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Öåëüþ äàííîé ðàáîòû áûëî èññëåäîâàíèå àíèîííîé ïîëèìåðèçàöèè -êàïðîëàêòà-

ìà ñ èñïîëüçîâàíèåì êàòàëèòè÷åñêîé ñèñòåìû, â êîòîðîé êàòàëèçàòîðîì ÿâëÿëàñü

íàòðèåâàÿ ñîëü êàïðîëàêòàìà (ÍK), à àêòèâàòîðîì – ãåêñàìåòèëåíäèèçîöèàíàò

(ÃÌÄÈ). Äëÿ îöåíêè ïðîäîëæèòåëüíîñòè èíäóêöèîííîãî ïåðèîäà áûëî èññëåäî-

âàíî âëèÿíèå êîëè÷åñòâà êàòàëèçàòîðà è àêòèâàòîðà íà âðåìÿ íà÷àëà ïîëèìåðèçà-

öèè. Áûëî óñòàíîâëåíî, ÷òî îïòèìàëüíûì ñîîòíîøåíèåì ìîíîìåð-êàòàëèçàòîð-

àêòèâàòîð ÿâëÿåòñÿ ñîäåðæàíèå ÍK è ÃÌÄÈ 3–4 ìàñ.% (ïî îòíîøåíèþ ê ìàññå

ìîíîìåðà). Äàëüíåéøåå óâåëè÷åíèå ñîäåðæàíèÿ àêòèâàòîðà ïðàêòè÷åñêè íå îêà-

çûâàåò âëèÿíèÿ íà êîëè÷åñòâî îñòàòî÷íîãî ìîíîìåðà â ãîòîâîì ïîëèìåðå. Ïðè

ýòîì ñðåäíåìàññîâàÿ ìîëåêóëÿðíàÿ ìàññà ïîëèìåðà, ïîëó÷åííîãî àíèîííîé ïîëè-

ìåðèçàöèåé, ñîñòàâëÿåò 52501–52532, â òî âðåìÿ êàê ñðåäíåìàññîâàÿ ìîëåêóëÿðíàÿ

ìàññà ïðîìûøëåííîãî îáðàçöà ÏÀ-6, ïîëó÷åííîãî ãèäðîëèòè÷åñêîé ïîëèìåðèçà-

öèåé, ñîñòàâëÿåò 44985. Ïîêàçàíî, ÷òî ïðîöåññ ïîëó÷åíèÿ ÏÀ-6 àíèîííîé ïîëèìå-

ðèçàöèåé ïðîõîäèò ïðàêòè÷åñêè áåç èíäóêöèîííîãî ïåðèîäà. Ïîëó÷åííûé ïî ðå-

êîìåíäîâàííûì ñîñòàâàì ïîëèìåð õàðàêòåðèçóåòñÿ áîëåå íèçêèì ñîäåðæàíèåì îñ-

òàòî÷íîãî ìîíîìåðà, ÷òî íå òðåáóåò ãðîìîçäêèõ òåõíîëîãè÷åñêèõ îïåðàöèé ïî åãî

óäàëåíèþ, êàê ïðè ãèäðîëèòè÷åñêîé ïîëèìåðèçàöèè. Íà îñíîâàíèè ïîëó÷åííûõ

äàííûõ ïðèâåäåíà ïðåäïîëîæèòåëüíàÿ ñõåìà àíèîííîé ïîëèìåðèçàöèè -êàïðî-

ëàêòàìà â ïðèñóòñòâèè êàòàëèçàòîðà ÍK è àêòèâàòîðà ÃÌÄÈ.

Êëþ÷åâûå ñëîâà: -êàïðîëàêòàì, ãåêñàìåòèëåíäèèçîöèàíàò, ïîëèìåðèçàöèÿ in situ,

îñíîâíûå ñâîéñòâà ïîëèìåðà, êàòàëèòè÷åñêèå ñèñòåìû.
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Ââåäåíèå

Îñíîâíûì ïðîìûøëåííûì ñïîñîáîì ïî-
ëó÷åíèÿ ïîëèàìèäà ÏÀ-6 ÿâëÿåòñÿ ãèäðîëèòè-
÷åñêàÿ ïîëèìåðèçàöèÿ -êàïðîëàêòàìà. Èçó÷å-
íèþ ïðîöåññà ãèäðîëèòè÷åñêîé ïîëèìåðèçàöèè
ïîñâÿùåí ðÿä ðàáîò [1–4].

Ýòîò ïðîöåññ ïðåäñòàâëåí òðåìÿ îñíîâíû-
ìè ñõåìàìè (ïåðèîäè÷åñêèé àâòîêëàâíûé ìå-
òîä è äâà íåïðåðûâíûõ â ðåàêòîðàõ êîëîííîãî
òèïà ðàçëè÷íîé êîíñòðóêöèè). Ìåõàíèçì ðåàê-
öèè ñ÷èòàåòñÿ óñòàíîâëåííûì, íî òåì íå ìåíåå
ïðîäîëæàåòñÿ èçó÷åíèå îòäåëüíûõ âîïðîñîâ â
ðàìêàõ ýòîãî ìåõàíèçìà (òàêèõ êàê ïðèðîäà êîí-
öåâûõ ãðóïï, ðîëü -àìèíîêàïðîíîâîé êèñëî-
òû, ïîðÿäîê êîíñòàíò ðàâíîâåñèÿ è äð.) [4,5].

Ãèäðîëèòè÷åñêàÿ ïîëèìåðèçàöèÿ îòëè÷àåò-
ñÿ äëèòåëüíîñòüþ (24–30 ÷), èìååò èíäóêöèîí-

íûé ïåðèîä è ÿâëÿåòñÿ îáðàòèìûì ïðîöåññîì.
Ñïîñîá êàòèîííîé ïîëèìåðèçàöèè ëàêòàìîâ [5]
ïðîìûøëåííîãî ïðèìåíåíèÿ íå íàøåë èç-çà
îñîáåííîñòåé ïðîöåññà è ñâîåé ìàëîèçó÷åííîñòè.

Â íàñòîÿùåå âðåìÿ çíà÷èòåëüíîå âíèìàíèå
óäåëÿåòñÿ àíèîííîé ïîëèìåðèçàöèè -êàïðîëàê-
òàìà, ïîçâîëÿþùåé ïîëó÷àòü êàê ïîëèìåð, òàê
è èçäåëèÿ íåïîñðåäñòâåííî â õîäå ðåàêöèè [6–
8]. Â êà÷åñòâå êàòàëèçàòîðà àíèîííîé ïîëèìå-
ðèçàöèè -êàïðîëàêòàìà ÷àùå âñåãî èñïîëüçóþò
åãî íàòðèåâóþ ñîëü (ÍK). Îñîáåííî èíòåðåñåí
ñ íàó÷íîé è ïðèêëàäíîé òî÷åê çðåíèÿ ìåòîä
ïîëó÷åíèÿ ÏÀ-6 â ïðèñóòñòâèè ÍK è ðÿäà ñî-
åäèíåíèé, êîòîðûå ïðèìåíÿþòñÿ â êà÷åñòâå
àêòèâàòîðîâ (óñêîðèòåëåé) ïðîöåññà ïîëèìåðè-
çàöèè, èìåþùèõ ñòðóêòóðó N-àöèëëàêòàìà (ïðÿ-
ìûå àêòèâàòîðû) èëè ôîðìèðîâàíèå N-àöåòèë-
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ëàêòàìíîé ñòðóêòóðû in situ, ðåàêöèåé -êàïðî-
ëàêòàìà ñ àíãèäðèäàìè, õëîðèäàìè, ñëîæíûìè
ýôèðàìè, ýôèðàìè èçîöèàíîâîé êèñëîòû è äð.
(êîñâåííûå àêòèâàòîðû) [7].

Ïîä äåéñòâèåì òàêèõ êàòàëèòè÷åñêèõ ñèñ-
òåì àíèîííàÿ ïîëèìåðèçàöèÿ ïðîòåêàåò ïðàê-
òè÷åñêè áåç èíäóêöèîííîãî ïåðèîäà â îòëè÷èå
îò ãèäðîëèòè÷åñêîé â òå÷åíèå êîðîòêîãî âðåìå-
íè (îò íåñêîëüêèõ ìèíóò äî 1,0–1,5 ÷) ïðè òåì-
ïåðàòóðàõ íèæå òåìïåðàòóðû ïëàâëåíèÿ ïîëè-
ìåðà (140–2000Ñ) è íîðìàëüíîì äàâëåíèè. Ñïî-
ñîá àíèîííîé ïîëèìåðèçàöèè îòëè÷àåòñÿ íåî-
áðàòèìîñòüþ.

Íåñìîòðÿ íà îïèñàíèå â ëèòåðàòóðå äîâîëüíî
áîëüøîãî êîëè÷åñòâà àêòèâàòîðîâ àíèîííîé ïîëè-
ìåðèçàöèè, äî íàñòîÿùåãî âðåìåíè êàòàëèòè÷åñ-
êèå ñèñòåìû àíèîííîé ïîëèìåðèçàöèè (êàòàëèçà-
òîð-àêòèâàòîð) ñèñòåìàòè÷åñêè íå èçó÷àëèñü.

Ìåæäó òåì, êàòàëèçàòîð è àêòèâàòîð ÿâëÿ-
þòñÿ îïðåäåëÿþùèìè ïðè ïðîòåêàíèè àíèîí-
íîé ïîëèìåðèçàöèè -êàïðîëàêòàìà. Ñòåïåíü
ïîëèìåðèçàöèè è äðóãèå ñâîéñòâà îáðàçóþùå-
ãîñÿ ïîëèìåðà çàâèñÿò îò òèïà, ìåòîäà ïîäãî-
òîâêè, êà÷åñòâà è êîëè÷åñòâà êàòàëèçàòîðà è
àêòèâàòîðà. Òîëüêî îïòèìàëüíûå ñîîòíîøåíèÿ
ìîíîìåðà, êàòàëèçàòîðà è àêòèâàòîðà ìîãóò îáåñ-
ïå÷èòü íàèáîëåå ïîëíóþ ñòåïåíü êîíâåðñèè
ìîíîìåðà, à, ñëåäîâàòåëüíî, íàèìåíüøåå åãî
êîëè÷åñòâî â îáðàçóþùåìñÿ ïîëèìåðå [6]. Êðî-
ìå òîãî, ñàì ìåòîä è òåõíîëîãè÷åñêèå ïàðàìåò-
ðû ïðîöåññà ìîãóò òàêæå âëèÿòü íà ñòåïåíü ïî-
ëèìåðèçàöèè, êîòîðàÿ ÿâëÿåòñÿ êðèòè÷åñêèì
ïàðàìåòðîì äëÿ ñâîéñòâ ÏÀ-6 [6,9,10].

Öåëüþ íàøåé ðàáîòû áûëî èññëåäîâàíèå
àíèîííîé ïîëèìåðèçàöèè -êàïðîëàêòàìà ñ èñ-
ïîëüçîâàíèåì êàòàëèòè÷åñêîé ñèñòåìû, â êîòî-
ðîé êàòàëèçàòîðîì ÿâëÿëàñü íàòðèåâàÿ ñîëü êàï-
ðîëàêòàìà, à àêòèâàòîðîì – ãåêñàìåòèëåíäè-
èçîöèàíàò (ÃÌÄÈ) [10]. Ñèñòåìàòè÷åñêèå èñ-
ñëåäîâàíèÿ òàêîé ñèñòåìû ðàíåå íå ïðîâîäè-
ëèñü, íåñìîòðÿ íà åå ïåðñïåêòèâíîñòü.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èñõîäíûå âåùåñòâà
-êàïðîëàêòàì – ìîëåêóëÿðíàÿ ìàññà

113,16 ã/ìîëü, 20=1020 êã/ì3, òåìïåðàòóðà ïëàâ-
ëåíèÿ 68,80Ñ, ìàññîâàÿ äîëÿ îñíîâíîãî âåùå-
ñòâà 99,99%, êâàëèôèêàöèÿ “õ.÷.”, ïðîèçâîäñòâî
ôèðìû BASF (Ãåðìàíèÿ).

Íàòðèåâàÿ ñîëü êàïðîëàêòàìà – ìîëåêóëÿð-
íàÿ ìàññà 147,66 ã/ìîëü, 20=1130 êã/ì3, òåìïå-
ðàòóðà ïëàâëåíèÿ 2200Ñ, ìàññîâàÿ äîëÿ îñíîâ-
íîãî âåùåñòâà 99,99%, êâàëèôèêàöèÿ “õ.÷.”,
ïðîèçâîäñòâî ôèðìû Karagin Co (Èðàí).

Ãåêñàìåòèëåíäèèçîöèàíàò – ìîëåêóëÿðíàÿ

ìàññà 168,2 ã/ìîëü, 20=1047 êã/ì3, òåìïåðàòóðà
ïëàâëåíèÿ 670Ñ, ìàññîâàÿ äîëÿ îñíîâíîãî âå-
ùåñòâà 99,99%, êâàëèôèêàöèÿ “õ.÷.”, ïðîèçâîä-
ñòâî ôèðìû Phodia (Ôðàíöèÿ).

Ìåòîäèêà ñèíòåçà
Â ñòåêëÿííûé ÷åòûðåõãîðëûé ðåàêòîð îáúå-

ìîì 500 ìë ñ ìåøàëêîé ââîäèëè íóæíîå êîëè-
÷åñòâî -êàïðîëàêòàìà, íàãðåâàëè åãî äî îáðà-
çîâàíèÿ ðàñïëàâà è òùàòåëüíî ïåðåìåøèâàëè,
ïîñëå ÷åãî ââîäèëè àêòèâàòîð – ãåêñàìåòèëåí-
äèèçîöèàíàò â êîëè÷åñòâå 4 ìàñ.%, îò êîëè÷å-
ñòâà ââåäåííîãî -êàïðîëàêòàìà è êàòàëèçàòîð
– íàòðèåâóþ ñîëü êàïðîëàêòàìà – 4% îò ìàññû
ââåäåííîãî -êàïðîëàêòàìà. Ñìåñü ïåðåìåøèâà-
ëè íà ïðîòÿæåíèè 5 ìèí, ïîñëå ÷åãî ðàñïëàâ
ïîëèìåðà ñëèâàëè íà îõëàäèòåëüíóþ ëåíòó (åñëè
ïðåäïîëàãàëèñü ãðàíóëû) èëè â ôîðìó (åñëè
ïîëó÷àëè áëîê). Ïîëèìåð èç îõëàæäåííîé ëåí-
òû èçìåëü÷àëè è ãðàíóëèðîâàëè íà äâóøíåêî-
âîì ýêñòðóäåðå ZSK (Coperion, Ãåðìàíèÿ). Êðî-
ìå ýòîãî, ïîëó÷àëè áëîêè â âèäå çàãîòîâîê äëÿ
ìåõàíè÷åñêîé îáðàáîòêè çàëèâêîé â ôîðìû. Â
äàëüíåéøèõ èññëåäîâàíèÿõ èñïîëüçîâàëè ãðàíó-
ëèðîâàííûé ïîëèìåð. Äëÿ îöåíêè âðåìåíè èí-
äóêöèîííîãî ïåðèîäà áûëî èññëåäîâàíî âëèÿ-
íèå êîëè÷åñòâà êàòàëèçàòîðà è àêòèâàòîðà íà
âðåìÿ íà÷àëà ïîëèìåðèçàöèè.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ñîñòàâîâ
ðåàêöèîííîé ñìåñè ñðàâíèâàëè ñðåäíåìàññîâóþ
ìîëåêóëÿðíóþ ìàññó ( M


) â èññëåäóåìûõ îá-

ðàçöàõ ÏÀ-6, îïðåäåëÿåìóþ ïî ìåòîäèêå [11,12],
ñî ñðåäíåìàññîâîé ìîëåêóëÿðíîé ìàññîé ïðî-
ìûøëåííîãî ÏÀ-6, ïîëó÷åííîãî ãèäðîëèòè÷åñ-
êîé ïîëèìåðèçàöèåé.

Ñîäåðæàíèå îñòàòî÷íîãî ìîíîìåðà îïðå-
äåëÿëè ÷àñîâûì êèïÿ÷åíèåì îáðàçöà ïîëèìåðà
â âîäå ñ ïîñëåäóþùåé ñóøêîé îáðàçöîâ ïðè 800Ñ
â òå÷åíèå 24 ÷.

Ñîäåðæàíèå îñòàòî÷íîãî ìîíîìåðà (X)
âû÷èñëÿëè ïî ôîðìóëå:

0

0

m m
X

m


 ,

ãäå m0 – ìàññà èñõîäíîãî îáðàçöà, ã; m – ìàññà
îáðàçöà ïîñëå êèïÿ÷åíèÿ è ñóøêè, ã.

Ðåçóëüòàòû è îáñóæäåíèå

Äëÿ îöåíêè âðåìåíè èíäóêöèîííîãî ïåðè-
îäà èññëåäîâàíî âëèÿíèå êîëè÷åñòâà àêòèâàòî-
ðà è êàòàëèçàòîðà íà âðåìÿ íà÷àëà ïîëèìåðèçà-
öèè. Èç ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ äàí-
íûõ (ðèñ. 1, 2) âèäíî, ÷òî ïðè ñîäåðæàíèè àê-
òèâàòîðà è êàòàëèçàòîðà â êîëè÷åñòâå 1% ïðî-
äîëæèòåëüíîñòü èíäóêöèîííîãî ïåðèîäà ñîñòàâ-
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ëÿåò 5 è 8 ìèí, ñîîòâåòñòâåííî.

Ðèñ. 1. Âëèÿíèå êîëè÷åñòâà àêòèâàòîðà íà

ïðîäîëæèòåëüíîñòü èíäóêöèîííîãî ïåðèîäà ïðè

ñîäåðæàíèè êàòàëèçàòîðà 3%

Ðèñ. 2. Âëèÿíèå êîëè÷åñòâà êàòàëèçàòîðà íà

ïðîäîëæèòåëüíîñòü èíäóêöèîííîãî ïåðèîäà ïðè

ñîäåðæàíèè àêòèâàòîðà 3%

Ïðè ñîäåðæàíèè 2 ìàñ.% è âûøå âëèÿíèå
êàòàëèçàòîðà è àêòèâàòîðà ïðàêòè÷åñêè îäèíà-
êîâî. Íàèìåíüøèé èíäóêöèîííûé ïåðèîä íà-
áëþäàåòñÿ ïðè ñîäåðæàíèè àêòèâàòîðà è êàòàëè-
çàòîðà â êîëè÷åñòâå 4 ìàñ.% â èñõîäíîé ðåàêöè-
îííîé ñìåñè. Â òàáëèöå ïðåäñòàâëåíû äàííûå ïî
âëèÿíèþ ñîäåðæàíèÿ àêòèâàòîðà è êàòàëèçàòîðà
íà ñðåäíåìàññîâóþ ìîëåêóëÿðíóþ ìàññó ÏÀ-6.

Íå ìåíåå âàæíûì ïîêàçàòåëåì ýôôåêòèâ-
íîñòè âûáðàííîãî ñîñòàâà ïîëèìåðèçóþùåéñÿ
ñìåñè ÿâëÿåòñÿ ñîäåðæàíèå îñòàòî÷íîãî ìîíî-
ìåðà â îáðàçóþùåìñÿ ïîëèìåðå. Ñðàâíèâàÿ ïðî-
öåññû ãèäðîëèòè÷åñêîé è àíèîííîé ïîëèìåðè-
çàöèè -êàïðîëàêòàìà, íåîáõîäèìî ïîä÷åðêíóòü,
÷òî ïðè ãèäðîëèòè÷åñêîé ïîëèìåðèçàöèè ïîñëå
ïîëó÷åíèÿ ïîëèìåðà èñïîëüçóþò ðÿä ãðîìîçä-
êèõ òåõíîëîãè÷åñêèõ ïðèåìîâ äëÿ ñíèæåíèÿ
ñîäåðæàíèÿ îñòàòî÷íîãî ìîíîìåðà, ÷òî ñóùå-
ñòâåííî óñëîæíÿåò òåõíîëîãèþ ïîëó÷åíèÿ ÏÀ-6.
Ïîýòîìó íàìè òàêæå áûëî èññëåäîâàíî âëèÿ-
íèå êîëè÷åñòâà àêòèâàòîðà è êàòàëèçàòîðà íà
ñîäåðæàíèå â ãîòîâîì ïîëèìåðå îñòàòî÷íîãî
ìîíîìåðà.

Íà ðèñ. 3 ïðèâåäåíû ïîëó÷åííûå ýêñïåðè-
ìåíòàëüíûå äàííûå ïî ñîäåðæàíèþ îñòàòî÷íî-
ãî ìîíîìåðà â îáðàçóþùåìñÿ ïîëèìåðå â çàâè-
ñèìîñòè îò ñîäåðæàíèÿ êàòàëèçàòîðà è àêòèâà-
òîðà. Èç ïîëó÷åííûõ äàííûõ ñëåäóåò, ÷òî óâå-
ëè÷åíèå êîëè÷åñòâà àêòèâàòîðà äî 3–4% ñóùå-
ñòâåííî óìåíüøàåò ñîäåðæàíèå îñòàòî÷íîãî
ìîíîìåðà. Äàëüíåéøåå åãî óâåëè÷åíèå ïðàêòè-
÷åñêè íå îêàçûâàåò âëèÿíèÿ íà ñîäåðæàíèå îñ-
òàòî÷íîãî ìîíîìåðà â ãîòîâîì ïîëèìåðå.

Ðèñ. 3. Çàâèñèìîñòü êîëè÷åñòâà îñòàòî÷íîãî ìîíîìåðà â

îáðàçóþùåìñÿ ïîëèìåðå îò ñîäåðæàíèÿ àêòèâàòîðà ïðè

ðàçëè÷íîì ñîäåðæàíèè êàòàëèçàòîðà â èñõîäíîé ñìåñè:

1 – 1%; 2 – 2%; 3 – 3%; 4 – 4%

Âëèÿíèå ñîäåðæàíèÿ àêòèâàòîðà è êàòàëèçàòîðà íà ñðåäíåìàññîâóþ ìîëåêóëÿðíóþ ìàññó ïîëèàìèäà ÏÀ-6

№ образца 
Содержание 

активатора, % 

Содержание 

катализатора, % 
M


 

1 (промышленный образец, полученный 

гидролитической полимеризацией) 
– – 44985 

2 1 1 28751 

3 2 2 33205 

4 3 3 52532 

5 4 4 52501 
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Èñõîäÿ èç ïîëó÷åííûõ äàííûõ ïðåäïîëî-
æèòåëüíûé ìåõàíèçì àíèîííîé ïîëèìåðèçàöèè
-êàïðîëàêòàìà â ïðèñóòñòâèè ÃÌÄÈ ñëåäóþ-
ùèé:

C (CH2)5 N

O H

O C N (CH2)6 N C O

C (CH2)5 N

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

2 +

.

1. Îáðàçîâàíèå àíèîíà êàòàëèçàòîðà:

.C (CH2)5 N

O H

Na C (CH2)5 N

O

Na+

2. Âçàèìîäåéñòâèå àíèîíà ñ ïðîäóêòîì âçà-
èìîäåéñòâèÿ êàïðîëàêòàìà ñ ÃÌÄÈ (ñõåìà 1).

3. Íåéòðàëèçàöèÿ ïîëó÷åííîãî àíèîíà
-êàïðîëàêòàìîì ñ îáðàçîâàíèåì àìèíîêàïðî-
èëêàïðîëàêòàìà (ñõåìà 2).

4. Ïðèñîåäèíåíèå àíèîíà -êàïðîëàêòàìà
ê àìèíîêàïðîèëêàïðîëàêòàìó (ñõåìà 3).

5. Íåéòðàëèçàöèÿ ïîëó÷åííîãî àíèîíà
-êàïðîëàêòàìà.

6. Äàëüíåéøèé ðîñò öåïè ïî ðåàêöèè ïå-
ðåàìèäèðîâàíèÿ.

Âûâîäû

1. Èññëåäîâàíî âëèÿíèå ñîñòàâà êàòàëèçà-
òîð-àêòèâàòîð (íàòðèåâàÿ ñîëü -êàïðîëàêòàìà,
ãåêñàìåòèëåíäèèçîöèàíàò) íà ðÿä ñâîéñòâ îá-
ðàçóþùåãîñÿ â ïðîöåññå àíèîííîé ïîëèìåðèçà-
öèè ïîëèàìèäà ÏÀ-6: ñðåäíåìàññîâóþ ìîëåêó-
ëÿðíóþ ìàññó ( M


), ïðîäîëæèòåëüíîñòü èíäóê-

öèîííîãî ïåðèîäà, êîëè÷åñòâî îñòàòî÷íîãî ìî-
íîìåðà (ñòåïåíü êîíâåðñèè).

C (CH2)5NH

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

C (CH2)5 N

O

C (CH2)5 NH

O O

C N
H

(CH2)6NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

C (CH2)5 N

O

C (CH2)5 NH

O O

C N
H

(CH2)6NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

C (CH2)5 N

O

+

Ñõåìà 3

Ñõåìà 2

Ñõåìà 1

C (CH2)5 N

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

C (CH2)5 N

O H

C (CH2)5 NH

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

+

C (CH2)5 N

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

Na

C (CH2)5 N

O O

C N
H

(CH2)6 NH C

O

N (CH2)5 C

O

C (CH2)5 N

O

+
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2. Óñòàíîâëåíî, ÷òî îïòèìàëüíûì ñîîòíî-
øåíèåì ìîíîìåð-êàòàëèçàòîð-àêòèâàòîð ÿâëÿ-
åòñÿ ñîäåðæàíèå ÍK è ÃÌÄÈ 3–4 ìàñ.% ïî îò-
íîøåíèþ ê ìàññå ìîíîìåðà. Ïðè ýòîì M



ïîëèìåðà, ïîëó÷åííîãî àíèîííîé ïîëèìåðèçà-
öèåé, ñîñòàâëÿåò 52501–52532, â òî âðåìÿ êàê
M


 ïðîìûøëåííîãî îáðàçöà ÏÀ-6, ïîëó÷åííîãî

ãèäðîëèòè÷åñêîé ïîëèìåðèçàöèåé, ñîñòàâëÿåò
44985.

3. Ïîêàçàíî, ÷òî ïðîöåññ ïîëó÷åíèÿ ÏÀ-6
àíèîííîé ïîëèìåðèçàöèåé ïðîõîäèò ïðàêòè÷åñ-
êè áåç èíäóêöèîííîãî ïåðèîäà. Ïîëó÷åííûé ïî
ðåêîìåíäîâàííûì ñîñòàâàì ïîëèìåð õàðàêòåðè-
çóåòñÿ áîëåå íèçêèì ñîäåðæàíèåì îñòàòî÷íîãî
ìîíîìåðà, ÷òî íå òðåáóåò ãðîìîçäêèõ òåõíîëî-
ãè÷åñêèõ îïåðàöèé ïî åãî óäàëåíèþ, êàê â ãèä-
ðîëèòè÷åñêîé ïîëèìåðèçàöèè.

4. Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ïðåä-
ëîæåíà ïðåäïîëîæèòåëüíàÿ ñõåìà àíèîííîé
ïîëèìåðèçàöèè -êàïðîëàêòàìà â ïðèñóòñòâèè
êàòàëèçàòîðà ÍK è àêòèâàòîðà ÃÌÄÈ.

5. Ïðîâåäåíèå ïðîöåññà àíèîííîé ïîëèìå-
ðèçàöèè å-êàïðîëàêòàìà â ïðèñóòñòâèè èñïîëü-
çóåìîé ñèñòåìû êàòàëèçàòîð-àêòèâàòîð ïðîäîë-
æàåòñÿ 3–4 ìèí ïðè 170±50Ñ. Ïîêàçàíà âîçìîæ-
íîñòü çàâåðøåíèÿ ïðîöåññà ïîëèìåðèçàöèè íå
òîëüêî ãðàíóëÿöèåé ãîòîâîãî ïðîäóêòà, íî è
ïîëó÷åíèåì çàãîòîâîê äëÿ ìåõàíè÷åñêîé îáðà-
áîòêè.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Controlled ring-opening polymerization of -caprolactone

in the presence of layered silicates and formation of nano-

composites / Kubies D., Pantoustier N., Dubois P., Rulmont A.,

Jerome R. // Macromolecules. – 2002. – Vol.35. – No. 9. –

P.3318-3320.

2. Poly(-caprolactone)/clay nanocomposites by in-situ

intercalative polymerization catalyzed by dibutyltin dimethoxide /

Lepoittevin B., Pantoustier N., Devalckenaere M., Alexandre M.,

Kubies D., Calberg C., Jérôme R., Dubois P. // Macromolecules.

– 2002. – Vol.35. – No. 22. – P.8385-8390.

3. Heikens D., Hermans P.H., Smith S. On the rate of

formation of -caprolactam upon equilibration of extracted poly-

-aminocaproic acid polymers // Journal of Polymer Science. –

1959. – Vol.38. – No. 133. – P.265-268.

4. Smith S. The re-equilibration of polycaproamide //

Journal of Polymer Science. – 1958. – Vol.30. – No. 121. –

P.459-478.

5. Volf L.A. Khaityn B.S. Proizvodstvo polikaproamida. –

Moscow: Khimiya, 1977. – 208 p.

6. Grafting of polyamide 6 by the anionic polymerization

of -caprolactam from an isocyanate bearing polystyrene backbone

/ Zhang C.-L., Feng L.-F., Hoppe S., Hu G.-H. // Journal of

Polymer Science Part A: Polymer Chemistry. – 2008. – Vol.46.

– No. 14. – P.4766-4776.

7. Numerical simulation of reactive extrusion processes of

PA6 / Wu L., Jia Y., Sun S., Zhang G., Zhao G., An L. //

Journal of Applied Polymer Science. – 2006. – Vol.103. –

No. 4. – P.2331-2336.

8. Preparation of polyamide 6/silica nanocomposites from

silica surface initiated ring-opening anionic polymerization /

Yang M., Gao Y., He J.P., Li H.M. // eXPRESS Polymer Letters.

– 2007. – Vol.1. – No. 7. – P.433-442.

9. Suteu D., Bilba D., Dan F. Synthesis and characterization

of polyamide powders for sorption of reactive dyes from aqueous

solutions // Journal of Applied Polymer Science. – 2007. –

Vol.105. – No. 4. – P.1833-1843.

10. A novel approach to the preparation of nanoblends of

poly(2,6-dimethyl-1,4-phenylene oxide)/polyamide 6 / Ji Y., Li W.,

Ma J., Liang B. // Macromolecular Rapid Communications. –

2005. – Vol.26. – No. 2. – P.116-120.

11. Stabilization of high molecular weight nylon 6

synthesized by anionic polymerization of -caprolactam / Ueda K.,

Nakai M., Hosoda M., Tai K. // Polymer Journal. – 1996. –

Vol.28. – No. 12. – P.1084-1089.

12.  Ekhsan K.Y.A, Avramenko V.L., Myshurov D.A.

Opredelenie srednemassovoi molekul’yarnoi massy poliamida,

poluchennogo anionnoi polimerizatsiei -kaprolaktama // Visnyk

NTU «KhPI». – 2012. – No. 48. – P.163-167.

Ïîñòóïèëà â ðåäàêöèþ 22.10.18

ÄÎÑË²ÄÆÅÍÍß ÀÍ²ÎÍÍÎ¯ ÏÎË²ÌÅÐÈÇÀÖ²¯
-ÊÀÏÐÎËÀÊÒÀÌÓ IN SITU Ó ÏÐÈÑÓÒÍÎÑÒ²
ÑÈÑÒÅÌÈ ÊÀÒÀË²ÇÀÒÎÐ-ÀÊÒÈÂÀÒÎÐ

Â.Ë. Àâðàìåíêî, Êàðèìè ßçä³ Àì³ð Åõñàí

Ìåòîþ äàíî¿ ðîáîòè áóëî äîñë³äæåííÿ àí³îííî¿ ïîë³ìå-
ðèçàö³¿ -êàïðîëàêòàìó ç âèêîðèñòàííÿì êàòàë³òè÷íî¿ ñèñ-
òåìè, â ÿê³é êàòàë³çàòîðîì áóëà íàòð³ºâà ñ³ëü êàïðîëàêòàìó
(ÍK), à àêòèâàòîðîì – ãåêñàìåòèëåíä³³çîö³îíàò (ÃÌÄ²). Äëÿ
îö³íþâàííÿ òðèâàëîñò³ ³íäóêö³éíîãî ïåð³îäó áóëî äîñë³äæåíî
âïëèâ ê³ëüêîñò³ êàòàë³çàòîðà ³ àêòèâàòîðà íà ÷àñ ïî÷àòêó
ïîë³ìåðèçàö³¿. Áóëî âñòàíîâëåíî, ùî îïòèìàëüíèì ñï³ââ³äíî-
øåííÿì ìîíîìåð–êàòàë³çàòîð–àêòèâàòîð º âì³ñò ÍK ³ ÃÌÄ²
3–4 ìàñ.% (çà â³äíîøåííÿì äî ìàñè ìîíîìåðà). Ïîäàëüøå
çá³ëüøåííÿ âì³ñòó àêòèâàòîðà ïðàêòè÷íî íå âïëèâàº íà
ê³ëüê³ñòü çàëèøêîâîãî ìîíîìåðà â ãîòîâîìó ïîë³ìåð³. Ïðè  öüîìó
ñåðåäíüîìàñîâà ìîëåêóëÿðíà ìàñà ïîë³ìåðó, îäåðæàíîãî àí³îí-
íîþ ïîë³ìåðèçàö³ºþ, ñêëàäàº 52501–52532, â òîé ÷àñ ÿê ñåðåä-
íüîìàñîâà ìîëåêóëÿðíà ìàñà ïðîìèñëîâîãî çðàçêà ÏÀ-6, îäåð-
æàíîãî ã³äðîë³òè÷íîþ ïîë³ìåðèçàö³ºþ, ñòàíîâèòü 44985. Ïî-
êàçàíî, ùî ïðîöåñ îäåðæàííÿ ÏÀ-6 çà äîïîìîãîþ àí³îííî¿ ïîë³-
ìåðèçàö³¿ â³äáóâàºòüñÿ ïðàêòè÷íî áåç ³íäóêö³éíîãî ïåð³îäó.
Îäåðæàíèé çà ðåêîìåíäîâàíèì ñêëàäîì ïîë³ìåð õàðàêòåðè-
çóºòüñÿ á³ëüø íèçüêèì âì³ñòîì çàëèøêîâîãî ìîíîìåðà, ùî íå
âèìàãàº ãðîì³çäêèõ òåõíîëîã³÷íèõ îïåðàö³é ç éîãî âèäàëåííÿ,
ÿê ïðè ã³äðîë³òè÷í³é ïîë³ìåðèçàö³¿. Íà ï³äñòàâ³ îäåðæàíèõ äà-
íèõ íàâåäåíà îð³ºíòîâíà ñõåìà àí³îííî¿ ïîë³ìåðèçàö³¿ -êàïðî-
ëàêòàìó â ïðèñóòíîñò³ êàòàë³çàòîðà ÍK ³ àêòèâàòîðà ÃÌÄ².
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Êëþ÷îâ³ ñëîâà: -êàïðîëàêòàì, ãåêñàìåòèëåí-
ä³³çîö³îíàò, ïîë³ìåðèçàö³ÿ in situ, îñíîâí³ âëàñòèâîñò³
ïîë³ìåðó, êàòàë³òè÷í³ ñèñòåìè.

STUDY ON THE IN SITU ANIONIC POLYMERIZATION
OF -CAPROLACTAM IN THE PRESENCE OF A
CATALYST–ACTIVATOR SYSTEM

V.L. Avramenko a,*, K.Y.A. Ekhsan b

a National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

b Mashhad Adhesive Company, Mashhad, Iran
* e-mail: avramenko@kpi.kharkov.ua

The aim of this work was to study the anionic polymerization
of -caprolactam using a catalytic system in which the catalyst was
the sodium salt of caprolactam (NaÑ) and the activator was
hexamethylene diisocyanate (HMDI). The effect of the amount of
catalyst and activator on the start of polymerization was investigated
to estimate the induction time. It was found that the optimum
monomer-catalyst-activator ratio is achieved at the NaÑ and HMDI
content of 3–4 wt.% (with respect to the weight of the monomer). A
further increase in the content of the activator practically does not
affect the content of residual monomer in the finished polymer. The
average molecular weight of a polymer fabricated by anionic
polymerization is 52501–52532, while the average molecular weight
of an industrial sample PA-6 produced by hydrolytic polymerization
is 44985. It was shown that the process of PA-6 production by anionic
polymerization occurs practically without any induction period. The
polymer fabricated according to the recommended formulations is
characterized by a lower content of residual monomer, which does
not require cumbersome technological operations to remove it, as
compared with a hydrolytic polymerization. On the basis of the
obtained data, a tentative scheme of the anionic polymerization of
-caprolactam in the presence of NaÑ catalyst and HMDI activator
was developed.

Keywords: -caprolactam; hexamethylene diisocyanate; in
situ polymerization; polymer properties; catalytic systems.
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