåêòð³â óòâîðåííÿ ÓÌÅÊÐÎ ïðè 600C â ³íòåðâàë³ 1800–700 ñì–1: 1 – ÑÊÌÅÊÐÎ,

2 – ñóì³ø ÑÊÌÅÊÐÎ òà ÏÏÇ, 3 – ÓÌÅÊÐÎ

Ñõåìà 2. Ñèíòåç îë³ãîàì³íóðåòàíó
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1650 ñì–1 (Ñ=Î àì³äó), äåôîðìàö³éí³ êîëèâàí-
íÿ NH-ãðóïè ç ìàêñèìóìîì 1545 ñì–1 òà âàëåíòí³
êîëèâàííÿ Ñ–Î ç ìàêñèìóìîì 1242 ñì–1. Öå
ãîâîðèòü ïðî óòâîðåííÿ óðåòàíîâîãî óãðóïóâàí-
íÿ ç òðåòèííèì àì³äîì: îäíà ãðóïà ïðîðåàãóâà-
ëà äî óðåòàíîóòâîðåííÿ, à ³íø³ çàëèøèëàñü â
ï³ïåðàçèí³. Ñêëàäíîåñòåðíà ãðóïà âàëåíòíîãî
êîëèâàííÿ Ñ=Î ç ìàêñèìóìîì 1742 ñì–1 òà âà-
ëåíòíà Ñ–Î íå çì³íèëèñÿ, ùî ñâ³ä÷èòü ïðî òå,
ùî âîíè íå âñòóïèëè â ðåàêö³þ.

Ç ðèñóíê³â 5 òà 6 âèäíî, ùî ïåðåðîçïîä³ë
³íòåíñèâíîñò³ ñìóã â³äáóâñÿ â ä³àïàçîí³ 1300–
1000 ñì–1 (âàëåíòí³ êîëèâàííÿ Ñ–Î ð³çíèõ ãðóï):
çíà÷íî âèðîñëà ñìóãà âàëåíòíèõ êîëèâàíü Ñ–Î
óðåòàíîâî¿ ãðóïè ç ìàêñèìóìîì 1241 ñì–1 òà çðîñ-
ëà ñìóãà 1144 ñì–1 Î–Ñ óðåòàíîâî¿ ãðóïè. Ñïî-
ñòåð³ãàþòüñÿ çì³íè â ä³àïàçîí³ 1100–1000 ñì–1,
çðîñëà ñìóãà âàëåíòíèõ êîëèâàíü âòîðèííî¿
–ÎÍ ãðóïè.

Ñìóãà âàëåíòíèõ êîëèâàíü Î–Ñ ñïîñòåð³-
ãàºòüñÿ ÿê äëÿ îë³éíî¿, òàê ³ äëÿ óðåòàíîâî¿ ãðóï
â îäíîìó ³ òîìó æ ä³àïàçîí³ 1000–1150 ñì–1, òîìó
òóò âèäíî ò³ëüêè ïåðåðîçïîä³ë öèõ ñìóã.

Òàêîæ çì³íèâñÿ ïðîô³ëü ñìóã â ä³àïàçîí³
1100–1300 ñì–1, ÿê³ â³äïîâ³äàþòü çà âàëåíòí³

êîëèâàííÿ Ñ–Î òà Î–Ñ ÖÊ-ãðóïè. Ñëàáêî
çá³ëüøèëàñü ³íòåíñèâí³ñòü ñìóãè 1242 ñì–1 âà-
ëåíòíèõ êîëèâàíü Ñ–Î óðåòàíîâî¿ ãðóïè, ç’ÿ-
âèëèñÿ ñìóãè ïðè 1097 ñì–1 òà, â³äïîâ³äíî, ïðè
1695 ñì–1 (ïîãëèíàííÿ âàëåíòíèõ êîëèâàíü
Ñ=Î). Íà ä³ëÿíö³ 3600–3000 ñì–1 â ðåçóëüòàò³
ðåàêö³¿ â³äáóâñÿ íåâåëèêèé ïåðåðîçïîä³ë ³íòåí-
ñèâíîñò³ ñìóã ïîãëèíàííÿ äåôîðìàö³éíèõ NH
(OH) ãðóï. Ñìóãà ç ìàêñèìóìîì 1809 ñì–1 çíèê-
ëà (ðîçêðèëîñü öèêëîêàðáîíàòíå ê³ëüöå) òà ç’ÿ-
âèëàñü ñìóãà ç ìàêñèìóìîì 1695 ñì–1, ùî â³äïî-
â³äàº âàëåíòíèì êîëèâàííÿì Ñ=Î óðåòàíîâî¿
ãðóïè.

Ñèíòåç êîìïîçèö³éíèõ ïîë³ìåðíèõ ìàòåð³àë³â
Íàñòóïíèì åòàïîì ðîáîòè áóëî îäåðæàííÿ

êîìïîçèö³éíèõ ïîë³ìåðíèõ ìàòåð³àë³â íà îñíîâ³
îë³ãîàì³íóðåòàí³â òà åïîêñèäíèõ ñìîë. Äëÿ ñèí-
òåçó ïîë³ìåðíèõ ìàòåð³àë³â îäåðæóâàëè îë³ãî-
àì³íóðåòàíè íà îñíîâ³ ÌÅÊÐÎ òà àì³í³â ð³çíî¿
õ³ì³÷íî¿ ïðèðîäè: ÀÅÏ, ÏÏÇ, ²ÔÄÀ, ÌÅÀ. Ó
ðåàêòîð çàâàíòàæóâàëè åïîêñèäíó ñìîëó
(ÄÅÐ-331) àáî äèãë³öåäèëîâèé åñòåð áóòàíä³îëó
(ÄÃÅÁÄ), äîäàâàëè îë³ãîàì³íóðåòàí, ïåðåì³øó-
âàëè ïðîòÿãîì 30 õâ. Äàë³ çàïîâíþâàëè ôîðìè
ðåàêö³éíîþ ñóì³øøþ ³ âèòðèìóâàëè â øàô³ çà

Ðèñ. 6. ²×-ñïåêòðè ñïåêòðè: 1 – ÑÊÌÅÊÐÎ, 2 – ðåàêö³éíà ñóì³ø, 3 – ÓÌÅÊÐÎ
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òåìïåðàòóðè 600Ñ äî ïîâíîãî òâåðäíåííÿ ïîë³-
ìåðíèõ ïë³âîê. Ìåõàí³÷í³ âëàñòèâîñò³ ïîë³ìåð-
íèõ êîìïîçèö³éíèõ ìàòåð³àë³â íàâåäåí³ â òàáë. 1.

Ç òàáë. 1 âèäíî, ùî ô³çèêî-ìåõàí³÷í³ ïî-
êàçíèêè ìîæíà ðåãóëþâàòè, çì³íþþ÷è õ³ì³÷íó
ïðèðîäó àì³íó òà åïîêñèäó. Ïðè âèêîðèñòàíí³
ÄÅÐ-331 â³äáóâàºòüñÿ íåâåëèêå ï³äâèùåííÿ
ì³öíîñò³, à ïðè ðîçòÿãíåíí³ – çíà÷íå çá³ëüøåí-
íÿ ïîäîâæåííÿ ïîë³ìåðó. Çðàçêè ç ÀÅÏ òà
ÄÃÅÁÄ ìàþòü íàéìåíø³ çíà÷åííÿ ì³öíîñò³ ïðè
ðîçòÿãíåíí³ òà íåâåëèêå ïîäîâæåííÿ. Çðàçêè, ÿê³
áóëè îäåðæàíí³ ç ²ÔÄÀ òà ï³ïåðàçèíó, â³äð³çíÿ-
þòüñÿ íàéá³ëüøèì ïîäîâæåííÿì ïðè ðîçòÿã-
íåíí³ ïîë³ìåðó äî 220%, ùî ìîæíà ïîÿñíèòè
óòâîðåííÿì äîäàòêîâèõ âîäíåâèõ çâ’ÿçê³â ó æîð-
ñòêèõ áëîêàõ.

ßê ìîäèô³êàòîðè åïîêñèäíèõ ñìîë òàêîæ
ñèíòåçîâàíî öèêëîêàðáîíàòè (ÖÊ) ðîñëèííèõ
îë³é (ð³ïàêîâî¿ òà ñîºâî¿), ïðè âçàºìîä³¿ ÿêèõ ç
àì³íàìè óòâîðþþòüñÿ àì³íîóðåòàíè, ùî â ïî-
äàëüøîìó îòâåðäæóâàëè åïîêñèäí³ êîìïîçèö³¿.

Ìîäèô³êàö³ÿ åïîêñèä³â ÖÊÑÎ ïðèâîäèòü
äî ñóòòºâîãî ï³äâèùåííÿ ì³öíîñò³ ïðè ðîçòÿã-
íåíí³ òà ïîäîâæåíí³ çðàçê³â (òàáë. 2). Çàëåæí³ñòü
ì³öíîñò³ ïðè ðîçòÿãíåíí³ ïîë³ìåð³â â³ä ñï³ââ³äíî-
øåííÿ ÖÊÑÎ ìàº åêñòðåìàëüíèé õàðàêòåð äëÿ
äîñë³äæåíèõ àì³í³â.

Çàãàëüíèì äëÿ âñ³õ àì³í³â º çíà÷íå ï³äâè-
ùåííÿ ì³öíîñò³ ïðè óäàð³. Ìîäèô³êàö³ÿ åïîê-
ñèä³â öèêëîêàðáîíàòàìè ðîñëèííèõ îë³é ïðè-
âîäèòü äî çìåíøåííÿ ¿õ òåìïåðàòóðè ñêëóâàííÿ
(Òñê). Çíà÷íå çíèæåííÿ Òñê ñïîñòåð³ãàºòüñÿ äëÿ
çðàçê³â, ùî ì³ñòÿòü â³ä 20% äî 30% ÖÊÑÎ.

Âñòàíîâëåíî, ùî çì³íþþ÷è òèï àì³ííîãî
òâåðäíèêà, ìîæëèâî çì³íþâàòè ê³íåòè÷í³, ìå-

õàí³÷í³ òà òåõíîëîã³÷í³ âëàñòèâîñò³ åïîêñèäíèõ
êîìïîçèò³â.

Òàêèì ÷èíîì, â ðåçóëüòàò³ çä³éñíåíèõ äîñ-
ë³äæåíü ïîêàçàíî, ùî âèêîðèñòàííÿ ð³çíèõ îë³-
ãîàì³íóðåòàí³â, äîçâîëÿº ðåãóëþâàòè ô³çèêî-ìå-
õàí³÷í³ âëàñòèâîñò³ êîìïîçèö³éíèõ ïîë³ìåðíèõ
ìàòåð³àë³â.

Âèñíîâêè
Â ðîáîò³ áóëè ñèíòåçîâàí³ åïîêñèäí³ òà

öèêëîêàðáîíàòí³ îë³ãîìåðè íà îñíîâ³ åñòåð³â
æèðíèõ êèñëîò òà âèâ÷åíî ê³íåòè÷í³ ïàðàìåòðè
¿õ ðåàêö³é. Áåç³çîö³àíàòíèì ìåòîäîì ñèíòåçîâà-
íî ðåàêö³éíîçäàòíèé îë³ãîóðåòàí íà îñíîâ³
ÑÊÌÅÊÐÎ òà ÏÏÇ çà ðàõóíîê âçàºìîä³¿ öèêëî-
êàðáîíàòíî¿ ãðóïè òà àì³íîãðóïè. Ñèíòåçîâàíî
ðåàêö³éíîçäàòí³ îë³ãîìåðè ç àì³íî-óðåòàíîâèìè
ãðóïàìè íà îñíîâ³ öèêëîêàðáîíàò³â åñòåð³â æèð-
íèõ êèñëîò òà àì³í³â. Îäåðæàíî êîìïîçèö³éí³
ïîë³ìåðí³ ìàòåð³àëè íà îñíîâ³ ñèíòåçîâàíèõ
ÓÌÅÊÐÎ, åïîêñèä³â òà àì³í³â ð³çíî¿ õ³ì³÷íî¿
ïðèðîäè. Ìåòîäàìè ²×-ñïåêòðîñêîï³¿ òà 1Í ßÌÐ
ñïåêòðîñêîï³¿ âèâ÷åíî ñòðóêòóðí³ îñîáëèâîñò³
âèõ³äíèõ ñêëàäîâèõ òà îäåðæàíèõ ïðîäóêò³â ðå-
àêö³¿ êàðáîí³çîâàíîãî ìåòèëîâîãî åñòåðó êèñëîò
ð³ïàêîâî¿ îë³¿, îë³ãîóðåòàíó ìåòèëîâîãî åñòåðó
êèñëîò ð³ïàêîâî¿ îë³¿, öèêëîêàðáîíàòè ñîºâî¿ îë³¿
òà êîìïîçèö³éí³ ïîë³ìåðí³ ìàòåð³àëè.
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CYCLIC CARBONATES OF RAPESEED METHYL ESTERS
AS MONOMERS FOR URETHANE COMPOSITES

N.V. Hudzenko *, V.K. Grishchenko, A.V. Barantsova,
N.A. Busko, Z.V. Falchenko

Institute of Macromolecular Chemistry of the NAS of Ukraine,
Kyiv, Ukraine
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The two-stage synthesis of cyclic carbonates based on
methyl esters of fatty acids from rapeseed oil is characterized.
The first stage involves the synthesis of epoxides by the reaction
of unsaturated methyl esters of rapeseed fatty acids with hydrogen
peroxide, orthophosphoric and acetic acids. The second step is a
carbonization reaction, which was carried out by passing carbon
dioxide through the reactive mixture in the presence of
tetrabutylammonium bromide as a catalyst. A reactive
oligourethane based on cyclocarbonates cyclic carbonates of
rapeseed fatty acids and piperazine was synthesized by the non-
isocyanate method via the interaction of cyclocarbonate group
with the amino group of piperazine. Polymer composites based
on synthesized cyclocarbonates, epoxides and amines of different
chemical nature were prepared and studied. Thus, there is a
possibility of regulating the physical and mechanical properties
of epoxyurethane composites.

Keywords : rapeseed methyl esters; epoxidation;
carbonization; oligoamine urethane; non-isocyanate method.
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