
Ïîë³ìåðíèé æóðíàë. - 2017. - 39, ¹ 4. - Ñ. 260-270.

© 2017 Â.². Îâ÷àðîâ, Ë.Î. Ñîêîëîâà, Ë.Ð. Þñóïîâà, Â.Ê. Ãðèùåíêî, À.Â. Áàðàíöîâà260

ÓÄÊ 678.044:678.028.2

Âëàñòèâîñò³ ïîë³ä³ºí³â çà íàÿâíîñò³ ÷åòâåðòèííèõ àìîí³ºâèõ
ñîëåé ³ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ ÿê àêòèâàòîð³â
âóëêàí³çàö³¿
Â.². Îâ÷àðîâ1, Ë.Î. Ñîêîëîâà1, Ë.Ð. Þñóïîâà1, Â.Ê. Ãðèùåíêî2, À.Â. Áàðàíöîâà 2

1ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò»
8, ïð. Ãàãàð³íà, Äí³ïðî, 49005, Óêðà¿íà
2²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Ñèíòåçîâàíî íîâ³ ÷åòâåðòèíí³ àìîí³ºâ³ ñîë³ (×ÀÑ) ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ.
Äîñë³äæåíî âïëèâ âèõ³äíèõ ðå÷îâèí äëÿ ñèíòåçó íà åôåêòèâí³ñòü ×ÀÑ ÿê îðãàí³÷íîãî àêòèâàòîðà
ñ³ð÷àíî¿ âóëêàí³çàö³¿. Ïðîâåäåí³ ðåîê³íåòè÷í³ òà ô³çèêî-ìåõàí³÷í³ äîñë³äæåííÿ íåíàïîâíåíèõ
åëàñòîìåðíèõ êîìïîçèö³é íà îñíîâ³ áóòàä³ºí-ìåòèëñòèðîëüíîãî êàó÷óêó ìàðêè ÑÊÌÑ-30 ÀÐÊ,
êîìïîçèö³é ïðîòåêòîðíîãî òèïó íà îñíîâ³ êàó÷óê³â çàãàëüíîãî ïðèçíà÷åííÿ ç ×ÀÑ ó ñêëàä³
ñ³ð÷àíèõ âóëêàí³çóâàëüíèõ ñèñòåì. Äîñë³äæåí³ ×ÀÑ ÿê àëüòåðíàòèâíèé çàì³ííèê ñòåàðèíîâî¿
êèñëîòè çàáåçïå÷óþòü á³ëüø ³íòåíñèâíèé ïðîöåñ ñ³ð÷àíî¿ âóëêàí³çàö³¿ òà âèñîêèé ð³âåíü  ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé âóëêàí³çàò³â.

Êëþ÷îâ³ ñëîâà: êàðáîëàíöþãîâ³ ä³ºíîâ³ êàó÷óêè, åëàñòîìåðí³ êîìïîçèö³¿, àêòèâàö³ÿ ñ³ð÷àíî¿ âóëêàí³çàö³¿,
÷åòâåðòèíí³ àìîí³ºâ³ ñîë³, á³îñèðîâèíè, âëàñòèâîñò³.

Âñòóï.
Îäíèì ç îñíîâíèõ ïðîöåñ³â ïðè âèðîáíèöòâ³ ãóìî-

âèõ âèðîá³â º ïðîöåñ âóëêàí³çàö³¿. Ñêëàä ñó÷àñíî¿ ñ³ð÷à-
íî¿ âóëêàí³çóâàëüíî¿ ñèñòåìè äîâîë³ ñêëàäíèé, ³ â³í, ó
çíà÷í³é ì³ð³, â³äïîâ³äàº çà ôîðìóâàííÿ âëàñòèâîñòåé
ãóìîâèõ ñóì³øåé òà ãóì [1]. Çíà÷íó ðîëü ó ïðîöåñ³ âóë-
êàí³çàö³¿ â³ä³ãðàþòü îðãàí³÷í³ àêòèâàòîðè âóëêàí³çàö³¿
[2]. Òà ó çâ’ÿçêó ç â³äñóòí³ñòþ â³ò÷èçíÿíîãî âèðîáíèöò-
âà îðãàí³÷íèõ àêòèâàòîð³â àêòóàëüíèì ïîñòàº ïèòàííÿ
¿õ ïîøóêó ³ ñèíòåçó ç âèêîðèñòàííÿì â³ò÷èçíÿíî¿ ñèðî-
âèíè òà òåõíîëîã³é.

Ïåðñïåêòèâíèìè ñë³ä ââàæàòè àêòèâàòîðè âóëêàí³-
çàö³¿ ç ïîâåðõíåâî-àêòèâíèìè âëàñòèâîñòÿìè, ÿê³ çäàòí³
íå ëèøå ïîçèòèâíî âïëèâàòè íà ê³íåòèêó òà ñòóï³íü
ñ³ð÷àíî¿ âóëêàí³çàö³¿ ïîë³ä³ºí³â, à é ïîêðàùóâàòè
âëàñòèâîñò³ ãóì ³ âèðîá³â ç íèõ [3, 4]. ßê òàê³ ñïîëóêè
ìîæóòü áóòè âèêîðèñòàí³ ÷åòâåðòèíí³ òà ïîë³÷åòâåð-
òèíí³ àìîí³ºâ³ ñîë³ [5–8]. Àêòóàëüíå âèêîðèñòàííÿ ó
ñêëàäàõ ãóìîâèõ ñóì³øåé òà ãóì ÷åòâåðòèííèõ àìîí³º-
âèõ ñîëåé (×ÀÑ), ïðè îòðèìàíí³ ÿêèõ âèêîðèñòîâóºòü-
ñÿ ïîíîâëþâàíà ñèðîâèíà ðîñëèííîãî ïîõîäæåííÿ
[9, 10].

Ìåòîþ ö³º¿ ðîáîòè áóëè: ñèíòåç ðÿäó íîâèõ ÷åòâåð-
òèííèõ àìîí³ºâèõ ñîëåé ç ñèðîâèíè ðîñëèííîãî ïîõîä-
æåííÿ, äîñë³äæåííÿ ¿õ âïëèâó ÿê îðãàí³÷íèõ àêòèâàòîð³â
íà ê³íåòèêó ñ³ð÷àíî¿ âóëêàí³çàö³¿ òà âëàñòèâîñòåé åëàñ-
òîìåðíèõ êîìïîçèö³é íà îñíîâ³ êàðáîëàíöþãîâèõ
ä³ºíîâèõ êàó÷óê³â çàãàëüíîãî ïðèçíà÷åííÿ.

Åêñïåðèìåíòàëüíà ÷àñòèíà.
Äëÿ âèâ÷åííÿ ìîæëèâîñòåé ðåãóëþâàííÿ âëàñòèâîñ-

òåé ×ÀÑ ÿê àêòèâàòîð³â ñ³ð÷àíî¿ âóëêàí³çàö³¿ ä³ºíîâèõ
êàó÷óê³â ïðîâåäåíî äîñë³äæåííÿ ñèíòåçó òà áóäîâè
×ÀÑ- 1, ×ÀÑ-2, ×ÀÑ-3 òà ×ÀÑ-4, ÿê³ â³äð³çíÿþòüñÿ çà
õ³ì³÷íîþ áóäîâîþ òà ê³ëüê³ñòþ êâàòåðí³çîâàíîãî àçîòó
ó ìîëåêóë³.

Ñèíòåç ×ÀÑ çä³éñíþâàëè øëÿõîì ïîñë³äîâíèõ ïå-
ðåòâîðåíü òàêèõ ðåàãåíò³â (òàáë. 1)

Äëÿ îòðèìàííÿ ×ÀÑ-1, ×ÀÑ-2 òà ×ÀÑ-4 ñèíòåçîâà-
íî òðè³çîö³àíàò ðèöèíîâî¿ îë³¿ (Ò²ÐÎ) øëÿõîì âçàºìîä³¿
ðèöèíîâî¿ îë³¿ ç 2,4- òîëó¿ëåíä³³çîö³àíàòîì (2,4-ÒÄ²) çà
ñõåìîþ:
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Ïåðåá³ã ðåàêö³¿ êîíòðîëþâàëè ìåòîäîì ²×-ñïåêòðî-
ñêîï³¿ ç âèêîðèñòàííÿì ²×- ñïåêòðîôîòîìåòðà ç Ôóð’º
ïåðåòâîðåííÿì «Tensor-37 ô³ðìè “Bruker” çà çìåíøåí-
íÿì ³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ NCO-ãðóï 2270 ñì-1

äî 50 %. Ê³ëüê³ñòü ³çîö³àíàòíèõ ãðóï ó ê³íöåâîìó ïðî-
äóêò³ âèçíà÷àëè òèòðîìåòðè÷íèì ìåòîäîì (NCO =
8,6 %).

Ñèíòåç ôóðôóðèëâì³ñíèõ îë³ãîìåð³â çä³éñíþâàëè
çà ñï³ââ³äíîøåííÿ Ò²ÐÎ òà ôóðôóðèëîâîãî ñïèðòó (ÔÑ)
1:1 òà 1:2 çà ñõåìîþ:

Ðåàãåíòè çì³øóâàëè ó ðîç÷èí³ áåíçîëó, ñïî÷àòêó çà
òåìïåðàòóðè 25–30 °Ñ (ðåàêö³ÿ ³äå ç ðîç³ãð³âîì) çà íà-
ÿâíîñò³ ÿê êàòàë³çàòîðà äèáóòèëäèëàóðåíàòó îëîâà
(ÄÁÄËÎ), ïîñòóïîâî ï³äâèùóþ÷è òåìïåðàòóðó äî
60 °Ñ. Ïåðåá³ã ðåàêö³¿ êîíòðîëþâàëè çà â³äíîñíèì çìåí-
øåííÿì ³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ NCO-ãðóï
2270 ñì-1 â ²×-ñïåêòðàõ, íà 30–35 ³ 60–65 % â³äïîâ³äíî
äî ñï³ââ³äíîøåííÿ ðåàãåíò³â. Ï³ñëÿ çàâåðøåííÿ ðåàêö³¿
îòðèìàí³ ôóðôóðèëóðåòàíä³³çîö³àíàò (ÔÓÄ²ÐÎ) òà äè-
ôóðôóðèëä³óðåòàí³çîö³àíàò (ÄÔÄÓ²ÐÎ) ðèöèíîâî¿ îë³¿
îõîëîäæóâàëè äî ê³ìíàòíî¿ òåìïåðàòóðè. Âì³ñò
NCO-ãðóï âèçíà÷àëè ìåòîäîì òèòðóâàííÿ: çà ñï³ââ³äíî-
øåííÿ Ò²ÐÎ:ÔÑ = 1:1 âì³ñò NCO = 4,60 %, çà ñï³ââ³äíî-
øåííÿ Ò²ÐÎ:ÔÑ = 1:2 âì³ñò NCO = 2,28 %.

×ÀÑ-1 ñèíòåçóâàëè íà îñíîâ³ ÔÓÄ²ÐÎ òà äèáóòèëà-
ì³íó (ÄÁÀ), çà ñï³ââ³äíîøåííÿ ðåàãåíò³â 1:2, ³íòåíñèâ-
íîãî ïåðåì³øóâàííÿ ó ðîç÷èí³ áåíçîëó çà òåìïåðàòó-
ðè 30–60 °Ñ äî çàâåðøåííÿ ðåàêö³¿, ùî âèçíà÷àëè çà
çíèêíåííÿì ñìóãè ïîãëèíàííÿ NCO-ãðóï â ²×-ñïåêò-
ðàõ. Äàë³ äî îòðèìàíîãî ïðîäóêòó äîäàâàëè õëîðèñòèé
áåíçèë. Ðåàêö³éíó ñóì³ø ïåðåì³øóâàëè çà òåìïåðàòó-
ðè 30 °Ñ ïðîòÿãîì 6 ãîä. Ïîò³ì â³äãàíÿëè áåíçîë.

×ÀÑ-2 ³ ×ÀÑ-4 ñèíòåçóâàëè íà îñíîâ³ ÄÔÄÓ²ÐÎ òà
ÔÓÄ²ÐÎ äîäàâàííÿì äèìåòèëåíåòàíîëàì³íó (ÄÌÅÀ),
çà ñï³ââ³äíîøåííÿ ðåàãåíò³â 1:1 òà 1:2, ðåàêö³þ ïðîâî-
äèëè ó áåíçîë³ çà ³íòåíñèâíîãî ïåðåì³øóâàííÿ ñïî-
÷àòêó çà òåìïåðàòóðè 30 °Ñ (ðåàêö³ÿ ³äå ç ðîç³ãð³âîì),
ïîò³ì ï³äâèùóâàëè òåìïåðàòóðó äî 60 °Ñ ³ ïåðåì³øóâàëè

äî çàâåðøåííÿ ðåàêö³¿, ùî âèçíà÷àëè çà çíèêíåííÿì
ñìóãè ïîãëèíàííÿ NCO-ãðóï â ²×-ñïåêòðàõ. Äàë³ äî îò-
ðèìàíèõ ïðîäóêò³â ó â³äïîâ³äí³é ê³ëüêîñò³ äîäàâàëè õëî-
ðèñòèé áåíçèë. Ðåàêö³éíó ñóì³ø ïåðåì³øóâàëè çà òåì-
ïåðàòóðè 30 °Ñ ïðîòÿãîì 6 ãîä. Ïîò³ì â³äãàíÿëè áåíçîë.
Îòðèìàí³ ÷åòâåðòèíí³ àìîí³ºâ³ ñîë³ – â’ÿçê³, ïðîçîð³
ð³äèíè îðàíæåâîãî êîëüîðó, äîáðå ðîç÷èíí³ ó áåíçîë³.

Â ðåçóëüòàò³ áóëè îòðèìàí³ ïðîäóêòè òàêî¿ áóäîâè:

Íàâåäåíà ôîðìóëà â³äïîâ³äàº ×ÀÑ-2, ïîä³áíó áóäî-
âó ìàº ×ÀÑ-4, àëå ç ïîäâ³éíîþ ê³ëüê³ñòþ êâàòåðí³çîâà-
íîãî àçîòó.

Ïåðåá³ã íàâåäåíèõ âèùå ðåàêö³é ï³äòâåðäæåíî ìå-
òîäîì ²×-ñïåêòðîñêîï³¿ (ðèñ. 1).

Íà ðèñ. 1 ïîäàí³ ²×-ñïåêòðè âèõ³äíèõ ðåàãåíò³â: ÔÑ
(ñïåêòð 1), ÄÌÅÀ (ñïåêòð 2), Ò²ÐÎ (ñïåêòð 3) òà ïðî-
äóêòó ¿õ âçàºìîä³¿ (ñïåêòð 4). Ó ñïåêòð³ ÔÑ íàÿâí³ õàðàê-
òåðèñòè÷í³ ñìóãè ôóðôóðîëüíîãî ê³ëüöÿ, à òàêîæ øè-
ðîêà ³íòåíñèâíà ñìóãà ç ìàêñèìóìîì 3350 ñì-1, õàðàê-
òåðíà äëÿ âàëåíòíèõ êîëèâàíü ÎÍ-ãðóï, ñìóãè 1149 ñì-1,
ùî ñòîñóºòüñÿ êîëèâàíü Ñ–Î–Ñ ôóðôóðîëüíîãî ê³ëüöÿ
³ 1010 ñì-1 – äåôîðìàö³éí³ êîëèâàííÿ Ñ–ÎÍ-ãðóï. Â
²×-ñïåêòð³ ÄÌÅÀ ñïîñòåð³ãàºòüñÿ øèðîêà ñìóãà âàëåí-
òíèõ êîëèâàíü âîäíåâîçâ’ÿçàíèõ ÎÍ- òà NH-ãðóï ç äâî-
ìà ìàêñèìóìàìè 3360 ³ 3200 ñì-1 â³äïîâ³äíî. Â ñïåêòð³

Ïîçíà÷åííÿ 
ñïîëóêè 

Âèõ³äí³ ðåàãåíòè äëÿ ñèíòåçó ×ÀÑ 
çà ñï³ââ³äíîøåííÿ: 

×ÀÑ-1 

1 ìîëü òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿, 
1 ìîëü ôóðôóðèëîâîãî ñïèðòó,  
2 ìîë³ äèáóòèëàì³íó, 
2 ìîë³ õëîðèñòîãî áåíçèëó 

×ÀÑ-2 

1 ìîëü òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿, 
2 ìîë³ ôóðôóðèëîâîãî ñïèðòó, 
1 ìîëü äèìåòèëåíåòàíîëàì³íó,  
1 ìîëü õëîðèñòîãî áåíçèëó 

×ÀÑ-3 
1 ìîëü ôóðôóðîëó, 
1 ìîëü äèáóòèëàì³íó, 
1 ìîëü õëîðèñòîãî áåíçèëó 

×ÀÑ-4 

1 ìîëü òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿, 
1 ìîëü ôóðôóðèëîâîãî ñïèðòó,  
2 ìîë³ äèìåòèëåíåòàíîëàì³íó, 
2 ìîë³ õëîðèñòîãî áåíçèëó 

Òàáëèöÿ 1. Ñêëàäîâ³ äëÿ ñèíòåçó äîñë³äíèõ
÷åòâåðòèííèõ àìîí³ºâèõ ñîëåé
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Ò²ÐÎ íàÿâíà ³íòåíñèâíà ñìóãà NÑÎ-ãðóï 2276 ñì-1, ÿêà
ïîñòóïîâî çíèêàº ó ïðîöåñ³ ñèíòåçó ×ÀÑ, âîíà ³ áóëà
âèêîðèñòàíà äëÿ ê³íåòè÷íèõ äîñë³äæåíü öüîãî ïðîöå-
ñó, îñê³ëüêè íå ïåðåêðèâàºòüñÿ ³íøèìè ñìóãàìè. Çì³íè,
ùî â³äáóâàþòüñÿ ó ñïåêòð³ ïðîäóêòó ðåàêö³¿, ó ïî-
ð³âíÿíí³ ç âèõ³äíèìè ðåàãåíòàìè, ï³äòâåðäæóþòü ïå-
ðåá³ã âèùå íàâåäåíèõ ðåàêö³é, à ñàìå: çíèêíåííÿ â ïðî-
öåñ³ ðåàêö³¿ õàðàêòåðèñòè÷íèõ ñìóã ïîãëèíàííÿ âèõ³ä-
íèõ ðåàãåíò³â ³ â³äíîñíå ï³äâèùåííÿ ³íòåíñèâíîñò³ ïî-
ãëèíàííÿ âàëåíòíèõ òà äåôîðìàö³éíèõ êîëèâàíü
NÍ-ãðóï 3332 òà 1536 ñì-1 ³ Ñ=Î 1731 ñì-1, ùî ñâ³ä÷èòü
ïðî óòâîðåííÿ íîâèõ óðåòàíîâèõ ãðóï.

Íà ðèñ. 2 íàâåäåí³ ñïåêòðè: õëîðèñòîãî áåíçèëó
(ñïåêòð 1), ïðîäóêòó âçàºìîä³¿ (Ò²ÐÎ+ÔÑ+ÄÌÅÀ+õëî-
ðèñòîãî áåíçèëó) (ñïåêòð 2), ïðîäóêòó ðåàêö³¿ (Ò²ÐÎ+-
ÔÑ+ÄÌÅÀ) (ñïåêòð 3).

Ïîð³âíÿííÿ ñïåêòð³â 1–3 äàº çìîãó ñïîñòåð³ãàòè ðÿä
çì³í, ÿê³ â³äáóâàþòüñÿ ó ñïåêòð³ ×ÀÑ-2 ó ïîð³âíÿíí³ ç³
ñïåêòðàìè âèõ³äíèõ ñïîëóê : ïîÿâà ó ñïåêòð³ ïðîäóêòó
ðåàêö³¿ ñìóã ïîãëèíàííÿ, õàðàêòåðíèõ äëÿ õëîðèñòîãî
áåíçèëó 3088, 3065 ³ 3032 ñì-1, ùî õàðàêòåðèçóþòü âà-
ëåíòí³ êîëèâàííÿ Ñ–Í áåíçîëüíîãî ê³ëüöÿ, äóáëåòó ç

ìàêñèìóìàìè 698 ³ 678 ñì-1, ÿêèé õàðàêòåðèçóº çâ’ÿçîê
Í–ÑÑl, â ÿêîìó â³äáóâàºòüñÿ ïåðåðîçïîä³ë ³íòåíñèâ-
íîñòåé, ùî ñâ³ä÷èòü ïðî ïåðåá³ã ðåàêö³¿ ³ óòâîðåííÿ
×ÀÑ-2.

Ïîä³áí³ çì³íè â ²×- ñïåêòðàõ â³äáóâàþòüñÿ â ðåçóëü-
òàò³ ñèíòåçó ×ÀÑ-1, ÿêó îòðèìóâàëè øëÿõîì äîäàâàííÿ
2 ìîë³â äèáóòèëàì³íó äî 1 ìîëÿ ïðîäóêòó ðåàêö³¿
(Ò²ÐÎ+ÔÑ çà ñï³ââ³äíîøåííÿ 1:1). Ó ðåçóëüòàò³ îòðèìà-
íî òðèãë³öèäèëóðåòàí, ÿêèé ì³ñòèòü ó ñâîºìó ñêëàä³ äâ³
òðåòèíí³ àì³íîãðóïè, çäàòí³ óòâîðþâàòè ñîëåïîä³áí³
êîìïëåêñè.

Íà îñíîâ³ ôóðôóðîëó òà äèáóòèëàì³íó çà ñï³ââ³äíî-
øåííÿ 1:1 îòðèìàíî ×ÀÑ-3, ñòðóêòóðíó ôîðìóëó ÿêî¿
ìîæíà ïîäàòè òàêèì ÷èíîì:

 OH

CH

CH2

C4H9

C4H9N
Cl+
-

O

Íà ðèñ. 3 íàâåäåí³ ²×-ñïåêòðè: ïðîäóêòó âçàºìîä³¿
ôóðôóðîëó ç ÄÁÀ (ñïåêòð 1); ×ÀÑ-3 (ñïåêòð 2) òà õëî-
ðèñòîãî áåíçèëó (ñïåêòð 3).

ßê âèäíî ç ðèñóíêà, ó ñïåêòð³ 1 íàÿâí³ ñìóãè ïîãëè-
íàííÿ ç ìàêñèìóìàìè 3067 ³ 3135 ñì-1, ïîâ’ÿçàí³ ç âà-
ëåíòíèìè êîëèâàííÿìè ÑÍ-ãðóï ôóðàíîâîãî öèêëó.
Ñèìåòðè÷í³ òà àñèìåòðè÷í³ äåôîðìàö³éí³ êîëèâàííÿ
ôóðàíîâîãî öèêëó ïðîÿâëÿþòüñÿ òàêîæ çà ÷àñòîò 1568,
1474, 1465 ³ 1394 ñì-1, à çà ÷àñòîòè 1021 ñì-1 ïðîÿâëÿþòü-
ñÿ ïîçàïëîùèíí³ êîëèâàííÿ =ÑÍ-ãðóï ôóðàíîâîãî öèê-
ëó. Ó ïîð³âíÿíí³ ç ôóðôóðîëîì, ÿêèé õàðàêòåðèçóºòü-
ñÿ ³íòåíñèâíîþ ñìóãîþ ïîãëèíàííÿ ç äâîìà ìàêñèìó-
ìàìè 1692 ³ 1676 ñì-1 âàëåíòíèõ êîëèâàíü êàðáîí³ëüíî¿
ãðóïè, ìîæíà â³äì³òèòè çìåíøåííÿ ³íòåíñèâíîñò³ ñìó-
ãè ïîãëèíàííÿ òà ¿¿ óøèðåííÿ ç³ çì³ùåííÿì ìàêñèìó-
ìó 1692 äî 1706 ñì-1 òà çáåðåæåííÿì ìàêñèìóìó
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Ðèñ. 1. ²×-ñïåêòðè: 1 – ÔÑ; 2 – ÄÌÅÀ; 3 – Ò²ÐÎ ³
4 – ïðîäóêò âçàºìîä³¿ Ò²ÐÎ+ÔÑ+ÄÌÅÀ
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Ðèñ. 2. ²×- ñïåêòðè: 1 – õëîðèñòèé áåíçèë; 2 – ×ÀÑ-2
(Ò²ÐÎ+ÔÑ+ÄÌÅÀ+õëîðèñòèé áåíçèë çà
ñï³ââ³äíîøåííÿ 1:2:1:1); 3 – ïðîäóêò âçàºìîä³¿
(Ò²ÐÎ+ÔÑ+ÄÌÅÀ çà ñï³ââ³äíîøåííÿ 1:2:1)
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Ðèñ. 3. ²×- ñïåêòðè: 1 – ïðîäóêò âçàºìîä³¿ ôóðôóðîëó
ç ÄÁÀ; 2 – ×ÀÑ-2 (ôóðôóðîë+ÄÁÀ+õëîðèñòèé áåíçèë
çà ñï³ââ³äíîøåííÿ 1:1:1); 3 – õëîðèñòèé áåíçèë
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1676 ñì-1, â³äïîâ³äíî, ùî ñâ³ä÷èòü ïðî ó÷àñòü êàðáî-
í³ëüíî¿ ãðóïè ó ðåàêö³¿ ôóðôóðîëó ç àì³íîì. Ó òîé æå
÷àñ, ïîÿâà øèðîêî¿ ìàëî³íòåíñèâíî¿ ñìóãè ïîãëèíàí-
íÿ â îáëàñò³ 3500–3000 ñì-1 âàëåíòíèõ êîëèâàíü ÎÍ- ÷è
NH-ãðóï ³ âèñîêî³íòåíñèâíî¿ íåñèìåòðè÷íî¿ ñìóãè ç
ìàêñèìóìîì 1551 ñì-1, à òàêîæ ïåðåðîçïîä³ë ³íòåíñèâ-
íîñò³ ñìóã ïîãëèíàííÿ â ³íøèõ îáëàñòÿõ ñïåêòðà âêàçóº
íà á³ëüø ñêëàäíèé ìåõàí³çì ðåàêö³¿, ùî ïîòðåáóº äî-
äàòêîâîãî äîñë³äæåííÿ.

Äðóãó ñòàä³þ ñèíòåçó ×ÀÑ-3 â³äîáðàæàº ²×-ñïåêòð
2, ùî õàðàêòåðèçóº áóäîâó ïðîäóêòó âçàºìîä³¿ ôóðôó-
ðîëó ç àì³íîì ïðè äîäàâàíí³ õëîðèñòîãî áåíçèëó. Ïî-
ÿâà õàðàêòåðèñòè÷íèõ ñìóã ïîãëèíàííÿ Ñ–Í-ãðóï áåí-
çîëüíîãî ê³ëüöÿ 3086, 3064 òà 3032 ñì-1 ³ äóáëåòíî¿ ñìó-
ãè ïîãëèíàííÿ ç ìàêñèìóìàìè 700 ³ 678 ñì-1, ùî õàðàê-
òåðèçóº çâ’ÿçîê Í–ÑCl, à òàêîæ íîâèõ ñìóã ïîãëèíàííÿ
2650, 2552, 2454 òà 1553 ñì-1, õàðàêòåðíèõ äëÿ ³îííèõ
ñïîëóê, îðãàí³÷íèõ ñîëåé, ñâ³ä÷èòü ïðî óòâîðåííÿ
×ÀÑ-3 ç êâàòåðí³çîâàíèì àòîìîì àçîòó â ðåçóëüòàò³
ðåàêö³¿.

Ñë³ä â³äçíà÷èòè, ùî âèñîêà ðåàêö³éíà çäàòí³ñòü ôó-
ðàíîâèõ ñïîëóê, ïîâ’ÿçàíà ç îñîáëèâîñòÿìè ñòðóê-
òóðè ³ ïîë³ôóíêö³îíàëüí³ñòþ ôóðàíîâîãî ê³ëüöÿ, çó-
ìîâëþº ñêëàäí³ñòü ðåàêö³é ç ð³çíèìè ðåàãåíòàìè, ùî

ïîÿñíþºòüñÿ ìîæëèâ³ñòþ ïåðåá³ãó âçàºìîä³¿ ç ð³çíèìè
ðåàêö³éíèìè öåíòðàìè. Òàê, äëÿ ðåàêö³¿ ôóðôóðîëó ç
àì³íîì êð³ì âçàºìîä³¿ êàðáîí³ëüíî¿ ãðóïè ç àì³íîãðó-
ïîþ ìîæëèâèìè º ðåàêö³¿ çà ó÷àñòþ ôóðàíîâîãî ê³ëüöÿ,
ùî ïîòðåáóº äåòàëüíîãî âèâ÷åííÿ ìåõàí³çìó ö³º¿ ðå-
àêö³¿.
Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ.

Äîñë³äæåííÿ âïëèâó ñèíòåçîâàíèõ ×ÀÑ ÿê îðãàí³÷-
íèõ àêòèâàòîð³â âóëêàí³çàö³¿ ïîë³ä³ºí³â ñ³ð÷àíî-ïðèñêî-
ðþâàëüíîþ ñèñòåìîþ íà ôîðìóâàííÿ êîìïëåêñó âëàñ-
òèâîñòåé åëàñòîìåðíèõ êîìïîçèö³é çä³éñíåíî íà îñíîâ³
ãóìîâî¿ ñóì³ø³ ñòàíäàðòíîãî ñêëàäó (ìàñ. ÷.): ñèíòå-
òè÷íèé áóòàä³ºí-ìåòèëñòèðîëüíèé êàó÷óê ìàðêè
ÑÊÌÑ-30 ÀÐÊ (100,0), ñ³ðêà ìåëåíà (2,0), äè-(2-áåíçò³à-
çîë³ë)-äèñóëüô³ä (3,0), îêñèä öèíêó (5,0), ñòåàðèíîâà
êèñëîòà àáî äîñë³äí³ ×ÀÑ (1,5). Îö³íêó âïëèâó âì³ñ-
òó ñèíòåçîâàíèõ ×ÀÑ ó ä³àïàçîí³ 0,75–2,25 ìàñ. ÷. íà
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Ðèñ. 5. Ê³íåòè÷í³ êðèâ³ ñ³ð÷àíî¿ âóëêàí³çàö³¿
åëàñòîìåðíèõ êîìïîçèö³é íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ áåç
îðãàí³÷íîãî àêòèâàòîðà (1), ç³ ñòåàðèíîâîþ êèñëîòîþ
(2) òà ç ÷åòâåðòèííèìè àìîí³ºâèìè ñîëÿìè: ×ÀÑ-1 (3),
×ÀÑ-2 (4), ×ÀÑ-3 (5) ³ ×ÀÑ-4 (6)
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Ðèñ. 4. Ä³àãðàìà çì³íè ïëàñòè÷íîñò³ çà Êàððåðîì
(à) òà òåðìîïëàñòè÷íîñò³ (á) ãóìîâèõ ñóì³øåé íà îñíîâ³
ÑÊÌÑ-30 ÀÐÊ ³ç âì³ñòîì 1,5 ìàñ. ÷. ð³çíèõ òèï³â
îðãàí³÷íèõ àêòèâàòîð³â
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Âëàñòèâîñò³ ïîë³ä³ºí³â çà íàÿâíîñò³ ÷åòâåðòèííèõ àìîí³ºâèõ ñîëåé ³ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ...

100,0 ìàñ. ÷. êàó÷óêó ó ïîð³âíÿíí³ ç ð³âíîìàñîâèì
âì³ñòîì â³äîìîãî îðãàí³÷íîãî àêòèâàòîðà – ñòåàðèíî-
âî¿ êèñëîòè ïðîâåäåíî òàêîæ ó íåíàïîâíåíèõ åëàñòî-
ìåðíèõ êîìïîçèö³ÿõ íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ ðàí³øå
íàâåäåíîãî ñêëàäó. Îö³íþâàííÿ åôåêòèâíîñò³ çàñòîñó-
âàííÿ ×ÀÑ ³ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ âèêî-
íàíî â åëàñòîìåðí³é êîìïîçèö³¿ äëÿ âèãîòîâëåííÿ á³ãî-
âî¿ ÷àñòèíè ïðîòåêòîð³â âàíòàæíèõ ðàä³àëüíèõ øèí íà
îñíîâ³ êîìá³íàö³¿ êàó÷óê³â çàãàëüíîãî ïðèçíà÷åííÿ
ÑÊ²-3 + ÑÊÄ + ÑÊÌÑ-30 ÀÐÊÌ-15 ç ñ³ð÷àíîþ âóëêàí³-
çóâàëüíîþ ñèñòåìîþ çà íàÿâíîñò³ ïðèñêîðþâà÷à ñóëü-
ôåíàì³äíîãî òèïó.

Ìîäåëüí³ ãóìîâ³ ñóì³ø³ âèãîòîâëåí³ íà ëàáîðàòîð-
íèõ âàëüöÿõ Ïä 320 160/160 çà çàãàëüíîïðèéíÿòèìè ìå-
òîäèêàìè. Ãóìîâ³ ñóì³ø³ ïðîòåêòîðíîãî òèïó âèãîòîâ-
ëåí³ â ëàáîðàòîðíîìó ãóìîçì³øóâà÷³ çà äâîñòàä³éíîþ
ñõåìîþ. Âóëêàí³çàö³ÿ çðàçê³â äëÿ âèïðîáóâàíü çä³éñíå-
íà çà îïòèìàëüíèìè ðåæèìàìè íà ã³äðàâë³÷íèõ ïðåñàõ
ç åëåêòðè÷íèì îá³ãð³âîì çà òåìïåðàòóðè 155 °Ñ. Îö³-
íþâàííÿ òåõíîëîã³÷íèõ õàðàêòåðèñòèê ãóìîâèõ ñóì³-
øåé ïðîâåäåíî â³äïîâ³äíî äî ÃÎÑÒ 415-75 (ïëàñ-
òè÷í³ñòü) ³ ÄÑÒÓ ISO 9026:1991 (êîãåç³éíà ì³öí³ñòü).
Âóëêàí³çàö³éí³ ïàðàìåòðè âèçíà÷åíî çà äîïîìîãîþ
ðåîìåòðà «Monsanto 100 S» â³äïîâ³äíî äî ÃÎÑÒ 12535-
84. Ïðóæíüî-ì³öí³ñí³ òà ³íø³ õàðàêòåðèñòèêè ãóì âè-
çíà÷åíî çà ä³þ÷èìè ñòàíäàðòàìè ³ â³äîìèìè ìåòîäèêà-
ìè [6, 11, 12].

Îö³íþþ÷è âïëèâ äîñë³äæåíèõ ×ÀÑ íà òåõíîëîã³÷í³

âëàñòèâîñò³ ãóìîâèõ ñóì³øåé (ðèñ. 4) ñë³ä çàçíà÷èòè,
ùî ×ÀÑ-1, ×ÀÑ-2 òà ×ÀÑ-3 äåùî çíèæóþòü ïëàñ-
òè÷í³ñòü çà Êàððåðîì ãóìîâî¿ ñóì³ø³ çà Ò = 70 °Ñ ïî-
ð³âíÿíî ç êîìïîçèö³ÿìè áåç îðãàí³÷íîãî àêòèâàòîðà òà
ç³ ñòåàðèíîâîþ êèñëîòîþ (ðèñ. 4à). ×ÀÑ-4 ìàº ïîçè-
òèâíèé âïëèâ íà ôîðìóâàííÿ óìîâ ïåðåðîáêè òà çáå-
ð³ãàº ð³âåíü ïîêàçíèêà â³äíîñíî êîíòðîëüíèõ ãóìîâèõ
ñóì³øåé. Òåðìîïëàñòè÷í³ñòü (ðèñ. 4á), ðîçðàõîâàíà ç
óðàõóâàííÿì ðåîìåòðè÷íèõ ïîêàçíèê³â ãóìîâî¿ ñóì³ø³
– ïî÷àòêîâîãî (Ìïî÷.) òà ì³í³ìàëüíîãî (ÌL) ìîìåíò³â
êðóò³ííÿ [11], çì³íþºòüñÿ çà ³íøîþ çàëåæí³ñòþ – ï³äâè-
ùåííÿ òåìïåðàòóðè äî 155 °Ñ çì³íþº âïëèâ àêòèâàòîðà
íà óìîâè ïåðåðîáêè ñóì³ø³, ïîêðàùóþ÷è ¿õ. Ïðè ââå-
äåíí³ ×ÀÑ íà îñíîâ³ òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿, ôóð-
ôóðèëîâîãî ñïèðòó, äèìåòèëåíåòàíîëàì³íó òà õëîðèñ-
òîãî áåíçèëó (×ÀÑ-2, ×ÀÑ-4) ñïîñòåð³ãàºòüñÿ ï³äâèùåí-
íÿ òåðìîïëàñòè÷íîñò³ ãóìîâèõ ñóì³øåé äî 16 % â³äíîñ-
íî êîíòðîëüíî¿ ãóìîâî¿ ñóì³ø³ áåç àêòèâàòîðà òà
äîñÿãàííÿ ð³âíÿ ïîêàçíèêà òåðìîïëàñòè÷íîñò³ ãóìî-
âèõ ñóì³øåé ç³ ñòåàðèíîâîþ êèñëîòîþ.

Òîáòî, ÷åòâåðòèíí³ àìîí³ºâ³ ñîë³ ×ÀÑ-2 òà ×ÀÑ-4 íà
îñíîâ³ òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿ òà äèìåòèëåíåòà-
íîëàì³íó ìàþòü òàêèé æå ïîçèòèâíèé âïëèâ íà ôîð-
ìóâàííÿ òåõíîëîã³÷íèõ âëàñòèâîñòåé ãóìîâèõ ñóì³øåé
íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ, ÿê ³ òðàäèö³éíèé àêòèâàòîð
ñòåàðèíîâà êèñëîòà. Ïåâíå çíèæåííÿ ïëàñòè÷íîñò³ òà
òåðìîïëàñòè÷íîñò³ ãóìîâèõ ñóì³øåé çà íàÿâíîñò³ ×ÀÑ,
â³ðîã³äíî, ïîâ’ÿçàíå ç â³äì³ííîñòÿìè áóäîâè ¿õ ìîëåêóë

Ïîêàçíèê 
Áåç 

îðãàí³÷íîãî 
àêòèâàòîðà 

Ñòåàðèíîâà 
êèñëîòà 

Òèï ÷åòâåðòèííî¿ àìîí³ºâî¿ ñîë³ 

×ÀÑ-1 ×ÀÑ-2 ×ÀÑ-3 ×ÀÑ-4 

Ìàêñèìàëüíèé ìîìåíò êðóò³ííÿ 
(MHF), äÍ·ì 24,2 24,3 23,5 23,5 24,9 22,9 

Â³äíîñíèé ñòóï³íü çøèâàííÿ 
(MHF -ML), äÍ·ì 

20,65 21,20 20,00 20,52 21,20 19,70 

Шâèäê³ñòü âóëêàí³çàö³¿ (Rv), õâ.-1 12,50 17,24 14,71 9,91 45,45 16,67 

Òàáëèöÿ 2. Âïëèâ ×ÀÑ íà âóëêàí³çàö³éí³ âëàñòèâîñò³ íåíàïîâíåíèõ åëàñòîìåðíèõ êîìïîçèö³é íà îñíîâ³
ÑÊÌÑ-30 ÀÐÊ

Ïîêàçíèê 

Áåç 
îðãàí³÷-

íîãî 
àêòèâà-

òîðà 

Òèï ³ êîíöåíòðàö³ÿ îðãàí³÷íîãî àêòèâàòîðà, ìàñ. ÷. 
Ñòåàðèíîâà êèñëîòà ×ÀÑ-1 

0,75 1,50 2,25 0,75 1,50 2,25 

Ì³í³ìàëüíèé ìîìåíò êðóò³ííÿ (ML), 
äÍ·ì 3,55 3,35 3,10 3,40 3,60 3,50 3,50 

Ìàêñèìàëüíèé ìîìåíò êðóò³ííÿ 
(MHF), äÍ·ì 

24,2 24,4 24,3 24,2 23,7 23,5 23,5 

Â³äíîñíèé ñòóï³íü çøèâàííÿ  
(MHF -ML), äÍ·ì 20,65 21,05 21,20 20,80 20,10 20,00 20,00 

×àñ ïî÷àòêó âóëêàí³çàö³¿ (ts), õâ. 4,3 4,2 4,4 4,2 4,5 5,1 6,0 
×àñ äîñÿãíåííÿ îïòèìóìó 
âóëêàí³çàö³¿ (tÑ90), õâ. 11,8 10,0 10,0 9,0 11,0 12,0 13,8 

Шâèäê³ñòü âóëêàí³çàö³¿ (Rv), õâ.-1 12,50 16,67 17,24 20,41 15,15 14,71 11,91 

Òàáëèöÿ 3. Ðåîìåòðè÷í³ ïàðàìåòðè ïðîöåñó ñ³ð÷àíî¿ âóëêàí³çàö³¿ çà òåìïåðàòóðè 155 °Ñ åëàñòîìåðíèõ
êîìïîçèö³é íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ ç ð³çíîþ êîíöåíòðàö³ºþ äîñë³äíèõ îðãàí³÷íèõ àêòèâàòîð³â
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(çíà÷íà ê³ëüê³ñòü àðîìàòè÷íèõ ôðàãìåíò³â) ùîäî ñòåà-
ðèíîâî¿ êèñëîòè ÿê íàñè÷åíî¿ æèðíî¿ êèñëîòè Ñ17Í35ÑÎ-
ÎÍ ç äîâãèì àë³ôàòè÷íèì ëàíöþãîì ó ñòðóêòóð³.

Âïëèâ òèïó ×ÀÑ íà ê³íåòèêó âóëêàí³çàö³¿ êîìïîçèö³é
íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ çà òåìïåðàòóðè 155 °Ñ ³ëþñò-
ðóº ðèñ. 5. ×ÀÑ, ïðè ñèíòåç³ ÿêèõ âèêîðèñòîâóâàëè òðè-
³çîö³àíàò ðèöèíîâî¿ îë³¿, ìàþòü ³äåíòè÷íèé äî ä³¿ ñòåà-
ðèíîâî¿ êèñëîòè âïëèâ íà õàðàêòåð ïåðåá³ãó ê³íåòè÷-
íèõ êðèâèõ ïðîöåñó ñ³ð÷àíî¿ âóëêàí³çàö³¿. Ââåäåííÿ
×ÀÑ-3 íà îñíîâ³ ôóðôóðîëó, äèáóòèëàì³íó òà õëîðèñ-
òîãî áåíçèëó ïðèâîäèòü äî ð³çêîãî ïðèñêîðåííÿ
ïðîöåñó íà âñ³õ ñòàä³ÿõ âóëêàí³çàö³¿ òà ¿¿ ïîãëèáëåííÿ
(òàáë. 2).

Àíàë³ç çíà÷åíü ðîçðàõîâàíèõ ïàðàìåòð³â ñ³ð÷àíî¿
âóëêàí³çàö³¿ – ÷àñó ïî÷àòêó âóëêàí³çàö³¿ (ts) òà îïòèìàëü-
íîãî ÷àñó âóëêàí³çàö³¿ (tC90) (ðèñ. 6) ïîêàçàâ, ùî íàéá³ëüø
áëèçüêîþ äî ä³¿ ñòåàðèíîâî¿ êèñëîòè º ×ÀÑ-1, âèêîðèñ-
òàííÿ ÿêî¿, ÿê ³ ñòåàðèíîâî¿ êèñëîòè, õàðàêòåðèçóºòüñÿ
ãàðíèì ñï³ââ³äíîøåííÿì ð³âíÿ ïîêàçíèê³â ts ³ tC90. Çíà÷-
íî ñêîðî÷óº ÷àñ ïî÷àòêó âóëêàí³çàö³¿ òà ÷àñ äîñÿãíåí-
íÿ îïòèìóìó âóëêàí³çàö³¿ ×ÀÑ-3 íà îñíîâ³ ôóðôóðè-
ëîâîãî ñïèðòó, äèáóòèëàì³íó òà õëîðèñòîãî áåíçèëó –
ó 2,5 òà 3,2 ðàçà â³äïîâ³äíî. Òàêà çì³íà ïàðàìåòð³â ts ³ tC90
ïîçíà÷àºòüñÿ íà øâèäêîñò³ ïåðåá³ãó ïðîöåñó âóëêàí³-
çàö³¿ (òàáë. 2). Â³äì³÷åíå ï³äâèùåííÿ øâèäêîñò³ âóëêà-
í³çàö³¿ ïðè âèêîðèñòàíí³ ×ÀÑ-1, ×ÀÑ-4 (ùîäî êîìïî-
çèö³¿ áåç àêòèâàòîðà) ìàéæå äîñÿãàº ð³âíÿ ïîêàçíèêà Rv
äëÿ êîìïîçèö³é ç³ ñòåàðèíîâîþ êèñëîòîþ. Âèêîðèñòàí-
íÿ ×ÀÑ-3, äî ñêëàäó ÿêî¿ íå âõîäèòü òðè³çîö³àíàò ðèöè-
íîâî¿ îë³¿, ñóïðîâîäæóºòüñÿ ï³äâèùåííÿì øâèäêîñò³ Rv
ó 3,6 ðàçà ïîð³âíÿíî ç êîíòðîëüíîþ ãóìîâîþ ñóì³ø-
øþ áåç îðãàí³÷íîãî àêòèâàòîðà, ó 2,6 ðàçà ïîð³âíÿíî ç
ïîêàçíèêîì ãóìîâî¿ ñóì³ø³ ç ð³âíîìàñîâèì âì³ñòîì

ñòåàðèíîâî¿ êèñëîòè.
Îòæå, ñèíòåçîâàí³ â ðîáîò³ ÷åòâåðòèíí³ àìîí³ºâ³ ñîë³

×ÀÑ-1 ³ ×ÀÑ-4 ç ôðàãìåíòàìè òðè³çîö³àíàòó ðèöèíî-
âî¿ îë³¿ â ñòðóêòóð³ ìàþòü àêòèâóþ÷ó ä³þ íà ïðîöåñ
ñ³ð÷àíî¿ âóëêàí³çàö³¿ ÑÊÌÑ-30 ÀÐÊ, áëèçüêó äî ñòåà-
ðèíîâî¿ êèñëîòè. Ñïîëóêà ×ÀÑ-3 íà îñíîâ³ ôóðôóðî-
ëó, äèáóòèëàì³íó òà õëîðèñòîãî áåíçèëó, ÿêà ìàº çíà÷-
íî ìåíøó ìîëåêóëÿðíó ìàñó òà, â³äïîâ³äíî, á³ëüøó
êîíöåíòðàö³þ ôóíêö³îíàëüíî àêòèâíèõ ÷åòâåðòèííèõ
àìîí³ºâèõ óãðóïóâàíü, ïðèñêîðþº ïðîöåñ âóëêàí³çàö³¿
çíà÷íî ñèëüí³øå, í³æ ³íø³ äîñë³äæåí³ ×ÀÑ àáî ñòåàðè-
íîâà êèñëîòà.

Çà âïëèâîì íà ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ ãóì â
îïòèìóì³ âóëêàí³çàö³¿ çà ð³çíèõ óìîâ âèïðîáóâàíü
(ðèñ. 7) á³ëüø³ñòü ñèíòåçîâàíèõ ×ÀÑ, ùîäî êîíòðîëüíî¿
ãóìè áåç îðãàí³÷íîãî àêòèâàòîðà, ïîçèòèâí³ çà ä³ºþ.
Ñïîëóêà ×ÀÑ-1 ÿê îðãàí³÷íèé àêòèâàòîð âóëêàí³çàö³¿
ÑÊÌÑ-30 ÀÐÊ çàáåçïå÷óº ôîðìóâàííÿ ð³âíÿ ïîêàç-
íèê³â ãóì, íàéá³ëüø áëèçüêèõ äî ñòåàðèíîâî¿ êèñëîòè.

Îö³íêó âïëèâó âì³ñòó äîñë³äæóâàíèõ ó ðîáîò³ ×ÀÑ
íà âëàñòèâîñò³ íåíàïîâíåíèõ åëàñòîìåðíèõ êîìïîçèö³é
íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ ïðîâåäåíî íà ïðèêëàä³ ñïîëó-
êè ×ÀÑ-1. Îñîáëèâ³ñòþ ä³¿ ×ÀÑ-1 ÿê àêòèâàòîðà ñ³ð÷à-
íî¿ âóëêàí³çàö³¿ º òå, ùî ïðè ï³äâèùåíí³ ¿¿ êîíöåíòðàö³¿
â åëàñòîìåðí³é êîìïîçèö³¿ â³äáóâàºòüñÿ çá³ëüøåííÿ
òðèâàëîñò³ ³íäóêö³éíîãî ïåð³îäó âóëêàí³çàö³¿ ³, â³äïî-
â³äíî äî íàõèëó ê³íåòè÷íî¿ êðèâî¿ ó ãîëîâíîìó ïåð³îä³,
çíèæóºòüñÿ øâèäê³ñòü ïðîöåñó ñòðóêòóðóâàííÿ
(ðèñ. 8). Òîä³ ÿê ïðè ï³äâèùåíí³ êîíöåíòðàö³¿ ñòåàðèíî-
âî¿ êèñëîòè â³äáóâàºòüñÿ ñêîðî÷åííÿ ³íäóêö³éíîãî ïå-
ð³îäó òà ï³äâèùóºòüñÿ øâèäê³ñòü ¿õ âóëêàí³çàö³¿.

Àíàë³ç ðåîìåòðè÷íèõ õàðàêòåðèñòèê ïðîöåñó ñ³ð÷à-
íî¿ âóëêàí³çàö³¿ (òàáë. 3) ïîêàçàâ, ùî ââåäåííÿ ×ÀÑ,
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Ðèñ. 7. Ä³àãðàìà çì³íè óìîâíî¿ ì³öíîñò³ ïðè ðîçòÿãóâàíí³ (à) òà â³äíîñíîãî ïîäîâæåííÿ ïðè ðîçðèâ³ (á) ãóì
íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ ³ç âì³ñòîì 1,5 ìàñ. ÷. ð³çíèõ îðãàí³÷íèõ àêòèâàòîð³â
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Âëàñòèâîñò³ ïîë³ä³ºí³â çà íàÿâíîñò³ ÷åòâåðòèííèõ àìîí³ºâèõ ñîëåé ³ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ...

ñèíòåçîâàíî¿ íà îñíîâ³ òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿,
ôóðôóðîëó, äèáóòèëàì³íó òà õëîðèñòîãî áåíçèëó, çà
ð³çíî¿ êîíöåíòðàö³¿, íå ïîã³ðøóº â’ÿçê³ñí³ âëàñòèâîñò³
ãóìîâèõ ñóì³øåé (çà ïîêàçíèêîì ML, òàáë. 3), çáåð³ãàº
â³äíîñíèé ñòóï³íü çøèâàííÿ åëàñòîìåðíî¿ êîìïîçèö³¿
íà ð³âí³ ç³ ñòåàðèíîâîþ êèñëîòîþ. ×àñ ïî÷àòêó (ts) òà
îïòèìàëüíèé ÷àñ âóëêàí³çàö³¿ (tÑ90) ãóìîâèõ ñóì³øåé ç
ï³äâèùåííÿì êîíöåíòðàö³¿ ×ÀÑ-1 ïîñòóïîâî
çá³ëüøóºòüñÿ ùîäî ä³¿ ñòåàðèíîâî¿ êèñëîòè, ùî ïðè-
çâîäèòü äî çíèæåííÿ øâèäêîñò³ âóëêàí³çàö³¿ (òàáë. 3).

Àíàë³ç ô³çèêî-ìåõàí³÷íèõ õàðàêòåðèñòèê ãóì
(òàáë. 4) ïîêàçàâ, ùî â äîñë³äæåíîìó ³íòåðâàë³ êîíöåí-
òðàö³é ÷åòâåðòèííà àìîí³ºâà ñ³ëü ×ÀÑ-1 (ùîäî êîíò-
ðîëüíî¿ ãóìè áåç îðãàí³÷íîãî àêòèâàòîðà) ïîêðàùóº

ð³âåíü ïîêàçíèê³â òà áëèçüêà çà ¿õ ð³âíåì äî ãóì ç³
ñòåàðèíîâîþ êèñëîòîþ. Â íåíàïîâíåíèõ ãóìàõ ç
ÑÊÌÑ-30 ÀÐÊ îïòèìàëüíîþ êîíöåíòðàö³ºþ ñïîëóêè
×ÀÑ-1 òà ñòåàðèíîâî¿ êèñëîòè º 1,5 ìàñ. ÷ íà 100,0 ìàñ. ÷.
êàó÷óêó.

Òîáòî, îö³íþþ÷è âïëèâ êîíöåíòðàö³¿ ÷åòâåðòèííèõ
àìîí³ºâèõ ñîëåé íà ïðèêëàä³ ñïîëóêè ×ÀÑ-1 íà âëàñòè-
âîñò³ íåíàïîâíåíèõ åëàñòîìåðíèõ êîìïîçèö³é âñòàíîâ-
ëåíî, ùî ïðè ï³äâèùåíí³ ¿¿ âì³ñòó â³ä 0,75 äî 2,25 ìàñ. ÷.
íà 100,0 ìàñ. ÷. êàó÷óêó â³äáóâàºòüñÿ óïîâ³ëüíåííÿ ïðî-
öåñó ñ³ð÷àíî¿ âóëêàí³çàö³¿ ÑÊÌÑ-30 ÀÐÊ, ùî â³äð³çíÿº
¿¿ çà ä³ºþ â³ä ñòåàðèíîâî¿ êèñëîòè. ßê ³ ó âèïàäêó âïëè-
âó æèðíèõ êèñëîò [13] âñòàíîâëåíó çàëåæí³ñòü ìîæíà
ïîÿñíèòè íàäëèøêîì ×ÀÑ. Çàêîíîì³ðí³ñòü çì³íè ô³çè-
êî-ìåõàí³÷íèõ ïîêàçíèê³â â³ä âì³ñòó ×ÀÑ ìàº åêñòðå-
ìàëüíèé õàðàêòåð ç ¿õ ìàêñèìóìîì çà âì³ñòó 1,5 ìàñ. ÷.

Äîñë³äæåííÿ åôåêòèâíîñò³ çàñòîñóâàííÿ ×ÀÑ ³ç ñè-
ðîâèíè ðîñëèííîãî ïîõîäæåííÿ â ðåöåïòóð³ ãóìîâî¿
ñóì³ø³ ïðîìèñëîâîãî òèïó çä³éñíåíî íà ïðèêëàä³ åëàñ-
òîìåðíî¿ êîìïîçèö³¿ äëÿ âèãîòîâëåííÿ ïðîòåêòîð³â øèí
çà óìîâè ð³âíîìàñîâî¿ çàì³íè îðãàí³÷íîãî àêòèâàòîðà
ñòåàðèíîâî¿ êèñëîòè íà äîñë³äíó ñïîëóêó ×ÀÑ-1. Âñòà-
íîâëåíî (òàáë. 5), ùî çàì³íà ïðîìèñëîâîãî àêòèâàòîðà
íà äîñë³äíèé íå çíèæóº ð³âåíü òåõíîëîã³÷íèõ âëàñòèâîñ-
òåé ãóìîâî¿ ñóì³ø³ òà íå çì³íþº S-ïîä³áíèé õàðàêòåð
ïåðåá³ãó ñ³ð÷àíî¿ âóëêàí³çàö³¿ ïðîìèñëîâî¿ åëàñòîìåð-
íî¿ êîìïîçèö³¿ çà òåìïåðàòóðè 155 °Ñ (ðèñ. 9).

Ð³âåíü ê³íåòè÷íèõ ïàðàìåòð³â, îòðèìàíèõ çà ðåîìåò-
ðè÷íèìè êðèâèìè âóëêàí³çàö³¿ çà ð³çíèìè ìåòîäèêàìè
[6, 12] (òàáë. 5), âêàçóº íà çáåðåæåííÿ îäíàêîâîãî äëÿ
äâîõ ãóìîâèõ ñóì³øåé ³íäóêö³éíîãî ïåð³îäó âóëêàí³-
çàö³¿ (ïîêàçíèêè ts, t³) òà ÷àñó ïîâíîãî âèòðà÷àííÿ
ïðèñêîðþâà÷à â ïðîöåñ³ çøèâàííÿ (tdis). Öå ñâ³ä÷èòü
ïðî ïîä³áí³ñòü ìåõàí³çìó ñ³ð÷àíî¿ âóëêàí³çàö³¿ íà
ïî÷àòêîâ³é ñòàä³¿ âóëêàí³çàö³¿ – óòâîðåííÿ ä³éñíîãî
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Ðèñ. 8. Ê³íåòè÷í³ êðèâ³ ñ³ð÷àíî¿ âóëêàí³çàö³¿ çà
òåìïåðàòóðè 155 °Ñ íåíàïîâíåíèõ åëàñòîìåðíèõ
êîìïîçèö³é íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ çà ð³çíî¿
êîíöåíòðàö³¿ îðãàí³÷íèõ àêòèâàòîð³â

Ïîêàçíèê 

Áåç 
îðãàí³÷-

íîãî 
àêòèâàòîðà 

Òèï ³ êîíöåíòðàö³ÿ îðãàí³÷íîãî àêòèâàòîðà, ìàñ. ÷. 
Ñòåàðèíîâà êèñëîòà ×ÀÑ-1 

0,75 1,50 2,25 0,75 1,50 2,25 

Óìîâíå íàïðóæåííÿ ïðè 100 %-âîìó 
ïîäîâæåíí³, ÌÏà 0,6 0,8 0,7 0,7 0,6 0,8 0,8 

Óìîâíà ì³öí³ñòü ïðè ðîçòÿãóâàíí³, 
ÌÏà 1,5 1,5 2,4 1,7 1,8 2,2 1,7 

Â³äíîñíå ïîäîâæåííÿ ïðè ðîçðèâ³, % 280 275 330 300 305 330 295 
Òâåðä³ñòü çà Шîðîì À, óì. îä. 52 53 53 54 53 52 52 
Åëàñòè÷í³ñòü çà â³äñêîêîì, % 50 50 48 50 51 48 53 

Òåïëîñò³éê³ñòü çà Ò = 100 °C 
Óìîâíà ì³öí³ñòü ïðè ðîçòÿãóâàíí³, 
ÌÏà 1,3 / 0,87 0,8 / 0,53 1,6 / 0,67 0,8 / 0,47 1,1 / 0,61 1,4 / 0,64 1,3 / 0,76 

Â³äíîñíå ïîäîâæåííÿ ïðè ðîçðèâ³, % 85 / 0,30 50 / 0,18 135 / 0,41 85 / 0,28 90 / 0,30 100 / 0,30 80 / 0,20 
Òåïëîâå ñòàð³ííÿ çà Ò = 100 °C × 12 ãîä. 

Óìîâíà ì³öí³ñòü ïðè ðîçòÿãóâàíí³, 
ÌÏà 

1,3 / 
-13 

1,3/ 
-13 

1,5 / 
-38 

1,4 / 
-18 

1,2 / 
-33 

1,8 / 
-18 

1,6 / 
-6 

Â³äíîñíå ïîäîâæåííÿ ïðè ðîçðèâ³, % 145 145 180 200 160 150 185 

Òàáëèöÿ 4. Ô³çèêî-ìåõàí³÷í³ õàðàêòåðèñòèêè ãóì íà îñíîâ³ ÑÊÌÑ-30 ÀÐÊ çà ð³çíî¿ êîíöåíòðàö³¿ îðãàí³÷íèõ
àêòèâàòîð³â
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àãåíòà âóëêàí³çàö³¿ çà íàÿâíîñò³ ð³çíèõ îðãàí³÷íèõ àêòè-
âàòîð³â. Â³äì³íí³ñòü ä³¿ ×ÀÑ â³ä ñòåàðèíîâî¿ êèñëîòè ïî-
ëÿãàº â ¿¿ á³ëüø âèñîê³é àêòèâíîñò³ â ãîëîâíîìó ïåð³îä³
âóëêàí³çàö³¿. Çà íàÿâíîñò³ ×ÀÑ-1 ï³äâèùóºòüñÿ
øâèäê³ñòü âóëêàí³çàö³¿ á³ëüøå í³æ íà 20 % ³ íà òðåòèíó
– êîíñòàíòà øâèäêîñò³ âóëêàí³çàö³¿ ïðîìèñëîâî¿ ãóìî-
âî¿ ñóì³ø³ (òàáë. 5). Ùî, â³ðîã³äíî, ïîâ’ÿçàíî ç á³ëüø
âèñîêîþ àêòèâí³ñòþ ôóíêö³îíàëüíî àêòèâíèõ óãðóïó-
âàíü ×ÀÑ ó ñêëàä³ ä³éñíîãî àãåíòà âóëêàí³çàö³¿ ùîäî
ñòåàðèíîâî¿ êèñëîòè.

Çàì³íà ñòåàðèíîâî¿ êèñëîòè íà ×ÀÑ ïîçèòèâíî âïëè-
âàº íà ð³âåíü ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé ãóì çà
íîðìàëüíèõ óìîâ, çà òåìïåðàòóðè 100 °Ñ, ï³ñëÿ òåïëî-
âîãî ñòàð³ííÿ (òàáë. 6). ²ñòîòíî ïîêðàùóþòüñÿ äèíàì³÷í³
ïîêàçíèêè ãóì. Òàê, âòîìíà âèòðèâàë³ñòü ãóì ç ×ÀÑ
ïðè áàãàòîðàçîâ³é äåôîðìàö³¿ ïðè 100 %-âîìó ïîäî-
âæåíí³ çà íîðìàëüíèõ óìîâ âèïðîáóâàíü çðîñòàº íà
17 %, à ï³ñëÿ òåïëîâîãî ñòàð³ííÿ (120 °Ñ, 12 ãîä.) –

ìàéæå â äâà ðàçè (òàáë. 6).
Òîáòî, çàñòîñóâàííÿ ñïîëóêè ×ÀÑ-1 çàì³ñòü ñòåà-

ðèíîâî¿ êèñëîòè â ðåöåïòóð³ ãóìîâî¿ ñóì³ø³ ïðîòåê-
òîðíîãî òèïó ïîçèòèâíî âïëèâàº íà ê³íåòèêó ¿õ âóëêàí-
³çàö³¿ â ãîëîâíîìó ïåð³îä³ òà ôîðìóâàííÿ ð³âíÿ ô³çèêî-
ìåõàí³÷íèõ âëàñòèâîñòåé ãóì çà ñòàòè÷íèõ ³ äèíàì³÷-
íèõ óìîâ âèïðîáóâàíü.
Âèñíîâêè.

Îòæå, â ðåçóëüòàò³ âèêîíàíèõ äîñë³äæåíü ñèíòåçî-
âàíèõ çà ðîçðîáëåíèìè ìåòîäèêàìè ÷åòâåðòèííèõ àìî-
í³ºâèõ ñîëåé ç ñèðîâèíè ðîñëèííîãî ïîõîäæåííÿ âñòà-
íîâëåíî, ùî íàéá³ëüø áëèçüêèìè äî ïðîìèñëîâîãî
³ìïîðòíîãî îðãàí³÷íîãî àêòèâàòîðà âóëêàí³çàö³¿
ïîë³ä³ºí³â ñòåàðèíîâî¿ êèñëîòè çà âïëèâîì íà ôîðìó-
âàííÿ òåõíîëîã³÷íèõ, ê³íåòè÷íèõ ³ ô³çèêî-ìåõàí³÷íèõ
õàðàêòåðèñòèê åëàñòîìåðíèõ êîìïîçèö³é º ñïîëóêè,
êîòð³ ìàþòü ó ñâî¿é áóäîâ³ ôðàãìåíòè òðè³çîö³àíàòó
ðèöèíîâî¿ îë³¿ ³ ôóðôóðèëîâîãî ñïèðòó. ×åòâåðòèíí³
àìîí³ºâ³ ñîë³ íà îñíîâ³ ôóðôóðîëó çà âì³ñòó 1,5 ìàñ. ÷.
íà 100,0 ìàñ. ÷. êàó÷óêó ïðèñêîðþþòü âóëêàí³çàö³þ
ïîë³ä³ºí³â íà îñíîâíèõ ñòàä³ÿõ ïðîöåñó íà ð³âí³ ïðè-
ñêîðþâà÷³â.

Ïîêàçàíî, ùî êîíöåíòðàö³éíà çàëåæí³ñòü ôîðìó-
âàííÿ âëàñòèâîñòåé íåíàïîâíåíèõ åëàñòîìåðíèõ êîì-
ïîçèö³é çà íàÿâíîñò³ äîñë³äíèõ ÷åòâåðòèííèõ àìîí³º-
âèõ ñîëåé â³äð³çíÿºòüñÿ â³ä âïëèâó â³äîìîãî àêòèâàòîðà
ñòåàðèíîâî¿ êèñëîòè – ç ï³äâèùåííÿì âì³ñòó ×ÀÑ ó
ìåæàõ 0,75–2,25 ìàñ. ÷. íà 100,0 ìàñ. ÷. êàó÷óêó
ÑÊÌÑ-30 ÀÐÊ ïðîöåñ ñ³ð÷àíî¿ âóëêàí³çàö³¿ óïîâ³ëü-
íþºòüñÿ.

Çàñòîñóâàííÿ ñïîëóêè ×ÀÑ-1, ñèíòåçîâàíî¿ íà îñ-
íîâ³ òðè³çîö³àíàòó ðèöèíîâî¿ îë³¿, ôóðôóðèëîâîãî
ñïèðòó, äèáóòèëàì³íó òà õëîðèñòîãî áåíçèëó çàì³ñòü
ñòåàðèíîâî¿ êèñëîòè â ðåöåïòóð³ ãóìîâî¿ ñóì³ø³ ïðî-
òåêòîðíîãî òèïó çàáåçïå÷óº ÿê³ñíå ñï³ââ³äíîøåííÿ ïà-
ðàìåòð³â ¿¿ ñ³ð÷àíî¿ âóëêàí³çàö³¿ òà ï³äâèùóº ð³âåíü ô³çè-
êî-ìåõàí³÷íèõ âëàñòèâîñòåé.

Ñèíòåçîâàí³ çà â³ò÷èçíÿíèìè ìåòîäèêàìè ç
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Ðèñ. 9. Ê³íåòè÷í³ êðèâ³ ñ³ð÷àíî¿ âóëêàí³çàö³¿
ïðîòåêòîðíèõ åëàñòîìåðíèõ êîìïîçèö³é ç³
ñòåàðèíîâîþ êèñëîòîþ (1) ³ ×ÀÑ-1 (2)

Ïîêàçíèê 
Òèï ³ âì³ñò îðãàí³÷íîãî àêòèâàòîðà,  ìàñ. ÷. 
Ñòåàðèíîâà êèñëîòà  ×ÀÑ-1 

2,0 2,0 
Ïëàñòè÷í³ñòü çà Êàððåðîì, óì. îä. 0,38 0,36 
Åëàñòè÷íå ïîíîâëåííÿ, ìì 0,6 0,7 
Êîãåç³éíà ì³öí³ñòü, ÌÏà 0,19 0,19 
Âóëêàí³çàö³éí³ õàðàêòåðèñòèêè çà Ò = 155 °Ñ: 
÷àñ ïî÷àòêó âóëêàí³çàö³¿ (ts), õâ. 6,7 6,5 
÷àñ äîñÿãíåííÿ îïòèìóìó âóëêàí³çàö³¿ (tC90), õâ. 15,0 13,4 
øâèäê³ñòü âóëêàí³çàö³¿ (Rv), õâ.-1 12,0 14,5 
øâèäê³ñòü âóëêàí³çàö³¿ (Mtc90 – Mts / tC90 - ts), äÍ·ì/õâ. 2,3 2,8 
³íäóêö³éíèé ïåð³îä çøèâàííÿ (ti), õâ. 7,8 7,5 
÷àñ ïîâíîãî âèòðà÷àííÿ ïðèñêîðþâà÷à (tdis), õâ. 9,1 9,0 
êîíñòàíòà øâèäêîñò³ âóëêàí³çàö³¿ (k), õâ.-1 0,15 0,20 

Òàáëèöÿ 5. Òåõíîëîã³÷í³ òà âóëêàí³çàö³éí³ õàðàêòåðèñòèêè ïðîìèñëîâèõ åëàñòîìåðíèõ êîìïîçèö³é íà îñíîâ³
êàó÷óê³â ÑÊ²-3, ÑÊÄ, ÑÊÌÑ-30 ÀÐÊÌ-15 äëÿ âèãîòîâëåííÿ ïðîòåêòîðà øèí ç ð³çíèìè îðãàí³÷íèìè àêòèâàòîðàìè
âóëêàí³çàö³¿
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Ïîêàçíèê 
Òèï ³ âì³ñò îðãàí³÷íîãî àêòèâàòîðà, ìàñ. ÷. 
Ñòåàðèíîâà êèñëîòà  ×ÀÑ-1 

2,0 2,0 
Óìîâíå íàïðóæåííÿ ïðè 300 %-ìó ïîäîâæåíí³ (f300), ÌÏà:         

í.ó.
 

8,4 
 

8,4 
100 °Ñ 7,1 8,1 

100 °Ñ õ 12 ãîä. 12,9 14,2 
100 °Ñ õ 24 ãîä. 13,6 14,2 

Óìîâíà ì³öí³ñòü ïðè ðîçòÿãóâàíí³ (fð), ÌÏà:                            í.ó. 20,6 24,2 
100 °Ñ 11,9 14.0 

100 °Ñ õ 12 ãîä. 19,3 20,4 
100 °Ñ õ 24 ãîä. 18,0 19,4 

Â³äíîñíå ïîäîâæåííÿ ïðè ðîçðèâ³ (ε), %:                                  í.ó. 570 650 
100 °Ñ 490 560 

100 °Ñ õ 12 ãîä. 410 430 
100 °Ñ õ 24 ãîä. 440 450 

Åëàñòè÷í³ñòü (S), óì.îä.:                                                  32 32 
Òâåðä³ñòü (Н), óì.îä. 66 66 

Äèíàì³÷í³ õàðàêòåðèñòèêè 
Âòîìíà âèòðèâàë³ñòü ãóì ïðè áàãàòîðàçîâ³é äåôîðìàö³¿ 
(εäèí.=100 %), òèñ. öèêë³â:                                                            í.ó. 

 
300,5 

 
388,3 

                                                           120 °Ñ õ 12 ãîä. 16,8 33,3 

Òàáëèöÿ 6. Ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ åëàñòîìåðíèõ êîìïîçèö³é íà îñíîâ³ êàó÷óê³â ÑÊ²-3, ÑÊÄ, ÑÊÌÑ-30
ÀÐÊÌ-15 äëÿ âèãîòîâëåííÿ ïðîòåêòîðà øèí ç ð³çíèìè îðãàí³÷íèìè àêòèâàòîðàìè âóëêàí³çàö³¿

ïîíîâëþâàíî¿ â³ò÷èçíÿíî¿ á³îñèðîâèíè ðîñëèííîãî ïî-
õîäæåííÿ ×ÀÑ ìîæóòü áóòè ðåêîìåíäîâàí³ äëÿ ïîäàëü-
øèõ äîñë³äæåíü ó ñêëàäàõ åëàñòîìåðíèõ êîìïîçèö³é äëÿ

Ë³òåðàòóðà
1. Shershnev V.A. O nekotorich aspectach sernoy
vylkanizatsii polidienov [About some aspects of sulfur
vulcanization of polydienes]. Kauchuk I Rezina, 1992, no
3: 17–20. (in Russian).
2. Dontsov A.A. Protsessi stryktyrirovania elastomerov
[Processes of structuring elastomers]. Khimia, Moscow,
1978: 288 (in Russian).
3. Insarova G.V. Vliyanie poverhnostno-aktivnih vestestv
na pererabotky rezinovich smesei I svoistva rezin
[Influence of surface-active substances on processing of
rubber stocks and property of rubbers]. TNIITEneftechim,
Moscow, 1980: 79 (in Russian).
4. Pichugin A.M. Materialovedcheskie aspecti sozdania
shinnich rezin [Aspects of materials science of creation
of tire rubbers]. VPK NPO «Mashinostroenie», Moscow,
2008: 383 (in Russian).
5. Bloch G.A. Organicheskie yskoriteli vylkanizatsii
kaychykov [Organic vulcanization accelerators of
rubbers]. Khimia, Leningrad, 1972: 560 (in Russian).
6. Ovcharov V.I., Burmistr M.V., Tutin V.A., Verbas V.V.,
Smirnov A.G., Naymenko A.P. Svoistva resinovich smesey
i resin: otsenka, regylirovanie, stabilizatsia [Properties of
rubber mixes and rubbers: estimation, regulation,
stabilization]. Izd. dom “SANT-TM”, Moscow, 2001: 400
(in Russian).

7. Ovcharov V.I., Kyzmenko N.Ya., Sokolova L.A.,
Kyzmenko M.O. Vikoristannia modifikovanih polimernich
dobavok v elastomernich kompositsiach na osnovi
dienovich kaychykiv [Use of the modified polymeric
additives in elastomeric compositions on a basis Use of
the modified polymeric additives in elastomeric
compositions on a basis diene rubbers]. Voprosy khimii I
khimicheskoi tekhnologii, 2007, no. 1: 107–112 (in Ukraine).
8. Ovcharov V.I., Sokolova L.A., Grishchenko V.K.,
Barantsova A.V., Bysko N.A. Osoblivosti protsessy
sirchanoi vylkanizatsii polidieniv za nayavnosti
chetvertinnich amonievich soley [Features of process
sulfuric vulcanization of polydienes in the presence of
the quarternary ammonium salt]. Polymeric Journal, 2008,
30, no. 3: 227–232 (in Ukraine).
9. Ovcharov V.I., Sokolova L.A., Matyas O.P.,
Grishchenko V.K., Barantsova A.V. Chetvertinni amonievi
soli z sirovini roslinnogo pohodjennia yak aktivatori
vylkanizatsii tsis-1,4-polyisopreny [Quaternary ammonium
salts synthesized from raw material of a vegetative origin
as activators of vulcanization cis-1,4-polyisoprene].
Voprosy khimii I khimicheskoi tekhnologii, 2010, no. 4:
93–98 (in Ukraine).
10. Ovcharov V.I., Sokolova L.A., Îhtina O.V.,
Grishchenko V.K., Barantsova A.V. Spolyki z

âèãîòîâëåííÿ øèí ³ ãóìîòåõí³÷íèõ âèðîá³â ç ìåòîþ
ðîçøèðåííÿ àñîðòèìåíòó âóëêàí³çàö³éíî-àêòèâíèõ
³íãðåä³ºíò³â òà ³ìïîðòîçàì³ùåííÿ.



Â.². Îâ÷àðîâ, Ë.Î. Ñîêîëîâà, Ë.Ð. Þñóïîâà, Â.Ê. Ãðèùåíêî, À.Â. Áàðàíöîâà

269

kvaternizovannim atomom nitrogen na osnovi biosirovini
v protsessach sirchanoi vylkanizatsii [Compounds with
quaternaries atom of nitrogen based on the bioraw material
in processes of polydiene sulfuric vulcanization].
Polymeric J., 2014, 36, no. 2: 199–206. (in Ukraine).
11. Orlov V.U. Komarov A.M. Liapina L.A. Proisvodstvo i
ispolzovanie technigheskogo ygleroda dlia rezin
[Production and use of technical carbon for rubbers]. Izd.
Aleksandr Rytman, Yaroslavl, 2002: 512 (in Russian).

Ñâîéñòâà ïîëèäèåíîâ, ïîëó÷åííûõ â ïðèñóòñòâèè ÷åòâåðòè÷íûõ
àììîíèåâûõ ñîëåé èç ñûðüÿ ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ êàê
àêòèâàòîðîâ âóëêàíèçàöèè

Â. È. Îâ÷àðîâ1, Ë. Î. Ñîêîëîâà1, Ë. Ð. Þñóïîâà1, Â. Ê. Ãðèùåíêî2, À. Â. Áàðàíöîâà2

1ÄÂÍÇ «Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò»
8, ïð. Ãàãàðèíà, Äíèïðî, 49005, Óêðàèíà
2Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Ñèíòåçèðîâàíû íîâûå ÷åòâåðòè÷íûå àììîíèéíûå ñîëè (×ÀÑ) èç ñûðüÿ ðàñòèòåëüíîãî
ïðîèñõîæäåíèÿ. Èññëåäîâàíî âëèÿíèå èñõîäíûõ âåùåñòâ äëÿ ñèíòåçà íà ýôôåêòèâíîñòü ×ÀÑ
êàê îðãàíè÷åñêîãî àêòèâàòîðà ñåðíîé âóëêàíèçàöèè. Ïðîâåäåíû ðåîêèíåòè÷åñêèå è ôèçèêî-
ìåõàíè÷åñêèå èññëåäîâàíèÿ íåíàïîëíåííûõ ýëàñòîìåðíûõ êîìïîçèöèé íà îñíîâå áóòàäèåí-
ìåòèëñòèðîëüíîãî êàó÷óêà ìàðêè ÑÊÌÑ-30 ÀÐÊ, êîìïîçèöèé ïðîòåêòîðíîãî òèïà íà îñíîâå
êàó÷óêîâ îáùåãî íàçíà÷åíèÿ ñ ×ÀÑ â ñîñòàâå ñåðíûõ âóëêàíèçèðóþùèõ ñèñòåì. Èññëåäîâàííûå
×ÀÑ â êà÷åñòâå àëüòåðíàòèâíîãî çàìåíèòåëÿ ñòåàðèíîâîé êèñëîòû îáåñïå÷èâàþò áîëåå
èíòåíñèâíûé ïðîöåññ ñåðíîé âóëêàíèçàöèè è âûñîêèé óðîâåíü ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ
âóëêàíèçàòîâ.
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Properties of polydienes in the presence of quaternary ammonium salts from
raw materials as vulcanization activators
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One of basic processes of synthesis of rubber goods is vulcanization. In the course of curing organic
vulcanization activators have the significant role. Vulcanization activators with bathotonic properties
capable not only to influence positively kinetics and extent of sulphur vulcanization of polydienes
and to improve properties of rubbers and products from them are considered to be perspective.
The purpose of this work was synthesis of the new quaternary ammonium salts from raw materials of a
vegetable and investigation of their influence as organic activators on the kinetics of sulphur
vulcanization, the properties of elastomeric compositions on the basis of carbon-chain diene rubbers
of general purpose. The new quarternary ammonium salts (QAS) from raw materials have been
synthesized. The structure received quarternary ammonium salts have been confirmed by IR-
spectroscopy. Influence of initial substances for synthesis on effectiveness of QAS as organic activator
of sulphur vulcanization was investigated. Rheokinetic and physic-mechanical researches of unfilled
elastomeric compositions based on the SKMS-30 ARC brand butadiene-methyl styrene rubber
compositions of tire-tread type based on the general-purpose rubbers with QAS as a part of the
sulphuric curing systems was conducted. The investigated QAS as the alternate substitute of stearic
acid provides more intensive process of sulphur vulcanization and a high level of physico-mechanical
properties of cured stocks.

Keywords: carbon-chain diene rubbers, elastomeric compositions, activation of sulphur vulcanization, quaternary
ammonium salts, raw biomaterials, properties.


