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²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, ì. Êè¿â

Ìåòîäîì ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿ ç Ôóð’º ïåðåòâîðåííÿì äîñë³äæåíî âçàºìî-

ä³þ ñêëàäîâèõ ó ìîäåëüíèõ ñèñòåìàõ òà â åïîêñèóðåòàíîâîìó ñïîëó÷íîìó íà îñíîâ³

ïîë³³çîö³àíàòó, åïîêñèäíî¿ ñìîëè ÅÄ-20 òà ñèë³êàòó íàòð³þ ³ ó íàïîâíåíîìó êîì-

ïîçèò³ íà éîãî îñíîâ³. Ïîêàçàíî, ùî ïðè ôîðìóâàíí³ åïîêñèóðåòàíîâîãî ñïîëó÷-

íîãî ó ñèñòåì³ îäíî÷àñíî ç ðåàêö³ºþ óðåòàíîóòâîðåííÿ ïðè âçàºìîä³¿ ³çîö³àíàòíèõ

ãðóï ïîë³³çîö³àíàòó ç ã³äðîêñèëüíèìè ãðóïàìè â³äáóâàºòüñÿ òðèìåðèçàö³ÿ ³çîö³àíàò-

íèõ ãðóï òà óòâîðþþòüñÿ ³çîö³àíóðàòí³ ôðàãìåíòè, ÿê äîäàòêîâ³ âóçëè çøèâàííÿ

òðèâèì³ðíî¿ ñ³òêè. Âèâ÷åíî âïëèâ òåìïåðàòóðè ðåàêö³éíîãî ñåðåäîâèùà íà ïåðåá³ã

õ³ì³÷íèõ ðåàêö³é ïðè ôîðìóâàíí³ åïîêñèóðåòàíîâîãî ñïîëó÷íîãî. Íà îñíîâ³ ñèíòå-

çîâàíîãî åïîêñèóðåòàíîâîãî ñïîëó÷íîãî îòðèìàíî ïîë³ìåðíèé êîìïîçèö³éíèé

ìàòåð³àë, ùî ì³ñòèòü ÿê âîëîêíèñòèé íàïîâíþâà÷ êîíîïëÿíó êîñòðèöþ, ÿê äæåðå-

ëî öåëþëîçíèõ âîëîêîí, ïðèäàòíèõ äëÿ çì³öíåííÿ ïîë³ìåð³â, òà ÿê øâèäêî â³äíîâ-

ëþâàëüíèé ïðèðîäíèé ðåñóðñ äëÿ ÿêîãî õàðàêòåðíà äåøåâèçíà, ëåãê³ñòü îáðîáêè òà

ïîâòîðíî¿ ïåðåðîáêè. Ïîêàçàíà âçàºìîä³ÿ ì³æ ôóíêö³éíèìè ãðóïàìè åïîêñèóðåòà-

íîâîãî ñïîëó÷íîãî òà ã³äðîêñèëüíèìè ãðóïàìè êîíîïëÿíî¿ êîñòðèö³, íàÿâíèìè ó ¿¿

ñêëàä³. Çíà÷åííÿ ñòóïåí³â ïåðåòâîðåííÿ ³çîö³àíàòíèõ òà åïîêñèäíèõ ãðóï ó ïðåñî-

âàíîìó çðàçêó íàïîâíåíîãî êîìïîçèö³éíîãî ìàòåð³àëó ïîêàçóº ïðàêòè÷íî ïîâíå ¿õ

âè÷åðïàííÿ. Âèçíà÷åíî îïòèìàëüíó òåìïåðàòóðó ôîðìóâàííÿ ïîë³ìåðíîãî êîìïî-

çèö³éíîãî ìàòåð³àëó, ÿêà ñòàíîâèòü 1600Ñ.

Êëþ÷îâ³ ñëîâà: åïîêñèóðåòàíè, ñèë³êàò íàòð³þ, ³çîö³àíóðàòè, êîíîïëÿíà êîñòðèöÿ,

ïðåñîâàí³ ìàòåð³àëè.
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Âñòóï
Åïîêñèóðåòàíîâ³ ïîë³ìåðè (ÅÓ) º ïåðñïåê-

òèâíèìè ñïîëó÷íèìè äëÿ ïîë³ìåðíèõ êîìïîçè-
ö³éíèõ ìàòåð³àë³â. Íàÿâí³ñòü åïîêñèäíî¿ òà óðå-
òàíîâî¿ ñêëàäîâî¿ â åïîêñèóðåòàíàõ çàáåçïå÷óº
ïîºäíàííÿ òâåðäîñò³ òà åëàñòè÷íîñò³, õ³ì³÷íî¿
ñò³éêîñò³ òà ñò³éêîñò³ äî ñòèðàííÿ â îäíîìó ìà-
òåð³àë³ ³, ÿê íàñë³äîê, â³äì³íí³ ïðóæíî-äåôîð-
ìàö³éí³ òà ³íø³ åêñïëóàòàö³éí³ õàðàêòåðèñòèêè,
òàê³ ÿê âèñîê³ àäãåç³ÿ, ì³öí³ñòü, àòìîñôå-
ðîñò³éê³ñòü [1,2]. Ïðîöåñ âçàºìîä³¿ åïîêñèä³â òà
³çîö³àíàò³â áóëî äîñë³äæåíî â ðîáîòàõ Ñ.². Îìåëü-
÷åíêî òà ñï³âðîá³òíèê³â [1,3,4]. Çîêðåìà áóëî
ïîêàçàíî, ùî íàÿâí³ñòü àòîì³â òðåòèííîãî àçîòó
â ñòðóêòóð³ îäíîãî ç êîìïîíåíò³â ðåàêö³éíî¿
ñóì³ø³ â ïðîöåñ³ ñèíòåçó ìîæå äîäàòêîâî ³í³ö³-
þâàòè òðèìåðèçàö³þ ³çîö³àíàòó, à çì³íþþ÷è òåì-
ïåðàòóðó ñèíòåçó [4] òà ñï³ââ³äíîøåííÿ êîìïî-

íåíò³â [1,4,5], ìîæíà âïëèâàòè íà ïåðåá³ã òèõ
÷è ³íøèõ ðåàêö³é â ñèñòåì³ òà ó òàêèé ñïîñ³á
ðåãóëþâàòè ê³íöåâ³ âëàñòèâîñò³ ïîë³ìåð³â.

Ö³êàâèì º íàïðÿì, ïîâ’ÿçàíèé ç³ ñòâîðåí-
íÿì åïîêñèóðåòàíîâèõ ñèñòåì íà îñíîâ³ ñóì³-
øåé îë³ãîìåð³â, ùî ì³ñòÿòü, êð³ì åïîêñèäíèõ òà
³çîö³àíàòíèõ ôóíêö³éíèõ ãðóï, ³íø³ ðåàêö³éíî-
çäàòí³ ãðóïè. Íàïðèêëàä, ð³äêå ñêëî (ÐÑ) ìîæå
ðåàãóâàòè ç îðãàí³÷íèìè ñïîëóêàìè, çîêðåìà
ïîë³³çîö³àíàòàìè, çàâäÿêè íàÿâíîñò³ ã³äðîêñèëü-
íèõ ãðóï òà êîîðäèíàö³éí³é íåíàñè÷åíîñò³ àòî-
ìó êðåìí³þ. Áóëî ïîêàçàíî [6], ùî ÐÑ, ÿê äæå-
ðåëî ã³äðîêñèëüíèõ ãðóï, ñêîðî÷óº òðèâàë³ñòü
ôîðìóâàííÿ ïîë³ìåðó òà âäâ³÷³ çìåíøóº ðîçì³ð
÷àñòèíîê äèñïåðñíî¿ ôàçè, çáàãà÷åíî¿ Si, – ôà-
çîâà ñòðóêòóðà ñèñòåìè ñòàº á³ëüø îäíîð³äíîþ
òà òîíêîäèñïåðñíîþ.

Êð³ì òîãî, òàêèé ñïîñ³á îäåðæàííÿ åïîê-
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ñèóðåòàí³â º åôåêòèâíèì ïðè  ñòâîðåíí³ êîì-
ïîçèö³éíèõ ìàòåð³àë³â, àðìîâàíèõ ðîñëèííèìè
âîëîêíèñòèìè íàïîâíþâà÷àìè [7]. Õî÷ êîìïî-
çèòè íà îñíîâ³ øòó÷íèõ âîëîêîí õàðàêòåðèçó-
þòüñÿ â³äì³ííîþ ìåõàí³÷íîþ ì³öí³ñòþ, âîíè
ìàþòü íèçêó ñåðéîçíèõ íåäîë³ê³â, ñåðåä ÿêèõ
âèñîêà ãóñòèíà, ñêëàäí³ñòü âòîðèííî¿ ïåðåðîá-
êè, íåñïðîìîæí³ñòü ðîçêëàäàòèñÿ â ïðèðîä³,
âèñîêà âàðò³ñòü òîùî [8]. Íàòîì³ñòü ðîñëèíí³
âîëîêíà çàâäÿêè ñâîºìó ïðèðîäíîìó ïîõîäæåí-
íþ ìàþòü ÷èìàëî ïåðåâàã: âîíè º äîñòóïíèìè,
äåøåâèìè, íåòîêñè÷íèìè, íåàáðàçèâíèìè, çäàò-
íèìè ðîçêëàäàòèñÿ â óìîâàõ äîâê³ëëÿ. Âîäíî÷àñ
âîíè çäàòí³ çàáåçïå÷èòè âèñîêó ìåõàí³÷íó
ì³öí³ñòü, ëåãê³ñòü, ãíó÷ê³ñòü òà â³äì³íí³ çâóêî-
³çîëÿö³éí³ õàðàêòåðèñòèêè êîìïîçèò³â [6,9]. Ñàìå
÷åðåç öå ïðèðîäí³ âîëîêíà ñòàëè ñåðéîçíîþ àëü-
òåðíàòèâîþ ñèíòåòè÷íèì âîëîêíàì, çîêðåìà ó
òàêèõ ãàëóçÿõ, ÿê àâòîìîá³ëüíà, áóä³âåëüíà, ïà-
êóâàëüíà, ìåáëåâà òà ³íø³ [9].

Ñåðåä äîñòóïíèõ ó íàøèõ êë³ìàòè÷íèõ óìî-
âàõ ðîñëèí äëÿ ôîðìóâàííÿ âîëîêíèñòèõ êîì-
ïîçèò³â âàðòî âèîêðåìèòè òåõí³÷íó êîíîïëþ ÿê
äæåðåëî öåëþëîçíèõ âîëîêîí, ïðèäàòíèõ äëÿ
çì³öíåííÿ ïîë³ìåð³â, òà ÿê øâèäêî â³äíîâëþ-
âàëüíèé ïðèðîäíèé ðåñóðñ [10,11]. Â³äîìî [7],
ùî êîíîïëÿí³ âîëîêíà ìàþòü âèñîêó òâåðä³ñòü
òà ì³öí³ñòü, ÿê³ çð³âíÿí³ ç òàêèìè äëÿ ñêëîâî-
ëîêíà, à òàêîæ äåøåâèçíîþ, ëåãê³ñòþ îáðîáëåí-
íÿ òà ïîâòîðíîãî ïåðåðîáëåííÿ.

Äîáðå â³äîìî, ùî âîëîêíèñò³ íàïîâíþâà÷³
ó ïîë³ìåðíèõ êîìïîçèö³éíèõ ìàòåð³àëàõ çàáåç-
ïå÷óþòü æîðñòê³ñòü ³ ìåõàí³÷íó ì³öí³ñòü, à ïîë³-
ìåðí³ ñïîëó÷í³ – ïåðåäà÷ó íàâàíòàæåíü, ñòàë³ñòü
îð³ºíòàö³¿ öèõ âîëîêîí ³ çàõèñò ¿õ â³ä ìîæëèâî-
ãî ïîøêîäæåííÿ òà íåãàòèâíîãî âïëèâó äîâê³ë-
ëÿ [8,9]. Ïðè öüîìó âàæëèâå çíà÷åííÿ ìàº âçà-
ºìîä³ÿ íà ìåæ³ ïîä³ëó ïîë³ìåð – íàïîâíþâà÷,
òîáòî àäãåç³ÿ ïîë³ìåðíî¿ ìàòðèö³ äî âîëîêíà.
Òîìó âàæëèâî äîñë³äèòè ðåàêö³¿, ÿê³ â³äáóâàþòüñÿ
ÿê ïðè ôîðìóâàíí³ ïîë³ìåðíîãî ñïîëó÷íîãî, òàê
³ ïðè éîãî âçàºìîä³¿ ç íàïîâíþâà÷åì, ï³ä³áðàòè
îïòèìàëüíèé ðåæèì òâåðäíåííÿ, ùî äîçâîëèòü
ö³ëåñïðÿìîâàíî ðåãóëþâàòè ïðîöåñè òà îòðèìó-
âàòè ïîë³ìåðí³ ìàòåð³àëè ç íåîáõ³äíèìè âëàñòè-
âîñòÿìè.

Îòæå, ìåòîþ ðîáîòè º äîñë³äèòè õ³ì³çì ðå-
àêö³é, ÿê³ â³äáóâàþòüñÿ ïðè ñèíòåç³ åïîêñèóðå-
òàíîâîãî ñïîëó÷íîãî òà ïðè ôîðìóâàíí³ ïîë³ìåð-
íîãî êîìïîçèö³éíîãî ìàòåð³àëó íà éîãî îñíîâ³;
âèçíà÷èòè îïòèìàëüí³ óìîâè éîãî òâåðäíåííÿ.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Äëÿ ñèíòåçó åïîêñèóðåòàíîâîãî ñïîëó÷íî-

ãî âèêîðèñòàëè òàê³ ñêëàäîâ³:

– ïîë³³çîö³àíàò ìàðêè «Lupranat M 20S»
IsoPMDI 92140 – ñóì³ø ³çîìåð³â äèôåí³ëìåòàí-
ä³³çîö³àíàòó òà îë³ãîìåðíèõ ñïîëóê (Ï²Ö) (ìà-
ñîâà ÷àñòêà ³çîö³àíàòíèõ ãðóï 30,0%, ãóñòèíà
1,2446 ã/ñì3);

– åïîêñèäíà ñìîëà ÅÄ-20 (ÃÎÑÒ 10587-84,
Ìn=390, âì³ñò åïîêñèäíèõ ãðóï 19,8%, âì³ñò
ã³äðîêñèëüíèõ ãðóï 1,9%);

– ð³äêå íàòð³ºâå ñêëî ç ñèë³êàòíèì ìîäó-
ëåì 2,9–3,0, â³äñîòîê â³ëüíî¿ âîäè ñòàíîâèâ
56,0% (ÐÑ).

Åïîêñèóðåòàíîâà êîìïîçèö³ÿ ì³ñòèòü êîì-
ïîíåíòè â åêâ³âàëåíòíîìó ñï³ââ³äíîøåíí³.

Ñïîñ³á âèãîòîâëåííÿ åïîêñèóðåòàíîâîãî
ñïîëó÷íîãî ñêëàäàâñÿ ç äåê³ëüêîõ åòàï³â: ñïî-
÷àòêó â ïîë³³çîö³àíàò ââîäèëè åïîêñèäíó ñìîëó,
ñóì³ø ïåðåì³øóâàëè ç³ øâèäê³ñòþ 900 îá./õâ
ïðîòÿãîì 3 õâ, ïîò³ì äîäàâàëè ð³äêå ñêëî é îäåð-
æàíó ñóì³ø ïåðåì³øóâàëè ç³ øâèäê³ñòþ 900–
1000 îá./õâ ïðîòÿãîì 3 õâ. Òåìïåðàòóðó ðåàêö³¿
ï³ä ÷àñ åêñïåðèìåíòó çì³íþâàëè â³ä 100 äî 140
òà 1600Ñ.

ßê âîëîêíèñòèé íàïîâíþâà÷ âèêîðèñòîâó-
âàëè êîíîïëÿíó êîñòðèöþ (ïîäð³áíåíà ÷àñòèíà
ðîñëèííîãî ñòåáëà êîíîïë³, îäåðæàíà ï³ä ÷àñ
éîãî ïåðâèííîãî îáðîáëåííÿ). Êîíîïëÿíà êîñ-
òðèöÿ ÿâëÿëà ñîáîþ ÷àñòèíêè ðîçì³ðîì 0,05–
5,0 ìì. Ôîðìó ³ ðîçì³ðè ÷àñòèíîê îö³íþâàëè çà
äîïîìîãîþ îïòè÷íîãî ì³êðîñêîïà ÌÁÈ-6 â ïðî-
õ³äíîìó ñâ³òë³ çà çá³ëüøåííÿ 2250 (îá’ºêòèâ ç
÷èñëîâîþ àïåðòóðîþ A=1,25, ðîçä³ëüíà çäàòí³ñòü
R300 íì). Â³äá³ð ôðàêö³é ÷àñòèíîê ïîòð³áíîãî
ðîçì³ðó çä³éñíþâàëè øëÿõîì ôðàêö³îíóâàííÿ
íàïîâíþâà÷à íà ñèòîâîìó àíàë³çàòîð³ (ìîäåëü
029) ç³ çì³ííèì íàáîðîì ñèò. Êîìïîçèö³éí³ ïîë³-
ìåðí³ ìàòåð³àëè ç 60%-âèì âì³ñòîì íàïîâíþâà-
÷à, ÿêèì áóëà êîíîïëÿíà êîñòðèöÿ, âèãîòîâëÿ-
ëè çà òåìïåðàòóðè 1400Ñ ï³ä ïðåñîì.

Õ³ì³÷íèé ñêëàä êîñòðèö³ áóëî ³äåíòèô³êî-
âàíî ìåòîäîì ³íôðà÷åðâîíî¿ (²×) ñïåêòðîñêîï³¿
ç Ôóð’º ïåðåòâîðåííÿì. Â ²×-ñïåêòð³ êîñòðèö³
(ðèñ. 1) ñïîñòåð³ãàºòüñÿ ³íòåíñèâíà øèðîêà ñìóãà
ïîãëèíàííÿ âàëåíòíèõ êîëèâàíü îí ç ìàêñèìó-
ìîì ïðè 3400 ñì -1; ñìóãè ïîãëèíàííÿ â ä³àïàçî-
íàõ 2900–2800 ñì–1 òà 1460–1370 ñì–1, â³äíåñåí³
äî âàëåíòíèõ ³ äåôîðìàö³éíèõ êîëèâàíü àë³ôà-
òè÷íèõ ÑÍ2– òà ÑÍ3–ãðóï, â³äïîâ³äíî. Ñïåêò-
ðàëüíà ä³ëÿíêà 1350–1050 ñì–1 õàðàêòåðèçóºòü-
ñÿ íàÿâí³ñòþ ñìóã ïîãëèíàííÿ, â³äíåñåíèõ äî
âàëåíòíèõ êîëèâàíü Ñ–Î–Ñ-óãðóïóâàíü ñêëàä-
íèõ òà ïðîñòèõ åô³ð³â, ôåíîë³â ³ ñïèðò³â. Â ä³-
àïàçîí³ 1700–1370 ñì–1 ñïîñòåð³ãàëè ñìóãè ïî-
ãëèíàííÿ, õàðàêòåðí³ äëÿ ñèìåòðè÷íèõ òà àñè-
ìåòðè÷íèõ êîëèâàíü êàðáîêñèëüíèõ ãðóï ãåì³-
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Ðèñ. 2. ²×-ñïåêòðè ñèñòåìè Ï²Ö/ÐÑ

öåëþëîçè (1731 ñì–1) òà ë³ãí³íó (1631 ñì–1). Âñ³
ñìóãè ïîãëèíàííÿ º òèïîâèìè äëÿ öåëþëîçè [8].

Ê³íåòèêó ôîðìóâàííÿ åïîêñèóðåòàíó äîñ-
ë³äæóâàëè ìåòîäîì ²×-ñïåêòðîñêîï³¿ ç Ôóð’º
ïåðåòâîðåííÿì. Ñïåêòðè çðàçê³â ðåàêö³éíî¿
ñóì³ø³, íàíåñåíî¿ òîíêèì øàðîì íà ïëàñòèíó
NaCl, òà ãîòîâèõ êîìïîçèö³éíèõ ìàòåð³àë³â, ïî-
ïåðåäíüî ïåðåìåëåíèõ ³ ñïðåñîâàíèõ â òàáëåòêó
ç KBr, ðåºñòðóâàëè ÷åðåç ïåâí³ ïðîì³æêè ÷àñó
íà ²×-ñïåêòðîôîòîìåòð³ «Tenzor 37» ô³ðìè
Brucker Optics (Í³ìå÷÷èíà) ó ä³àïàçîí³ ÷àñòîò â³ä
4000 äî 600 ñì–1. Îêðåìî áóëî äîñë³äæåíî ìî-
äåëüí³ ñèñòåìè Ï²Ö/ÐÑ ³ Ï²Ö/ÅÄ-20.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ñïåðøó çà äàíèìè ²×-ñïåêòðîñêîï³÷íèõ

äîñë³äæåíü ïðîàíàë³çóâàëè âçàºìîä³þ ñêëàäîâèõ
ó ìîäåëüíèõ ñèñòåìàõ – Ï²Ö/ÐÑ ³ Ï²Ö/ÅÄ-20,
à ïîò³ì, âðàõîâóþ÷è îòðèìàí³ ðåçóëüòàòè, ó åïîê-
ñèóðåòàíîâîìó ñïîëó÷íîìó Ï²Ö/ÅÄ-20/ÐÑ ³ ó
íàïîâíåíîìó êîìïîçèò³ íà éîãî îñíîâ³.

Äîñë³äæåííÿ ðåàêö³é ó ñèñòåì³ Ï²Ö/ÐÑ
Ó äàí³é ñèñòåì³ ì³æ ³çîö³àíàòíèìè ãðóïà-

ìè Ï²Ö ³ ã³äðîêñèëüíèìè ãðóïàìè ÐÑ ìîæóòü
ïàðàëåëüíî ïðîò³êàòè ðåàêö³¿ óòâîðåííÿ ïîë³-
óðåòàíó, ïîë³ñå÷îâèíè, à òàêîæ ðåàêö³ÿ óòâîðåí-
íÿ ³çîö³àíóðàòíèõ ôðàãìåíò³â.

Íà ²×-ñïåêòðàõ, ïîäàíèõ íà ðèñ. 2, ñïîñòå-
ð³ãàºòüñÿ õàðàêòåðíå çíèæåííÿ ³íòåíñèâíîñò³
ñìóãè ïîãëèíàííÿ as NCO ãðóïè íà ÷àñòîò³
2275 ñì–1, çðîñòàííÿ ³íòåíñèâíîñò³ øèðîêî¿ ñìó-
ãè ïîãëèíàííÿ  NÍ ó ñêëàä³ óðåòàíîâî¿ ãðóïè ç
ìàêñèìóìîì ïðè 3348 ñì–1; òàêîæ ç’ÿâëÿºòüñÿ
ñìóãà ïîãëèíàííÿ  Ñ=Î ó ñêëàä³ àì³äíî¿ ãðóïè
ïðè 1660 ñì–1 [12]. Íà ä³ëÿíö³ 1740–1700 ñì–1

âèíèêàº øèðîêà ñìóãà õàðàêòåðèñòè÷íèõ êîëè-
âàíü êàðáîí³ëüíî¿ ãðóïè Ñ=Î. Ïðè ðîçä³ëåíí³
ï³êó ç ìàêñèìóìîì 1720 ñì–1  çà ìåòîäîì Ãàóñà
âèä³ëèòè îäèíè÷íèé ï³ê, õàðàêòåðíèé äëÿ óòâî-

ðåííÿ ïîë³ñå÷îâèí ä³àïàçîíó 1730 ñì–1 íå âäà-
ëîñÿ. Ìàêñèìóì ñìóãè ïîãëèíàííÿ  Ñ=Î ³çîö³-
àíàòíî¿ ãðóïè, ïåðåòâîðþþ÷èñü â ñìóãó Àì³ä ²
óðåòàíîâî¿ ãðóïè ç îäíî÷àñíèì çðîñòàííÿì ¿¿
³íòåíñèâíîñò³, ðîçøèðþºòüñÿ òà çñóâàºòüñÿ ç 1720
äî 1714 ñì–1 (ðèñ. 2, êðèâ³ 1–4), à çà òåìïåðàòó-
ðè 1600Ñ – äî 1710 ñì–1 [13]. Âèñîêî÷àñòîòíèé
ìàêñèìóì ïðè 1720 ñì–1 (ðèñ. 2, êðèâà 1) ïîâ’ÿ-
çóþòü ç ïîãëèíàííÿì êàðáîí³ëüíèõ ãðóï óðåòà-
íîâîãî ôðàãìåíòà [12,13]. Çá³ëüøåííÿ ³íòåíñèâ-
íîñò³ ñìóãè êîëèâàííÿ ç ÷àñòîòîþ 1712 ñì–1 òà
îäèíè÷íîãî ï³êà ïðè 1412 ñì–1 ñâ³ä÷èòü ïðî
ôîðìóâàííÿ â ñèñòåì³ Ï²Ö/ÐÑ ³çîö³àíóðàòíèõ
öèêë³â (ðèñ. 2, êðèâ³ 2–4) [14].

Òàêîæ çì³íþþòüñÿ äåÿê³ äóáëåòí³ ïðîô³ë³:
ñìóãè ïîãëèíàííÿ  ÑÑ áåíçåíîâèõ ê³ëåöü ïå-
ðåðîçïîä³ëÿþòüñÿ, óòâîðþþ÷è îäíó ç ìàêñèìó-
ìîì ïîãëèíàííÿ ïðè 1595 ñì–1; ôîðìà äóáëåòó
NH–ãðóïè ç ìàêñèìóìàìè ïîãëèíàííÿ ïðè
1510–1537 ñì–1 çì³íþºòüñÿ âíàñë³äîê ïîÿâè ñìó-
ãè ïîãëèíàííÿ Àì³ä ²² ïðè 1520 ñì–1 [13]. Ïå-
ðåá³ã ðåàêö³¿ óðåòàíîóòâîðåííÿ ï³äòâåðäæóþòü
òàêîæ êîëèâàííÿ  ÑN,  Ñ–Î ó ñêëàä³ Ñ(Î)–Î
ãðóïè òà  Ñ–Î á³ëÿ óðåòàíîâî¿ ãðóïè, ÿê³ âèê-
ëèêàþòü ïîÿâó ñìóã ç ìàêñèìóìàìè ïîãëèíàí-
íÿ ïðè 1309 ñì–1, 1234 ñì–1 ³ 1184 ñì–1, â³äïîâ³ä-
íî [2,12].

Ðîçðàõîâóþ÷è ñòóïåí³ ïåðåòâîðåííÿ ôóíê-
ö³éíèõ ãðóï ÿê ó ö³é, òàê ³ â ³íøèõ äîñë³äæóâà-
íèõ ñèñòåìàõ, ÿê âíóòð³øí³é ñòàíäàðò âèêîðèñ-
òîâóâàëè ñìóãó as ÑÍ2 ãðóï ïðè 2920 ñì–1, îñ-
ê³ëüêè, ÿê çàçíà÷åíî âèùå, ³íòåíñèâí³ñòü ñìóã
êîëèâàííÿ áåíçåíîâèõ ê³ëåöü, ÿê³ ÷àñòî âèêî-
ðèñòîâóþòü ÿê ñòàíäàðòí³ äëÿ ²×-ñïåêòðîñêîï³-
÷íîãî àíàë³çó àðîìàòè÷íèõ ñïîëóê, ³ñòîòíî ïå-
ðåðîçïîä³ëÿëàñÿ.

Äëÿ ñèñòåìè Ï²Ö/ÐÑ çíà÷åííÿ ñòóïåí³â
ïåðåòâîðåííÿ ³çîö³àíàòíèõ ãðóï çà ð³çíèõ òåì-

Ðèñ. 1. ²×-ñïåêòð êîíîïëÿíî¿ êîñòðèö³
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Ðèñ. 3. ²×-ñïåêòðè ñèñòåìè Ï²Ö/ÝÄ-20

ïåðàòóð íàäàíî â òàáë. 1. ßê âèäíî ç òàáë. 1 íàé-
âèùèé ñòóï³íü ïåðåòâîðåííÿ ³çîö³àíàòíèõ ãðóï
ñïîñòåð³ãàºòüñÿ ïðè òåìïåðàòóð³ 1600Ñ.

Òàáëèöÿ 1

Ñòóïåí³ ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï ó ñèñòåì³
Ï²Ö/ÐÑ

Час,  

хв 

Температура, 
0С 

Ступінь перетворення 

ізоціанатних груп, % 

320 100 35,4 

320 140 49,0 

320 160 69,6 

 

Äîñë³äæåííÿ ðåàêö³é ó ñèñòåì³ Ï²Ö/ÅÄ-20
Ó äîñë³äæóâàí³é ñèñòåì³ Ï²Ö/ÅÄ-20 ðåàê-

ö³ÿ óðåòàíîóòâîðåíííÿ ìîæëèâà íå ëèøå âíàñë³-
äîê âçàºìîä³¿ ³çîö³àíàòíèõ ãðóï Ï²Ö ç ã³äðîê-
ñèëüíèìè ãðóïàìè, íàÿâíèìè ó ñòðóêòóð³
ÝÄ-20, àëå é ç âòîðèííèìè ã³äðîêñèëüíèìè ãðó-
ïàìè, ÿê³ óòâîðèëèñÿ âíàñë³äîê ðîçêðèòòÿ åïîê-
ñèäíèõ ãðóï [3,14]. Ó â³äïîâ³äíèõ ²×-ñïåêòðàõ,
ÿê³ íàâåäåíî íà ðèñ. 3, îêð³ì îïèñàíèõ âèùå
çì³í, ïðèòàìàííèõ äëÿ ðåàêö³¿ óðåòàíîóòâîðåí-
íÿ ó ñèñòåì³ Ï²Ö/ÐÑ, ïîì³òí³ é äåÿê³ ³íø³.

Çîêðåìà, õàðàêòåðíèì º çíèæåííÿ ³íòåí-
ñèâíîñò³ ñìóãè ïîãëèíàííÿ åïîêñèäíèõ ãðóï ç
ìàêñèìóìîì ïðè 914 ñì–1 (ðèñ. 3, êðèâ³ 1–4 ). Ó
ñèñòåì³ Ï²Ö/ÅÄ-20, ïîð³âíÿíî ç ñèñòåìîþ
Ï²Ö/ÐÑ, äåùî çì³íþºòüñÿ êîíòóð øèðîêî¿ ñìóãè
3440–3220 ñì–1 ç ìàêñèìóìîì ïðè 3355 ñì–1

(ðèñ. 3, êðèâ³ 1–4 ), ÿêà â äàíîìó âèïàäêó º ùå
øèðøîþ òà ³íòåíñèâí³øîþ, îñê³ëüêè â³äîáðà-
æàº íàêëàäàííÿ ñìóã êîëèâàíü àì³ííèõ ³ ã³äðîê-
ñèëüíèõ ãðóï. Îñòàíí³ ìîæóòü âèíèêàòè âíàñë³-
äîê ðåàêö³é ðîçêðèòòÿ åïîêñèäíèõ ê³ëåöü ï³ä
âïëèâîì âòîðèííèõ ã³äðîêñèëüíèõ ãðóï, òà ï³ä
âïëèâîì óðåòàíîâèõ ãðóï ç³ ñëàáêèìè êèñëîò-
íèìè âëàñòèâîñòÿìè [2,3].

²íòåíñèâí³ñòü ñìóãè ïîãëèíàííÿ Ñ=Î ïðè
1720 ñì–1 òàêîæ çðîñòàº, à ¿¿ ìàêñèìóì ïîñòóïîâî
çì³ùóºòüñÿ äî 1712 ñì–1, ÿê ³ ó ñèñòåì³ Ï²Ö/ÐÑ.
Îñê³ëüêè ñìóãà ç ÷àñòîòîþ 1712 ñì–1 òàêîæ õà-
ðàêòåðèçóº âàëåíòí³ êîëèâàííÿ êàðáîí³ëó ³çîö³-
àíóðàòó [5,6], òî äëÿ ñèñòåìè Ï²Ö/ÝÄ-20 òàêîþ
ìîæå áóòè òðèìåðèçàö³ÿ ³çîö³àíàòíèõ ãðóï.
Ïðîò³êàííÿ ðåàêö³¿ òðèìåðèçàö³¿ â ñèñòåì³
Ï²Ö/ÝÄ-20 îáóìîâëåíà ÿê íàÿâí³ñòþ òðåòèííîãî
àòîìà Í³òðîãåíó â îë³ãîìåðí³é ñêëàäîâ³é ïîë³-
³çîö³àíàòó, òàê ³ äîñèòü âèñîêèìè òåìïåðàòóð-
íèìè ðåæèìàìè (1600Ñ, ðèñ. 3, êðèâà 4) [1–4,14].

Âèâ÷àþ÷è ðåàêö³¿, ÿê³ â³äáóâàþòüñÿ â åïîê-
ñèóðåòàíîâèõ ñèñòåìàõ, òðèìåðèçàö³þ ³çîö³àíàò-
íèõ ãðóï ñïîñòåð³ãàëè òàêîæ ³ ³íø³ äîñë³äíèêè
[2,14]. Âàæëèâî, ùî íàÿâí³ñòü öèêë³÷íîãî ôðàã-
ìåíòà ó ñòðóêòóð³ ïîë³ìåðó ñïðèÿº ï³äâèùåííþ
éîãî æîðñòêîñò³ òà òåðì³÷íî¿ ñò³éêîñò³, à òàêîæ
ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé [2].

Âîäíî÷àñ, íà â³äì³íó â³ä äåÿêèõ äîñë³äæåíü
ñèíòåçó åïîêñèóðåòàí³â [1], ó äàíèõ ñèñòåìàõ íå
óòâîðþþòüñÿ îêñîçàë³äîíè – ïðîäóêòè âçàºìîä³¿
³çîö³àíàòíèõ ³ åïîêñèäíèõ ãðóï, ùî ï³äòâåð-
äæóºòüñÿ â³äñóòí³ñòþ õàðàêòåðíî¿ äëÿ öèõ ñïîëóê
ñìóãè âàëåíòíèõ êîëèâàíü êàðáîí³ëüíî¿ ãðóïè
ïðè 1760 ñì–1 [5]. Îäíàê, òàêà ïîâåä³íêà äîñë³-
äæóâàíî¿ íàìè ñèñòåìè º çàêîíîì³ðíîþ, îñê³ëü-
êè, ÿê â³äîìî [1,3], ðåàêö³ÿ ì³æ ³çîö³àíàòàìè òà
åïîêñèäàìè ìîæëèâà ëèøå ï³ñëÿ äîñÿãíåííÿ
òåìïåðàòóðè 180–2000Ñ, òîáòî çì³íà òåìïåðàòóð-
íîãî ðåæèìó ôîðìóâàííÿ ïîë³ìåðíîãî ìàòåð³-
àëó äîçâîëÿº çì³íþâàòè éîãî âëàñòèâîñò³, êîíò-
ðîëþþ÷è ìîæëèâ³ñòü ïåðåá³ãó òèõ ÷è ³íøèõ ðå-
àêö³é. Äî òîãî æ, íàÿâí³ñòü àðîìàòè÷íèõ ê³ëåöü
ó ñòðóêòóð³ ä³àíîâîãî åïîêñèäó ÝÄ-20 çíèæóº
ðåàêö³éíó çäàòí³ñòü åïîêñèãðóï ïðè óòâîðåíí³
îêñîçàë³äîí³â [1], à ñàìà ðåàêö³ÿ ÷àñòî ïîòðåáóº
âèêîðèñòàííÿ àì³ííîãî êàòàë³çàòîðà [1,2].

Òàáëèöÿ 2

Ñòóïåí³ ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï ó ñèñòåì³
Ï²Ö/ÝÄ-20

Ступінь перетворення 

функційних груп, % 
Час,  

хв 

Температура, 
0С 

Ізоціанатних Епоксидних 

320 100 13,6 2,6 

320 140 42,3 9,3 

320 160 67,0 51,4 

 

Ñòóïåí³ ïåðåòâîðåííÿ ³çîö³àíàòíèõ òà åïîê-
ñèäíèõ ãðóï ó ìîäåëüí³é ñèñòåì³ Ï²Ö/ÝÄ-20
íàâåäåíî â òàáë. 2. ßê âèäíî ç ²×-ñïåêòð³â
(ðèñ. 3, êðèâà 2 ) ³ òàáë. 2, çà òåìïåðàòóðè 1000Ñ
åïîêñèäí³ ãðóïè º ïðàêòè÷íî íåàêòèâíèìè, ïî-
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÷èíàþ÷è ³íòåíñèâíî ðîçêðèâàòèñÿ çà òåìïåðà-
òóðè 1600Ñ. Âîäíî÷àñ, âçàºìîä³þ÷è ç ã³äðîêñèëü-
íèìè ãðóïàìè, ïðîäîâæóþòü (ïî÷èíàþ÷è ç
1400Ñ) ³íòåíñèâíî âèòðà÷àòèñÿ ³çîö³àíàòí³.

Äîñë³äæåííÿ ðåàêö³é ó ñèñòåì³ Ï²Ö/ÝÄ-20/ÐÑ
Äîñë³äèâøè ìîäåëüí³ ñèñòåìè Ï²Ö/ÐÑ ³

Ï²Ö/ÝÄ-20, âèâ÷àëè ïåðåá³ã õ³ì³÷íèõ ðåàêö³é â
åïîêñèóðåòàíîâ³é ñèñòåì³ Ï²Ö/ÐÑ/ÝÄ-20 òà â
ïðåñîâàíîìó çðàçêó íàïîâíåíîãî êîìïîçèö³éíî-
ãî ìàòåð³àëó, ²×-ñïåêòðè ÿêèõ íàâåäåíî íà ðèñ.
4 (êðèâ³ 1–5).

Ïîä³áí³ñòü îòðèìàíèõ ²×-ñïåêòð³â (ðèñ. 4,
êðèâ³ 1–4) ç ²×-ñïåêòðàìè ìîäåëüíèõ ñèñòåì
(ðèñ. 2, 3) äîçâîëÿº çðîáèòè âèñíîâîê, ùî â åïîê-
ñèóðåòàíîâ³é ñèñòåì³ Ï²Ö/ÐÑ/ÝÄ-20 íàÿâí³ óñ³
ñóìàðí³ õ³ì³÷í³ âçàºìîä³¿, ùî ³ ó ìîäåëüíèõ ñè-
ñòåìàõ. Ñòóïåí³ ïåðåòâîðåííÿ ³çîö³àíàòíèõ òà
åïîêñèäíèõ ãðóï ó ñèñòåì³ Ï²Ö/ÐÑ/ÝÄ-20 íà-
âåäåíî â òàáë. 3, àíàë³ç ÿêèõ ïîêàçóº, ùî çà òîé
ñàìèé ÷àñ ³ çà ò³º¿ ñàìî¿ òåìïåðàòóðè ³çîö³àíàòí³
òà åïîêñèäí³ ãðóïè, íà â³äì³íó â³ä ìîäåëüíèõ
ñèñòåì, âè÷åðïóþòüñÿ çíà÷íî øâèäøå. Öå
ï³äòâåðäæóº íàÿâí³ñòü ñóìàðíî¿ õ³ì³÷íî¿ âçàº-
ìîä³¿ ³çîö³àíàòíèõ ãðóï ç ã³äðîêñèëüíèìè ãðó-

Ðèñ. 4. ²×-ñïåêòðè ñèñòåìè Ï²Ö/ÐÑ/ÝÄ-20 ³ ïðåñîâàíîãî

êîìïîçèòà

ïàìè ó ñêëàä³ ÐÑ ³ ÅÄ-20, à òàêîæ ¿õíþ ó÷àñòü ó
ðîçêðèò³ åïîêñèäíèõ öèêë³â.

Ïðîòå, âàæëèâî áóëî íå ëèøå äîñë³äèòè
õ³ì³çì òèõ ðåàêö³é, ÿê³ â³äáóâàþòüñÿ ï³ä ÷àñ ñèí-
òåçó ïîë³ìåðíîãî ñïîëó÷íîãî, àëå é òèõ, ÿê³ âè-
íèêàþòü ï³ä ÷àñ ôîðìóâàííÿ êîìïîçèö³éíîãî
ìàòåð³àëó. ßê âèäíî ç ðèñ. 4 (êðèâà 5), ìàº ì³ñöå
çíà÷íå çíèæåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëèíàí-
íÿ 2275 ñì–1 (çàëèøêîâ³ ³çîö³àíàòí³ ãðóïè), ñìó-
ãè ïîãëèíàííÿ åïîêñèäíèõ ãðóï ç ìàêñèìóìîì
ïðè 916 ñì–1, òà íàÿâíà øèðîêà ñìóãà ç ïðèõî-
âàíèìè ìàêñèìóìàìè, ùî íàêëàäàþòüñÿ îäèí
íà îäíîãî, ó ä³àïàçîí³ 3200–3400 ñì–1, ùî âêà-
çóº íà âçàºìîä³þ ì³æ åïîêñèóðåòàíîâèì ñïîëó÷-
íèì ³ ã³äðîêñèëüíèìè ãðóïàìè êîíîïëÿíî¿ êîñ-
òðèö³. Äëÿ ï³äòâåðäæåííÿ öüîãî â ²×-ñïåêòð³
êîìïîçèö³éíîãî ìàòåð³àëó â ä³àïàçîí³ 3600–
3000 ñì–1 (ðèñ. 5), ïðè ðîçä³ëåíí³ ÿêîãî çà äîïî-
ìîãîþ ìåòîäó Ãàóñà, âèä³ëåíî ï³êè ïðè 3445 òà
3345 ñì–1, ÿê³ õàðàêòåðèçóþòü â³ëüí³ òà çâ’ÿçàí³
âîäíåâèìè çâ’ÿçêàìè NÍ-ãðóïè, â³äïîâ³äíî [1].
Â³äñóòí³ñòü ñìóãè ïîãëèíàííÿ âàëåíòíèõ êîëè-
âàíü îí ç ìàêñèìóìîì ïðè 3400 ñì–1 êîíîïëÿ-
íî¿ êîñòðèö³ (ðèñ. 1) äàº çìîãó ï³äòâåðäèòè âçàº-
ìîä³þ ì³æ ôóíêö³éíèìè ãðóïàìè åïîêñèóðåòà-
íîâîãî ñïîëó÷íîãî òà ã³äðîêñèëüíèìè ãðóïàìè,
íàÿâíèìè ó ¿¿ ñêëàä³. Àíàë³ç íàâåäåíèõ â òàáë. 3
çíà÷åíü ñòóïåíÿ ïåðåòâîðåííÿ ³çîö³àíàòíèõ òà
åïîêñèäíèõ ãðóï ó ïðåñîâàíîìó çðàçêó, íàïîâ-
íåíîãî êîìïîçèö³éíîãî ìàòåð³àëó, ïîêàçóº ïðàê-
òè÷íî ïîâíå âè÷åðïàííÿ ³çîö³àíàòíèõ òà åïîê-
ñèäíèõ ãðóï.

Çìåíøåííÿ ê³ëüêîñò³ ã³äðîêñèëüíèõ ãðóï ó
ñêëàä³ êîíîïëÿíî¿ êîñòðèö³, âèòðà÷åíèõ íà âçàº-
ìîä³þ ç ôóíêö³éíèìè ãðóïàìè ñïîëó÷íîãî, çó-
ìîâëþº ïîë³ïøåííÿ ¿õ ô³çèêî-õ³ì³÷íèõ âëàñòè-
âîñòåé çàâäÿêè çíèæåííþ ã³äðîô³ëüíîñò³ ïîë³-

Ðèñ. 5. ²×-ñïåêòð ïðåñîâàíîãî êîìïîçèòà íà ä³ëÿíö³

3700–3000 ñì–1 ï³ñëÿ ðîçêëàäàííÿ çà ìåòîäîì Ãàóñà

Òàáëèöÿ 3

Ñòóïåí³ ïåðåòâîðåííÿ ôóíêö³éíèõ ãðóï ó ñèñòåì³
Ï²Ö/ÐÑ/ÝÄ-20 òà ïðåñîâàíîìó çðàçêó

Ступінь перетворення 

функційних груп, % 
Час,  

хв 

Температура, 
0С 

Ізоціанатних Епоксидних 

320 100 46,2 7,6 

320 140 75,9 42,7 

320 160 89,5 79,4 

Пресований композит 95,8 97,3 
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ìåðíèõ êîìïîçèò³â, ÿêà, ÿê â³äîìî [10,15], º
íàéâàæëèâ³øîþ ïåðåøêîäîþ íà øëÿõó äî ¿õ
øèðîêîãî ïðàêòè÷íîãî âèêîðèñòàííÿ.

Âèñíîâêè
Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü ïîêàçà-

ëè, ùî ïðè ôîðìóâàíí³ åïîêñèóðåòàíîâîãî ñïî-
ëó÷íîãî ó ñèñòåì³ îäíî÷àñíî ç ðåàêö³ºþ óðåòà-
íîóòâîðåííÿ ïðè âçàºìîä³¿ ³çîö³àíàòíèõ ãðóï
Ï²Ö ç ã³äðîêñèëüíèìè ãðóïàìè ÐÑ â³äáóâàºòüñÿ
öèêëîòðèìåðèçàö³ÿ ³çîö³àíàòíèõ ãðóï òà óòâî-
ðþþòüñÿ ³çîö³àíóðàòí³ ôðàãìåíòè, ÿê äîäàòêîâ³
âóçëè çøèâàííÿ òðèâèì³ðíî¿ ñ³òêè; ðåàêö³¿ âçà-
ºìîä³¿ ³çîö³àíàòíèõ ãðóï Ï²Ö ç ã³äðîêñèëüíèìè
ãðóïàìè, íàÿâíèìè ó ñòðóêòóð³ ÝÄ-20 òà ³çîö³-
àíàòíèõ ãðóï Ï²Ö ç âòîðèííèìè ã³äðîêñèëüíè-
ìè ãðóïàìè, ÿê³ óòâîðþþòüñÿ âíàñë³äîê ðîç-
êðèòòÿ åïîêñèãðóï ÝÄ-20 ç óòâîðåííÿì óðåòà-
íîâèõ; òðèìåðèçàö³¿ ³çîö³àíàòíèõ ãðóï ç óòâî-
ðåííÿì ôðàãìåíò³â ³çîö³àíóðàò³â, à òàêîæ âçà-
ºìîä³¿ åïîêñèäíèõ ãðóï ç ã³äðîêñèëüíèìè ç óò-
âîðåííÿì åòåðíèõ ³ âòîðèííèõ ã³äðîêñèëüíèõ
ãðóï. Íàÿâí³ñòü öèêë³÷íîãî ôðàãìåíòà ó ñòðóê-
òóð³ åïîêñèóðåòàíîâîãî ïîë³ìåðó ìàº ñïðèÿòè
ï³äâèùåííþ éîãî æîðñòêîñò³ òà òåðì³÷íî¿ ñò³é-
êîñò³, à òàêîæ ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé.
Âèçíà÷åíî îïòèìàëüíó òåìïåðàòóðó ôîðìóâàííÿ
ïîë³ìåðíîãî êîìïîçèö³éíîãî ìàòåð³àëó, ÿêà ñòà-
íîâèòü 1600Ñ ³ ïðè ÿê³é â³äáóâàºòüñÿ ïðàêòè÷íî
ïîâíå âè÷åðïàííÿ ôóíêö³éíèõ ãðóï åïîêñèóðå-
òàíîâîãî ñïîëó÷íîãî òà êîíîïëÿíî¿ êîñòðèö³.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Îìåëü÷åíêî Ñ.È., Êàäóðèíà Ò.È. Ìîäèôèöèðîâàí-

íûå ïîëèóðåòàíû. – Ê: Íàóêîâà äóìêà, 1983. – 228 c.

2. Áóé Ä.Ì. Ðàçðàáîòêà êîìïîçèöèîííûõ ìàòåðèàëîâ

íà îñíîâå ýïîêñèóðåòàíîâûõ îëèãîìåðîâ ñ óëó÷øåííûìè

ýêñïëóàòàöèîííûìè ñâîéñòâàìè: Äèñ…êàíä. òåõí. íàóê:

05.17.06. – Ì.: Ðîññèéñêèé õèìèêî-òåõíîëîãè÷åñêèé óíè-

âåðñèòåò èì. Ä.È. Ìåíäåëååâà, 2014. – 140 ñ.

3. Íîâèêîâà Ò.È., Êàäóðèíà Ò.È., Ëàåâñêàÿ Ë.È. Êèíå-

òèêà ðåàêöèè òîëóèëåíäèèçîöèàíàòà ñ çàìåùåííûì 3, 4–

ýïîêñèöèêëîãåêñàíäèãëèöèäèëîâûì ýôèðîì // Óêð. õèì.

æóðí. – 2003. – Ò.69. – ¹ 6. – Ñ.124-128.

4. Âëèÿíèå óñëîâèé ñèíòåçà íà ôîðìèðîâàíèå ãåòåðî-

öèêëè÷åñêèõ ýïîêñèóðåòàíîâ / Ò. È. Êàäóðèíà, Ò. È. Íîâè-

êîâà, Ñ. È. Ëîáîê è äð. // Êîìïîçèö. ïîëèì. ìàòåð. – 2000.

– Ò.22. – ¹ 2. – Ñ.140–145.

5. Oxazolidin- 2- one ring, a popular framework in synthetic

organic chemistry: part 1. The construction of the oxazolidin-2-

one ring / G. Zappia, E. Gacs-Baitz, G. Delle Monache, Misiti

D., Nevola L., Botta B. // Curr. Org. Synth. – 2007. – Vol.4. –

P.81-135.

6. Ìîäèôèêàöèÿ ãèáðèäíûõ ñâÿçóþùèõ ýïîêñèäíûì

îëèãîìåðîì / Õàëèêîâà Ð.À., Ñòàðîâîéòîâà È.À., Ìóðòàçè-

íà À.È., Àáäóëõàêîâà À.À., Õàäååâ Ý.Ï. // Âåñòíèê Êàçàíñ-

êîãî òåõíîëîãè÷åñêîãî óíèâåðñèòåòà. – 2013. – Ò.16. –

¹ 15. – Ñ.68-70.

7. Investigation on mechanical properties of Hemp-E glass

fiber reinforced polymer composites / Somashekar S.M.,

Manjunath V., Gowtham M.J., Balasubramaniam N.S. // Int. J.

Mech. Eng. Technol. – 2016. – Vol.7. – No. 3. – P.182-192.

8. Saheb D.N., Jog J.P. Natural fiber polymer composites:

a review // Adv. Polym. Technol. – 1999. – Vol.18. – No. 4. –

P.351-363.

9. Begum K., Islam M.A. Natural fiber as a substitute to

synthetic fiber in polymer composites: a review // Res. J. Eng.

Sci. – 2013. – Vol.2. – No. 3. – P.46-53.

10. Long-term water absorption behaviour of hemp hurds

composites / Stevulova N., Cigasova J., Purcz P., Schwarzova I.

// Chem. Eng. Trans. – 2014. – Vol.39. – P.559-564.

11. Evaluation of Hemp (Cannabis Sativa L.) quality

parameters for building material from foam gypsum products /

Preikss I., Skujans J., Adamovics A., Iljins U. // Chem. Eng.

Trans. – 2013. – Vol.32. – P.1639-1644.

12. Ñìèò À. Ïðèêëàäíàÿ ÈÊ-ñïåêòðîñêîïèÿ / Ïåð. ñ

àíãë. ïîä ðåä. À.À.Ìàëüöåâà. – Ì.: Ìèð, 1982. – 328 ñ.

13. Äåõàíò È., Äàíö Ð., Êèììåð Â. Èíôðàêðàñíàÿ ñïåê-

òðîñêîïèÿ ïîëèìåðîâ. – Ì.: Íàóêà, 1976. – 472 c.

14. Ñàóíäåðñ Ä., Ôðèø Ê. Õèìèÿ ïîëèóðåòàíîâ / Ïåð.

ñ àíãë. ïîä ðåä. Ñ.Ã. Ýíòåëèñà. – Ì.: Õèìèÿ, 1968. – 470 ñ.

15. Lopez J.L., Sain M., Cooper P. Performance of natural

fiber–plastic composites under stress for outdoor applications:

effect of moisture, temperature, and ultraviolet light exposure //

J. Appl. Polym. Sci. – 2006. – Vol.99. – Ð.2570-2577.

Íàä³éøëà äî ðåäàêö³¿ 16.04.2018



79

Synthesis of epoxy-urethane polymer matrix for biocomposite materials

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 1, pp. 73-79

SYNTHESIS OF EPOXY-URETHANE POLYMER MATRIX
FOR BIOCOMPOSITE MATERIALS

L.M. Yashchenko *, N.V. Iarova, T.F. Samoilenko, O.O. Brovko

Institute of Macromolecular Chemistry of National Academy of
Sciences of Ukraine, Kyiv, Ukraine
* e-mail: lara.yashchenko@gmail.com

The interaction of the components both in the model systems
and in the epoxy-urethane matrix, based on the polyisocyanate,
epoxy resin ED-20 and sodium silicate, as well as in the filled
composite based on the epoxy-urethane matrix was investigated by
the FTIR spectroscopy method. It was shown that trimerization of
isocyanate groups occurs during the formation of the epoxyurethane
polymer matrix in the system simultaneously with the reaction of
urethane formation at the interaction of isocyanate groups of
polyisocyanate with hydroxyl groups, isocyanurate fragments being
formed as additional cross-links units of a three-dimensional network.
The influence of the temperature of the reaction medium on the
course of chemical reactions of epoxy-urethane matrix formation
was studied. On the basis of synthesized epoxy-urethane matrix, the
polymer composite material containing hemp chaff as a fiber filler
was prepared. Hemp chaff is a source of cellulose fiber suitable for
strengthening of polymers and as rapidly renewable natural resource,
which is characterized by cheapness, ease of working and recycling.
The interaction between the functional groups of the epoxy-urethane
matrix and hydroxyl groups of hemp chaff was shown. Almost complete
conversion rates of isocyanate and epoxy groups in the pressed sample
of the filled composite material was revealed. It was determined that
the optimal temperature of polymer composite material forming is
1600Ñ.

Keywords: epoxy-urethane; sodium silicate; isocyanurate;
hemp chaff; pressed materials.
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