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Çàïðîïîíîâàíà ñõåìà ïðîöåñó òà çä³éñíåíî åïîêñèäóâàííÿ íàòóðàëüíîãî êàó÷óêó
ïåðêèñëîòàìè â ñåðåäîâèù³ âîäà-êñèëîë íàôòîâèé â òåðìî³çîëüîâàíîìó ðåàêòîð³.
Äîñë³äæåíî ñêëàä òà äàíå îö³íþâàííÿ ìîæëèâèì øëÿõàì çàñòîñóâàííÿ îäåðæàíèõ
ïðîäóêò³â.

Âñòóï
Ó äàíèé ÷àñ ó ñâ³ò³ îäíèì ç â³äõîä³â âèðîá-

íèöòâà íàòóðàëüíîãî êàó÷óêó º ñêðàï [1], òîáòî
òàêèé âèä êàó÷óêó, ÿêèé íå â³äïîâ³äàº ISO 2000,
÷åðåç òå, ùî ìàº íèçüêó ìîëåêóëÿðíó ìàñó òà
³íø³ â³äõèëåííÿ. Îêð³ì öüîãî, â Óêðà¿í³ íà ôîí³
ïîñò³éíèõ çðîñòàíü ö³í íà íàòóðàëüí³ òà ñèíòå-
òè÷í³ êàó÷óêè àêòóàëüíîþ º ïðîáëåìà óòèë³çàö³¿
íåë³êâ³äíîãî íèçüêîìîëåêóëÿðíîãî íàòóðàëüíî-
ãî êàó÷óêó, ùî çáåð³ãàâñÿ ïîíàä 5 ðîê³â àáî áóâ
âèãîòîâëåíèé ç ïîðóøåííÿìè òåõíîëîã³¿ ³ çàâå-
çåíèé â êðà¿íó. Òàêèé êàó÷óê íå â³äïîâ³äàº íîð-
ìàì [2] ³ òîìó íå ìîæå áóòè çàä³ÿíèé ó ïîäàëü-
øîìó â ãóìîâîìó âèðîáíèöòâ³.

Îäíèì ç ïåðñïåêòèâíèõ íàïðÿì³â âèð³øåí-
íÿ ïèòàííÿ íàêîïè÷åííÿ íåë³êâ³äíèõ êàó÷óê³â º
¿õ ïåðåðîáêà àáî õ³ì³÷íà ìîäèô³êàö³ÿ – ñòâî-
ðåííÿ íîâèõ òèï³â íàòóðàëüíèõ êàó÷óê³â, ùî
ìàþòü ö³ííèé êîìïëåêñ ô³çèêî-õ³ì³÷íèõ ³ òåõ-
íîëîã³÷íèõ âëàñòèâîñòåé [3–6]. Â³äîì³ íàñòóï-
í³ íàïðÿìè ìîäèô³êàö³¿ íàòóðàëüíèõ êàó÷óê³â:
ìîäèô³êàö³ÿ áåç ïðèºäíàííÿ íîâèõ àòîì³â (ã³äðî-
ãåí³çàö³ÿ, öèêë³çàö³ÿ, äåïîë³ìåðèçàö³ÿ [6–8]),
ïðèºäíàííÿ íîâèõ õ³ì³÷íèõ ãðóï (îçîíóâàííÿ,
åïîêñèäóâàííÿ, õëîðóâàííÿ, ã³äðîõëîðóâàííÿ [8–
10]), ïðèºäíàííÿ ³íøîãî ïîë³ìåðó â ìàêðîìî-
ëåêóëó [6,11].

Ïîøèðåíèì íà ïðàêòèö³ ìåòîäîì õ³ì³÷íî¿
ìîäèô³êàö³¿ êàó÷óêó º éîãî åïîêñèäóâàííÿ [6].
×àñòêîâå åïîêñèäóâàííÿ ð³äêîãî êàó÷óêó íàäàº
âèðîáàì ç íüîãî âèñîêó ìàñëîñò³éê³ñòü, ï³äâè-
ùåíó àäãåç³þ, ãàçîíåïðîíèêí³ñòü, òåìïåðàòóðó
ñêëóâàííÿ, ïîêðàùåíó çíîñîñò³éê³ñòü, äåìïôó-
þ÷³ ³ â’ÿçêîïðóæí³ âëàñòèâîñò³, çíèæåíèé îï³ð
êî÷åííþ, ï³äâèùåíå «ìîêðå» ç÷åïëåííÿ, ïîêðà-
ùåíó ñóì³ñí³ñòü ç ïîëÿðíèìè ïîë³ìåðàìè. Ö³
õàðàêòåðèñòèêè äîçâîëÿþòü âèêîðèñòîâóâàòè
ìîäèô³êîâàíèé êàó÷óê ÿê ³íãðåä³ºíò ãóìîâèõ
âèðîá³â ç ïîêðàùåíèìè âëàñòèâîñòÿìè, íàïðèê-

ëàä: êëå¿, ãåðìåòèêè, âèðîáè ñïåö³àëüíîãî ïðè-
çíà÷åííÿ, ïîêðèòòÿ äëÿ çàõèñòó îáëàäíàííÿ â³ä
êîðîç³¿ ïðè éîãî òðàíñïîðòóâàíí³ àáî êîíñåð-
âàö³¿ [5,11–13].

Â³äîìî, ùî åïîêñèäîâàíèé íàòóðàëüíèé
êàó÷óê ìîæå áóòè îäåðæàíèé âçàºìîä³ºþ íèçü-
êî¿ êîíöåíòðàö³¿ ìóðàøèíî¿ êèñëîòè ç íåâåëè-
êèì íàäëèøêîì ïåðîêñèäó âîäíþ, áåç ïîá³÷íèõ
ðåàêö³é. Íà ì³ñö³ åïîêñèäóâàííÿ ïðîò³êàþòü äâ³
ðåàêö³¿ [14,15]:

HCOOH + H2O2 HCOOOH + H2O ; (1)

HCOOOH +

O
+ HCOOH

. (2)

Â³äîì³ íàñòóïí³ åòàïè òà îñîáëèâîñò³ ö³º¿
ðåàêö³¿ [3,14]: íà ïåðøîìó åòàï³ ìóðàøèíà êèñ-
ëîòà âçàºìîä³º ç ïåðîêñèäîì âîäíþ ç óòâîðåí-
íÿì íàä ìóðàøèíî¿ êèñëîòè (ÍÑÎÎÎÍ), ÿêà äàë³
âèêîðèñòîâóºòüñÿ ÿê îêèñíþâà÷; öÿ ðåàêö³ÿ º
ë³ì³òóþ÷îþ ñòàä³ºþ ïðîöåñó ìîäèô³êàö³¿; íà
äðóãîìó åòàï³ ìîäèô³êàö³¿ ðîç÷èí êàó÷óêó âçàº-
ìîä³º ç íàäìóðàøèíîþ êèñëîòîþ; íàäìóðàøè-
íà êèñëîòà ñõèëüíà äî ðåàêö³¿ ç êàó÷óêîì ïî
ïîäâ³éíèì çâ’ÿçêàì óçäîâæ îñíîâíîãî ëàíöþãà
ìîëåêóëè, öå ïðèçâîäèòü äî çàì³ùåííÿ ÷àñòèíè
ïîäâ³éíèõ çâ’ÿçê³â åïîêñèäíîþ ãðóïîþ; ñóì³ø
ïîâèííà áåçïåðåðâíî ïåðåì³øóâàòèñü äî ê³íöÿ
ïðîöåñó; ï³ä ÷àñ äðóãîãî åòàïó ó õîä³ ðåàêö³¿ çíîâó
óòâîðþºòüñÿ ìóðàøèíà êèñëîòà, àëå øâèäê³ñòü
ðåàêö³¿ íàäìóðàøèíî¿ êèñëîòè ç êàó÷óêîì
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á³ëüøà, í³æ øâèäê³ñòü ¿¿ ôîðìóâàííÿ íà ì³ñö³
åïîêñèäóâàííÿ, òîìó ïðîöåñ øâèäêî äîñÿãàº
ñòàö³îíàðíîãî ñòàíó, çà ÿêîãî øâèäê³ñòü óòâî-
ðåííÿ íàäìóðàøèíî¿ êèñëîòè äîð³âíþº øâèä-
êîñò³ ¿¿ ñïîæèâàííÿ. Øâèäê³ñòü ðåàêö³¿ ìîæå
áóòè çá³ëüøåíà, ïðè ï³äâèùåíí³ òåìïåðàòóðè äî
500Ñ ³ íàãð³âàíí³ ïðîòÿãîì 10–12 ãîä. Òàêèì
÷èíîì ìîæå áóòè äîñÿãíóòèé âì³ñò åïîêñèäîâà-
íèõ ëàíîê áëèçüêî 50 ìîëü.% [14].

Ñï³ââ³äíîøåííÿ îêñèäó âîäíþ ³ ëàíîê ³çî-
ïðåíó â ëàíöþç³ ïîë³ìåðó âèçíà÷àº ñòóï³íü åïîê-
ñèäóâàííÿ íåíàñè÷åíèõ ãðóï. Øâèäê³ñòü ïðî-
öåñó ìîæíà çá³ëüøèòè øëÿõîì ï³äâèùåííÿ
âì³ñòó íàäêèñëîòè, çàáåçïå÷óþ÷è òàêèì ÷èíîì
á³ëüøó ê³ëüê³ñòü åïîêñèäîâàíèõ ãðóï (äî
15 ìîëü.% àáî âèùå) âçäîâæ ëàíöþãó åïîêñèäî-
âàíîãî êàó÷óêó. Óòâîðåíèé åïîêñèäîâàíèé êàó-
÷óê ìàº ìàòè êðàù³ àäãåç³éí³ âëàñòèâîñò³, í³æ
ð³äêèé êàó÷óê ÷åðåç ïðèñóòí³ñòü åïîêñèäíèõ ãðóï
òà â³äð³çíÿºòüñÿ êîëüîðîì ðîç÷èíó [14].

Åêñïåðèìåíòàëüíà ÷àñòèíà
Íàìè áóëî çàïðîïîíîâàíî ð³øåííÿ ïðîáëå-

ìè ïåðåðîáëåííÿ íåòîâàðíîãî íàòóðàëüíîãî êà-
ó÷óêó øëÿõîì âçàºìîä³¿ éîãî ðîç÷èíó â îðãàí³-
÷íîìó ðîç÷èííèêó ç åïîêñèäóþ÷èì àãåíòîì. ßê
îðãàí³÷íèé ðîç÷èííèê áóâ îáðàíèé êñèëîë íà-
ôòîâèé, ÿê åïîêñèäóþ÷³ àãåíòè âèáðàí³ ïåðîê-
ñèä âîäíþ òà ìóðàøèíà êèñëîòà. Çìîäåëüîâàíà
ñõåìà åïîêñèäóâàííÿ êàó÷óêó â ñóì³ø³ âîäà–êñè-
ëîë (ðèñ. 1), ÿêà âèïðîáóâàíà â ëàáîðàòîðíèõ
óìîâàõ.

Ðèñ. 1. Ñõåìà ïðîâåäåííÿ ïðîöåñó åïîêñèäóâàííÿ

Äîñë³äæåííÿ ïðîöåñó åïîêñèäóâàííÿ
çä³éñíþâàëè ç âèêîðèñòàííÿì íàòóðàëüíîãî êà-
ó÷óêà ìàðêè SVR (âèðîáíèöòâà Â’ºòíàìó) ç ñå-
ðåäíüîâ’ÿçê³ñíîþ ìîëåêóëÿðíîþ ìàñîþ áëèçü-
êî 300 òèñ. Íàòóðàëüíèé êàó÷óê ïîäð³áíþâàëè
òà ðîç÷èíÿëè â êñèëîë³ íàôòîâîìó äî êîíöåí-
òðàö³¿ êàó÷óêó 10–13 ìàñ.%. ßê êîìïîíåíòè
ñóì³ø³ äëÿ åïîêñèäóâàííÿ âèêîðèñòîâóâàëè 3%-
íèé âîäíèé ðîç÷èí ïåðîêñèäó âîäíþ ³ 65%-íèé
âîäíèé ðîç÷èí ìóðàøèíî¿ êèñëîòè. Ê³ëüê³ñòü
êîìïîíåíò³â ó ñóì³ø³ áðàëè ó ðîçðàõóíêó íà
5 ìàñ.% åïîêñèäóâàííÿ êàó÷óêó òà íà 14,5 ìàñ.%
åïîêñèäóâàííÿ êàó÷óêó (ç íàäëèøêîì ìóðàøè-
íî¿ êèñëîòè). Ìàñîâèé ñêëàä ñóì³øåé íàâåäå-
íèé ó òàáëèö³.

Ïðîöåñ åïîêñèäóâàííÿ çä³éñíþâàëè â òðè-
ãîðë³é êîëá³, ÿêà ìàëà òåïëîâó ³çîëÿö³þ äëÿ çà-
ïîá³ãàííÿ òåïëîâèõ âòðàò â íàâêîëèøíº ñåðåäî-
âèùå òà ïîòðàïëÿííÿ ïðÿìèõ ñîíÿ÷íèõ ïðîìåí³â.
Êîëáà ì³ñòèëà ðîç÷èí íàòóðàëüíîãî êàó÷óêó ³
âîäí³ ðîç÷èíè îêñèäó âîäíþ ç ìóðàøèíîþ êèñ-
ëîòîþ. Êîëáà ï³ä³ãð³âàëàñü åëåêòðîïëèòêîþ, îá-
ëàäíàíîþ ËÀÒÐîì äëÿ ðåãóëþâàííÿ òåìïåðàòó-

ðè. Äëÿ êîíäåíñàö³¿ ïàðè âîäè ³ ïîâåðíåííÿ ¿¿
äî êîëáè íà âèõîä³ ç íå¿ çíàõîäèâñÿ çâîðîòíèé
âîäÿíèé õîëîäèëüíèê òèïó òðóáà ó òðóá³. Äëÿ
íàãëÿäó çà òåìïåðàòóðîþ ó ðîç÷èí³ â êîëá³ âè-
êîðèñòîâóâàëè ðòóòíèé òåðìîìåòð ç ïîõèáêîþ
âèì³ðþâàííÿ 0,50Ñ.

Ñêëàä ñóì³ø³ äëÿ ìîäèô³êàö³¿

Концентрація компонентів у 
розчині, мас.% Речовина для 5%-го 

епоксидування 
для 14,5%-го 
епоксидування 

Каучук 11,58 8,17 
Ксилол 78,17 69,96 
Пероксид водню 0,29 0,59 
Мурашина кислота 0,39 1,38 
Вода 9,57 19,90 
Всього 100,00 100,00 

Ñóòí³ñòü ïðîöåñó åïîêñèäóâàííÿ â òàêîìó
ðàç³ ïîëÿãàëà ó äîñòàâö³ åïîêñèäóþ÷îãî àãåíòó
äî êàó÷óêó ³ ïåðåì³øóâàíí³ ðîç÷èíó áàðáîòóâàí-
íÿì. Ðåàêö³éíà ñóì³ø ó â³äïîâ³äíîñò³ äî ãóñòè-
íè ðîçä³ëÿëàñü íà äâà øàðè: íà äí³ êîëáè çíàõî-
äèâñÿ âîäíèé ðîç÷èí åïîêñèäóþ÷èõ ðåàãåíò³â,
íàä íèì ðîç÷èí êàó÷óêó. Óòâîðåííÿ íàäêèñëîòè
ïðîò³êàëî â³äðàçó ó âîäíîìó ðîç÷èí³. Ïðè íà-
ãð³âàíí³ âîäà âèïàðîâóâàëàñü ³ áàðáîòóâàëà ÷å-
ðåç øàð ðîç÷èíó, ³íòåíñèâíî ïåðåì³øóþ÷è éîãî
ç óòâîðåííÿì ï³ííîãî øàðó, ñïðèÿþ÷è ïîòðàï-
ëÿííþ åïîêñèäóþ÷îãî ðåàãåíòó ÷åðåç øàð ðîç-
÷èíó êàó÷óêó. Ðåàêö³¿ åïîêñèäóâàííÿ, ã³äðîêñè-
ëþâàííÿ òà ³íø³ ïîá³÷í³ ðåàêö³¿ ç êàó÷óêîì ïðî-
ò³êàëè íà ïîâåðõí³ ðîçä³ëó ôàç ó ï³í³.

Ï³ä ÷àñ âèêîíàííÿ äîñë³äó ñåðåäíÿ òåìïå-
ðàòóðà ó êîëá³ ñòàíîâèëà 93,80Ñ. ×àñ ïðîò³êàííÿ
ïðîöåñó, áåç óðàõóâàííÿ ï³ä³ãð³âó òà îõîëîäæåí-
íÿ, ñòàíîâèâ 5 ãîäèí. Ó ê³íö³ ïðîöåñó ðîç÷èí
çì³íèâ ñâ³é êîë³ð äî æîâòóâàòî-á³ëîãî, ùî
ñâ³ä÷èòü ïðî ïåðåá³ã õ³ì³÷íîãî ïðîöåñó ó ðîç-
÷èí³ êàó÷óêó; âîäíåâèé ïîêàçíèê ó ïåðøîìó
ðîç÷èí³ ñêëàâ ðÍ=7, ó äðóãîìó – ðÍ=6,4 çà ðà-
õóíîê á³ëüøî¿ íàâàæêè ìóðàøèíî¿ êèñëîòè.

Àíàë³òè÷íà ÷àñòèíà
Ñòóï³íü åïîêñèäóâàííÿ ïðîäóêòó âèçíà÷à-

ëè ÷åðåç äîäàâàííÿ ñîëÿíî¿ êèñëîòè ç îäåðæàí-
íÿì õëîðã³äðèíó òà òèòðóâàííÿì çàëèøêîâî¿ êèñ-
ëîòè çà ìåòîäèêîþ [16]. Äî îäåðæàíîãî ðîç÷èíó
åïîêñèäîâàíîãî íàòóðàëüíîãî êàó÷óêó äîäàâàëè
åòèëîâèé ñïèðò òà êèï’ÿòèëè, ï³ñëÿ ÷îãî òèòðó-
âàëè, âèçíà÷àþ÷è êèñëîòí³ñòü ïðîäóêòó çà ìå-
òîäèêîþ [17]. Äëÿ âèçíà÷åííÿ ñòóïåíÿ ïðîò³êàí-
íÿ ïîá³÷íèõ ðåàêö³é âèçíà÷àëè çì³íó êîíöåí-
òðàö³¿ ïîäâ³éíèõ çâ’ÿçê³â ÷åðåç ãàëîãåíóâàííÿ
áðîìèñòèì éîäîì. Âèçíà÷åííÿ íåíàñè÷åíîñò³
áàçóºòüñÿ íà ïðèºäíàíí³ ãàëî¿äó äî êàó÷óêó, ÿêèé
çíàõîäèòüñÿ ó âèãëÿä³ ðîç÷èíó â ÷îòèðèõëîðèñ-
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òîìó âóãëåö³ [18]. ßê ³ î÷³êóâàëîñü, êèñëîòí³ñòü
ïåðøîãî çðàçêà çà ÊÎÍ ó ïåðø³é ñóì³ø³ áóëà â
2,4 ðàçè íèæ÷å, í³æ â äðóãîìó. Ó ïåðø³é ñóì³ø³
çìåíøåííÿ íåíàñè÷åíîñò³ êàó÷óêó ñêëàëî 5,76%,
çàì³ñòü ïðîãíîçîâàíèõ 5%, ùî ñâ³ä÷èòü ïðî ïðî-
ò³êàííÿ äîäàòêîâî ïîá³÷íèõ ðåàêö³é çà ïîäâ³éíè-
ìè çâ’ÿçêàìè. Âèçíà÷åííÿ ê³ëüêîñò³ åïîêñèäíèõ
ãðóï çà çàçíà÷åíîþ âèùå ìåòîäèêîþ íå äàëî ðå-
çóëüòàò³â, ùî ïîâ’ÿçàíî ç ìàëîþ òî÷í³ñòþ ìåòî-
äèêè äëÿ íèçüêîãî ñòóïåíÿ åïîêñèäóâàííÿ. Ó
äðóã³é ñóì³ø³ ñòóï³íü åïîêñèäóâàííÿ òà ïîêàç-
íèê íåíàñè÷åííîñò³ ñêëàëè 8,19 òà 10,28%, â³äïî-
â³äíî, çàì³ñòü ïðîãíîçîâàíèõ 14,5%, ùî ñâ³ä÷èòü
ïðî íåïîâíèé ïåðåá³ã ïðîöåñó åïîêñèäóâàííÿ
òà íåçíà÷íèé ñòóï³íü ïðîò³êàííÿ ïîá³÷íèõ ðå-
àêö³é. Î÷åâèäíî, ùî ç³ çðîñòàííÿì êîíöåíòðàö³¿
ðåàãåíò³â çìåíøóºòüñÿ ê³íöåâèé ñòóï³íü ïåðå-
òâîðåííÿ, ³ çðîñòàº ÷àñ, íåîáõ³äíèé íà ïðîò³êàí-
íÿ ðåàêö³é.

ßê³ñíå îö³íþâàííÿ îäåðæàíîãî ïðîäóêòó
âèêîíóâàëè ìåòîäîì ²×-ñïåêòðîñêîï³¿. Òîâùè-
íà ïë³âêè ïðè îòðèìàíí³ ²×-ñïåêòð³â ñêëàëà
40 ìêì, ñïåêòðè çí³ìàëèñü ó øèðîêîìó ä³àïà-
çîí³ äîâæèí õâèëü. Ñïåêòð âèêîðèñòàíîãî â ïðî-
öåñ³ äîñë³äæåíü êàó÷óêó íàâåäåíî íà (ðèñ. 2,à).
Ñïåêòðè ïðîäóêò³â 5%-ãî òà 14,5%-ãî åïîêñèäó-
âàííÿ ïîêàçàí³ íà (ðèñ. 2,á-â) â³äïîâ³äíî.

Àíàë³çóþ÷è ²×-ñïåêòðè, ìîæíà çðîáèòè
íèçêó íàñòóïíèõ âèñíîâê³â. Ïåðø çà âñå ñïîñòå-
ð³ãàºìî ñìóãè ïðîïóñêàííÿ ïðè 1680–1620 ñì–1,
ÿê³ â³äïîâ³äàþòü âàëåíòíèì êîëèâàííÿì ïî-
äâ³éíèõ çâ’ÿçê³â Ñ=Ñ ó 1,4-öèñ òà 3,4 ïîëîæåíí³,
ùî íàêëàäàþòüñÿ, óòâîðþþ÷è îäíó ñìóãó ïðî-
ïóñêàííÿ [19–21]. Çìåíøåííÿ ñìóã ïðîïóñêàí-
íÿ ñâ³ä÷èòü, ùî ê³ëüê³ñòü ïîäâ³éíèõ çâ’ÿçê³â ó
õîä³ äîñë³ä³â çìåíøèëàñü, íàéá³ëüøå ó õîä³ äðó-
ãîãî äîñë³äó, ùî º äîêàçîì ïðîò³êàííÿ ðåàêö³é
ïðèºäíàííÿ. Ïðîïóñêàííÿ â ñïåêòð³ äðóãîãî äîñ-
ë³äó ïðè 1666 ñì–1 òà 1600 ñì–1 ñâ³ä÷àòü ïðî
á³ëüøó ñõèëüí³ñòü äî åïîêñèäóâàííÿ 1,4-, í³æ
3,4- ³çîïðåíîâèõ ëàíîê. Âàëåíòíèì êîëèâàííÿì,
àñèìåòðè÷íèì ³ ñèìåòðè÷íèì ïîãëèíàííÿì
åïîêñèäíîãî ê³ëüöÿ â³äïîâ³äàº ïðîì³æîê 950–
840 ñì–1 [3,19–22], òà çá³ëüøåííÿ ñìóãè ïîãëè-
íàííÿ ïðè 1250 ñì–1 âíàñë³äîê íàêëàäàííÿ
[21,23]. Îòæå ï³ê íà 921 ñì–1 ïðîäóêòó äðóãîãî
äîñë³äó, ï³ê íà 840 ñì–1 ïðîäóêòó ïåðøîãî äîñ-
ë³äó òà ïîãëèáëåííÿ âíàñë³äîê íàêëàäàííÿ ï³ê³â
1204, 1209 ñì–1 ñâ³ä÷èòü ïðî ïðèñóòí³ñòü íåâåëè-
êî¿ ê³ëüêîñò³ åïîêñèäíèõ ãðóï ³ îçíà÷àº óñï³øíå
åïîêñèäóâàííÿ êàó÷óêó. Òàêîæ ó ñïåêòð³ çðàçêà,
îòðèìàíîãî ó ïåðøîìó äîñë³ä³, ïðèñóòí³é ï³ê íà
1729 ñì–1, ùî â³äïîâ³äàº âàëåíòíèì êîëèâàííÿì
êèñëîòíèõ êàðáîí³ëüíèõ ãðóï êåòîííîãî òà àëü-
äåã³äíîãî òèïó [21–24]. Êð³ì öüîãî ïðèñóòí³ ï³êè
1542 òà 1400 ñì–1, ÿê³ â³äïîâ³äàþòü âàëåíòíèì
ñèìåòðè÷íèì ³ àñèìåòðè÷íèì êîëèâàííÿì êèñ-
ëîòíèõ ê³íöåâèõ ãðóï [19]. Öå ñâ³ä÷èòü ïðî ðîç-
ðèâ ëàíöþãà ïî ïîäâ³éíèõ çâ’ÿçêàõ ³ ¿õ ðåàêö³þ

ç ìóðàøèíîþ êèñëîòîþ. Òàêîæ çâåðòàºòüñÿ óâà-
ãà íà íåâåëèê³ ï³êè ïðîïóñêàííÿ â îáëàñò³ 3200–
3700 ñì–1, ÿê³ â³äïîâ³äàþòü êîëèâàííÿì ãðóïè
ÎÍ, ùî ñâ³ä÷èòü ïðî íåçíà÷íå ðîçêðèòòÿ åïî-
êñèäíèõ ãðóï ³ ïðèºäíàííÿ äî íèõ âîäíþ
[18,21,22]. Öå ïîâ’ÿçàíî ç ã³äðàòàö³þ åïîêñèä-
íèõ ãðóï âîäîþ, ùî ïåðåáóâàº ó ñóì³ø³, ÿêà êà-
òàë³çóºòüñÿ ïðèñóòíüîþ ó ðîç÷èí³ êèñëîòîþ.
Êð³ì öüîãî, çàãàëüíå çìåíøåííÿ ³íòåíñèâíîñò³
ïðîïóñêàííÿ ó ñïåêòðàõ ïðîäóêò³â â ïîð³âíÿíí³
ç³ ñïåêòðîì âèõ³äíîãî êàó÷óêó ñâ³ä÷èòü ïðî çíè-
æåííÿ ìîëåêóëÿðíî¿ ìàñè.

à

á

â

Ðèñ. 2. ²×-ñïåêòðè: à – âèêîðèñòàíîãî ó äîñë³äàõ êàó÷óêó;

á – ïðîäóêòó 5%-ãî åïîêñèäóâàííÿ; â – ïðîäóêòó 14,5%-ãî

åïîêñèäóâàííÿ

Âèñíîâêè
Çàïðîïîíîâàíà ñõåìà çä³éñíåííÿ åïîêñè-

äóâàííÿ êàó÷óêó º ïðîñòîþ, äîçâîëÿº ïðîâîäè-
òè êîíòðîëüîâàíèé ïðîöåñ åïîêñèäóâàííÿ òà
îäåðæóâàòè çàäîâ³ëüíèé ñòóï³íü ïåðåòâîðåííÿ
ïðîäóêòó çà ðàõóíîê ðåãóëþâàííÿ êîíöåíòðàö³¿
ðåàãåíò³â. Âñòàíîâëåíî, ùî íà ñòóï³íü åïîêñè-
äóâàííÿ âïëèâàº ³íòåíñèâí³ñòü ïåðåì³øóâàííÿ,
÷àñ âèòðà÷åíèé íà ïåðåá³ã ðåàêö³é òà ñï³ââ³äíî-
øåííÿ ðåàãåíò³â.

Òîìó ïåðñïåêòèâíèì º ïîäàëüøå âèâ÷åííÿ
çàêîíîì³ðíîñòåé òà ê³íåòèêè ïðîò³êàííÿ ïðîöåñó
åïîêñèäóâàííÿ çà çàïðîïîíîâàíîþ ñõåìîþ, ðîç-
ðîáêà ³íæåíåðíèõ ïðèéîì³â ¿¿ ïîêðàùåííÿ.
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EPOXIDATION IN AN ENVIRONMENT WATER AND
XYLENE

D.O. Shapovalov, V.V. Ved, S.N. Zybaylo, V.L. Yushko

Ukrainian State University of Chemical Technology, Dnepro-
petrovsk, Ukraine

Phased scheme of epoxidation of waste material from natural
rubber production that are not subject for industrial use to give them
a complex of new properties for future use were proposed. Epoxida-
tion was performed via peracid which has been produced by reacting
aqueous solutions of hydrogen peroxide and formic acid in situ in a
water-Xylene environment in thermally insulated reactor under equ-
ilibrium boiling point of the mixture. Qualitative analysis of the
composition of the product was carried out by IR spectroscopy. Epo-
xidation and reduction of unsaturation of the products were deter-
mined by methods of hydrochlorination and halogenation by iodine
bromide, respectively. Reducing of unsaturation of the product amoun-
ted 10.28%, while the epoxidation ratio was 8.19%. IR spectroscopy
showed the presence epoxy groups in the obtained product, insigni-
ficant formation of side carbonyl and hydroxyl groups and a greater
tendency to epoxidation of 1.4- than that of 3,4- isoprene units.
Possible ways of applying the resulting products as adhesives,
sealants, coatings were assessed.

Keywords: natural rubber; scrap; epoxidation; ebulating
reactor.

REFERENCES

1. Official Website of Sabah Rubber Industry Boarb. Avai-
lable at: http://www.ligs.sabah.gov.my/?page_id=60&lang=en.

2. ISO 2000:2008 Kauchuk siriy naturalniy. Nastanovi schodo
skladannya tehnichnih umov na tehnichniy kauchuk [Raw natural
rubber. Raw Guidelines for drafting of specifications for techni-
cal rubber]. Derzhspozhivstandart Ukrayini, Kyyiv, 2008. 3 p. (in
Ukrainian).

3. Ermolchuk L.V., Boyko V.P., Grischenko V.K., Lebe-
dev E.V. Epoksidirovanie zhidkih kauchukov i rezinovoy kroshki
perkislotami in situ [Epoxidation of liquid rubbers with peracids
in situ]. Voprosy khimii i khimicheskoi technologii, 2008, no. 5,
pp 53-58. (in Russian).

4. Shapovalov D.O., Ved V.V., Zyibaylo S.N., Issledo-
vanie protsessa epoksidirovaniya naturalnogo kauchuka v srede
voda – ksilol neftyanoy [Investigation on epoxidation process of
lump rubber in water-oil xylol medium]. Proc. 6th Int. Confe-
rence «Chemistry and modern technology». Ukraine, Dnipropet-



106 ISSN 0321-4095. Âîïðîñû õèìèè è õèìè÷åñêîé òåõíîëîãèè, 2014, Ò. 3

Ä.Î. Øàïîâàëîâ, Â.Â. Âåäü, Ñ.Ì. Çèáàéëî, Â.Ë. Þøêî

rovsk, 2013, p.78. (in Russian).
5. Solovev M. M., Lokalnaya dinamika oligobutadienov

razlichnoy mikrostrukturyi i produktov ih modifikatsii [Local dy-
namics of oligobutadienes with various microstructure and pro-
ducts of their modification]: thesis for the degree of candidate of
Chemical Sciences, Yaroslavl State Technical University, 2009.
(in Russian).

6. Pichugin A.M., Materialovedcheskie aspektyi sozdaniya
shinnyih rezin: Nauchnoe izdanie [Materials science aspects of
creation tire rubber: Scientific edition]. NTTs «NIIShP», Mos-
cow, 2008. 383 p. (in Russian).

7. Dogadkin B.A., Dontsov A.A., Shershnyov V.L., Himiya
elastomerov [Chemistry of elastomers: 2nd ed. revised and upda-
ted]. Himiya, Moscow, 1981. 376 p. (in Russian).

8. Zaharchenko P.I., Yashunskaya F.I., Evstratov V.F.,
Orlovskiy P.N., Spravochnik rezinschika. Materialyi rezinovogo
proizvodstva [Handbook. Materials of rubber production]. Himiya,
Moscow, 1971. 608 p. (in Russian).

9. Razumovskiy S.D., Zaikov G.E., Ozon i ego reaktsii s
organicheskimi soedineniyami [Ozone and its reaction with or-
ganic compounds]. Nauka, Moscow, 1974. 322 p. (in Russian).

10. Dontsov A.A., Lozovik G.Ya., Novitskaya S.P., Hlo-
rirovannyie polimeryi [Chlorinated polymers]. Himiya, Moscow,
1979. 232 p. (in Russian).

11. Tutorskiy I.A., Potapov E.E., Shvarts A.G.,
Himicheskaya modifikatsiya elastomerov: Monografiya [Chemical
modification of elastomers: Monograph.]. Himiya, Moscow, 1993.
303 p. (in Russian).

12. Gotlib E.M., Sokolova Yu.A., Sharifulin A.Sh., Kisi-
leva R.S., Voskresenskiy E.A. O dinamicheskih mehanicheskih
svoystvah i udelnoy udarnoy vyazkosti epoksikauchukovyih kom-
pozitsiy [On dynamical mechanical properties and specific im-
pact toughness of epoxy rubber compositions]. Sintez i Phys.-
Khim. Polimerov, 1978, vol. 22, pp.69-71. (in Russian).

13. Grishin B.S. Materialyi rezinovoy promyishlennosti: in-
formatsionno-analiticheskaya baza dannyih: Spravochnik [Materi-
als of rubber industry: information-analytical database: Hand-
book]. Kazan National Research Technological University, Ka-
zan, 2010. 506 p. (in Russian).

14. Kwo Han Kiu, Study of adhesion properties of natural
rubber, epoxidized natural rubber, and ethylene-propylene dieneter-
polymer-based adhesives: thesis for the degree of Master of Sci-

ence, Malaysia, Universiti Sains, 2007. 172 p.
15. Kochnev A.M., Galibeev S.S., Modifikatsiya polimerov:

Monografiya [Modification of Polymers: Monograph.]. Kazan
National Research Technological University, Kazan, 2008. 533 p.
(in Russian).

16. Rovkina N.M., Lyapkov A.A., Laboratornyiy prakti-
kum po himii i tehnologii polimerov: Ch.4. Poluchenie polimerov
metodom polikondensatsii [Laboratory workshop on Chemistry and
Technology of Polymers: Part 4. Preparation of polymers by
polycondensation]. Publ Tomsk Polytechnic Univ., Tomsk, 2007.
132 p. (in Russian).

17. Belyanin B.V., Erih V.N., Tehnicheskiy analiz
nefteproduktov i gaza: Uchebnoe posobie dlya tehnikumov [Techni-
cal analysis of oil and gas: Textbook for colleges]. Khimiya, Le-
ningrad, 1979. 224 p. (in Russian).

18. Shapiro D.K., Praktikum po biologicheskoy khimii
[Workshop on Biological Chemistry]. Vyisheysh shkola, Minsk,
1976. 288 p. (in Russian).

19. Bellami L.J., Infrakrasnyie spektryi molekul [Infrared
spectra of complex molecules]. Izd-vo Inostrannoy literatury,
Moscow, 1963. 592 p. (in Russian).

20. Kuptsov A.H., Zhizhin G.N., Fure-spektryi kombinat-
sionnogo rasseyaniya i infrakrasnogo pogloscheniya polimerov: Spra-
vochnik [Fourier Transform Raman and Infrared Spectra of Poly-
mers: Handbook]. FIZMATLIT, Moscow, 2001. 656 p. (in Rus-
sian)

21. Li Hongqiang, Zeng Xingrong, Guo Jianhua. Epoxi-
dation of Styrene-Isoprene-Styrene Block Copolymer and Re-
search on Its Reaction Mechanism. J. Wuhan Univer. Technol.-
Mater. Sci. Ed., 2010, vol. 25, pp. 403-407.

22. De Risi F.R., D’Ilprio L., Martinelli A. Synthesis and
characterization of epoxidized polybutadiene/polyaniline conduc-
tive graft copolymers. J. Pol. Sci. Part A: Pol. Chem., 2004,
vol. 42, pð. 3082-3090.

23. Shang-Ming Wang, Raymond Chien-Chao Tsianc.
Epoxidation of Partially Hydrogenated Styrene-Butadiene Block
Copolymers Using Peracetic Acid in a Cyclohexane/Water He-
terogeneous System. J. Pol. Sci. Part A: Pol. Chem., 1996, vol. 34,
pp. 1483-1491.

24. Avvakumova N.I., Budarina L.A., Praktikum po himii i
fizike polimerov: Ucheb. izd. [Workshop on physics and chemistry
of polymers: Study Edition]. Khimiya, Moscow, 1990. 304 p. (in
Russian).


