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Ó ðîáîò³ îõàðàêòåðèçîâàíî ô³çèêî-ìåõàí³÷í³ òà ðåîëîã³÷í³ âëàñòèâîñò³ âòîðèííî-
ãî ïîë³åòèëåíòåðåôòàëàòó (ÏÅÒ) ó ïîð³âíÿíí³ ç ïåðâèííèì ïîë³ìåðîì. Âèçíà÷åíî
âïëèâ ïîâòîðíî¿ ïåðåðîáêè íà ñòðóêòóðó ïîë³ìåðó, éîãî â’ÿçê³ñòü, ìåõàí³÷íó ì³öí³ñòü
òà ïëàñòè÷í³ñòü. Íàâåäåí³ åêñïåðèìåíòàëüí³ äàí³ ñâ³ä÷àòü ïðî ñóòòºâå çíèæåííÿ
ïëàñòè÷íîñò³ òà ìîëåêóëÿðíî¿ ìàñè âòîðèííîãî ÏÅÒ ï³ñëÿ ê³ëüêîõ öèêë³â ïåðå-
ðîáêè, ùî îáìåæóº ìîæëèâîñò³ éîãî áàãàòîðàçîâîãî âèêîðèñòàííÿ. Ïðîàíàë³çîâà-
íî çàëåæí³ñòü â’ÿçêîñò³ òà íàïðóæåííÿ çñóâó â³ä òåìïåðàòóðè ³ ãðàä³ºíòà
øâèäêîñò³, ùî ï³äòâåðäæóº äåãðàäàö³þ ìàòåð³àëó ï³ä ÷àñ òåðìîìåõàí³÷íî¿ îá-
ðîáêè. Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàí³ äëÿ îïòèì³çàö³¿ ïðîöåñ³â
âòîðèííîãî ïåðåðîáëåííÿ ÏÅÒ òà ïîë³ïøåííÿ ÿêîñò³ ïåðåðîáëåíîãî ïîë³ìåðó.
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Âñòóï
Â óìîâàõ çðîñòàþ÷îãî çàáðóäíåííÿ äîâê³ëëÿ

òà íåîáõ³äíîñò³ åôåêòèâíîãî âèêîðèñòàííÿ ðå-
ñóðñ³â, ïðîáëåìà âòîðèííîãî ïåðåðîáëåííÿ ïîë³-
ìåðíèõ ìàòåð³àë³â, çîêðåìà ïîë³åòèëåíòåðåôòàëà-
òó (ÏÅÒ), îñîáëèâî àêòóàëüíà. Âòîðèííèé ÏÅÒ
øèðîêî çàñòîñîâóºòüñÿ ó âèðîáíèöòâ³ óïàêîâêè,
òåêñòèëþ òà òåõí³÷íèõ âèðîá³â, îäíàê éîãî ô³çè-
êî-ìåõàí³÷í³ âëàñòèâîñò³ ñóòòºâî çì³íþþòüñÿ ï³ä
âïëèâîì áàãàòîðàçîâîãî ïåðåðîáëåííÿ. Âèâ÷åííÿ
öèõ çì³í º âàæëèâèì äëÿ îïòèì³çàö³¿ ïðîöåñ³â
ïåðåðîáëåííÿ òà çáåðåæåííÿ ÿêîñò³ îòðèìàíîãî
ìàòåð³àëó.

Áàãàòîðàçîâàîãî ïåðåðîáëåííÿ ÏÅÒ ïðèçâî-
äèòü äî äåãðàäàö³¿ éîãî ïîë³ìåðíî¿ ñòðóêòóðè, ùî
ïðîÿâëÿºòüñÿ ó çíèæåíí³ ìîëåêóëÿðíî¿ ìàñè, ïëà-
ñòè-÷íîñò³ òà ì³öíîñò³. Öå îáìåæóº ìîæëèâîñò³
âèêîðèñòàííÿ âòîðèííîãî ÏÅÒ ó äåÿêèõ ñôåðàõ

çàñòîñóâàííÿ. Íåîáõ³äíî âñòàíîâèòè çàêîíîì³ðíîñò³
çì³íè âëàñòèâîñòåé ïîë³ìåðó ï³ñëÿ êîæíîãî
öèêëó ïåðåðîáëåííÿ òà âèçíà÷èòè êðèòè÷íèé ïîð³ã
éîãî åêñïëóàòàö³éíî¿ ïðèäàòíîñò³.

Ñó÷àñí³ äîñë³äæåííÿ ó ñôåð³ âòîðèííî¿ ïå-
ðåðîáêè ÏÅÒ ñïðÿìîâàí³ íà çíèæåííÿ åêîëîã³-
÷íîãî íàâàíòàæåííÿ òà çàáåçïå÷åííÿ åôåêòèâíîãî
âèêîðèñòàííÿ ïîë³ìåðíèõ â³äõîä³â. Ó ðîáîòàõ [1,2]
ðîçãëÿíóòî îñíîâí³ ôóíêö³¿ ÏÅÒ-óïàêîâêè ó
õàð÷îâ³é ïðîìèñëîâîñò³, à òàêîæ ìàòåð³àëîçíàâ÷³
õàðàêòåðèñòèêè ïåðâèííîãî ïîë³ìåðó. Àâòîðè
ï³äêðåñëþþòü, ùî, ïîïðè äîáð³ áàð’ºðí³ âëàñòè-
âîñò³, ñò³éê³ñòü äî òåðì³÷íèõ ³ ìåõàí³÷íèõ âïëèâ³â
ÏÅÒ çíèæóºòüñÿ ï³ñëÿ ê³ëüêîõ öèêë³â ïåðå-
ðîáëåííÿ, ùî ñòàâèòü ï³ä ñóìí³â äîö³ëüí³ñòü éîãî
áàãàòîðàçîâîãî âèêîðèñòàííÿ â êðèòè÷íèõ ñôå-
ðàõ, çîêðåìà â ïàêóâàíí³ õàð÷îâèõ ïðîäóêò³â.

Îêðåìó óâàãó ïðèä³ëÿþòü âèâ÷åííþ çì³í
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ô³çèêî-ìåõàí³÷íèõ ³ ðåîëîã³÷íèõ õàðàêòåðèñòèê
âòîðèííîãî ÏÅÒ. Çîêðåìà, ó äîñë³äæåíí³ [3]
ðîçãëÿíóòî êîìïîçèòè íà îñíîâ³ ÏÅÒ ç ã³äðîòàëü-
ê³òîì, ÿê³ äåìîíñòðóþòü ï³äâèùåíó òåðì³÷íó
ñòàá³ëüí³ñòü ³ êðàù³ ìåõàí³÷í³ ïîêàçíèêè, ïîð³âíÿ-
íî ç³ çâè÷àéíèì âòîðèííèì ïîë³ìåðîì. Öå â³äêðè-
âàº íîâ³ ìîæëèâîñò³ äëÿ çàñòîñóâàííÿ ïåðåðîáëå-
íîãî ÏÅÒ ó âèðîáíèöòâ³ ïàêóâàííÿ äëÿ ìîëî÷íî¿
ïðîäóêö³¿. Ïîä³áí³ ðåçóëüòàòè íàâåäåíî ³ â ñòàòò³
[4], äå äîñë³äæåíî âïëèâ óïàêîâêè íà ñìàêîâ³
âëàñòèâîñò³ ð³äêîãî ìîëîêà - âàæëèâèé àñïåêò ó
êîíòåêñò³ ÿêîñò³ ê³íöåâîãî ïðîäóêòó.

Â³ò÷èçíÿí³ íàóêîâö³ òàêîæ ïðèä³ëÿþòü çíà÷íó
óâàãó áåçïå÷íîñò³ âèêîðèñòàííÿ ÏÅÒ ³ç âòîðèí-
íî¿ ñèðîâèíè. Çîêðåìà, ó ïóáë³êàö³¿ [5] ïðåäñòàâ-
ëåíî ðåçóëüòàòè îö³íþâàííÿ ì³ãðàö³¿ ïîòåíö³éíî
íåáåçïå÷íèõ êîìïîíåíò³â ³ç ÏÅÒ-ïëÿøîê, âèãî-
òîâëåíèõ ³ç ïåðåðîáëåíîãî ìàòåð³àëó. Àâòîðè âêà-
çóþòü íà ïîòðåáó æîðñòêîãî êîíòðîëþ çà ïàðà-
ìåòðàìè ïåðåðîáêè òà çàñòîñóâàííÿì ïîë³ìåðó ó
õàð÷îâ³é ãàëóç³. Öå äîñë³äæåííÿ º âàæëèâèì ó
êîíòåêñò³ çàêîíîäàâ÷èõ îáìåæåíü ªÑ òà ì³æíà-
ðîäíèõ ðåêîìåíäàö³é ùîäî ïîâòîðíîãî âèêî-
ðèñòàííÿ ïëàñòèêó ó êîíòàêò³ ç õàð÷îâèìè ïðî-
äóêòàìè.

Ó íèçö³ ðîá³ò [6,7] ðîçãëÿíóòî ñó÷àñí³
òåõíîëîã³¿ ðåöèêë³íãó ÏÅÒ òà îïèñàíî îñíîâí³
ïðîáëåìè, ïîâ’ÿçàí³ ç äåãðàäàö³ºþ ïîë³ìåðó
âíàñë³äîê áàãàòîðàçîâî¿ ïåðåðîáêè. Çîêðåìà, â ðî-
áîòàõ [8–10] âêàçóþòü íà íåîáõ³äí³ñòü îïòèì³-
çàö³¿ òåìïåðàòóðè ³ òðèâàëîñò³ îáðîáêè, à òàêîæ
âèêîðèñòàííÿ ñòàá³ë³çàòîð³â äëÿ çáåðåæåííÿ
ö³ë³ñíîñò³ ìàêðîìîëåêóëÿðíîãî ëàíöþãà. Àêòóàëü-
íèì çàëèøàºòüñÿ òàêîæ ïîøóê á³îàäàïòèâíèõ ìî-
äèô³êàòîð³â, ÿê³ ìîæóòü êîìïåíñóâàòè âòðàòó ìå-
õàí³÷íî¿ ì³öíîñò³ âòîðèííîãî ÏÅÒ áåç øêîäè äëÿ
åêîëîã³¿ [11,12].

Òàêèì ÷èíîì, àíàë³ç íàóêîâèõ äæåðåë
ñâ³ä÷èòü ïðî àêòèâíèé ðîçâèòîê äîñë³äæåíü ó
ñôåð³ ïåðåðîáêè ÏÅÒ, ïðîòå ïîòðåáóº ïîäàëüøèõ
ïðèêëàäíèõ äîñë³äæåíü ùîäî îïòèì³çàö³¿ âëàñòè-
âîñòåé ìàòåð³àëó ï³ñëÿ ïîâòîðíîãî âèêîðèñòàííÿ.
Îòðèìàí³ åêñïåðèìåíòàëüí³ äàí³ ùîäî çì³í
ïëàñòè÷íîñò³, â’ÿçêîñò³ òà ì³ãðàö³éíî¿ áåçïåêè âòî-
ðèííîãî ÏÅÒ º ôóíäàìåíòàëüíèìè äëÿ óäîñêî-
íàëåííÿ òåõíîëîã³é âòîðèííîãî âèðîáíèöòâà òà
ðîçøèðåííÿ ñôåðè éîãî çàñòîñóâàííÿ [13,14].

Íåçâàæàþ÷è íà çíà÷íó ê³ëüê³ñòü äîñë³äæåíü
ùîäî ïåðåðîáêè ÏÅÒ, íåäîñòàòíüî âèâ÷åí³
ðåîëîã³÷í³ îñîáëèâîñò³ âòîðèííîãî ìàòåð³àëó ïðè
ð³çíèõ òåìïåðàòóðàõ ³ ãðàä³ºíò øâèäêîñò³. Òàêîæ
ïîòðåáóþòü ïîäàëüøîãî àíàë³çó ìåõàí³÷í³
âëàñòèâîñò³ ïîë³ìåðó ï³ñëÿ äåê³ëüêîõ öèêë³â ïå-
ðåðîáêè òà ¿õí³é âïëèâ íà ìîæëèâ³ñòü ïîâòîðíîãî

âèêîðèñòàííÿ.
ÏÅÒ º îäíèì ³ç íàéïîøèðåí³øèõ òåðìîïëà-

ñòè÷íèõ ïîë³ìåð³â, ùî àêòèâíî âèêîðèñòîâóºòüñÿ
äëÿ âèãîòîâëåííÿ óïàêîâêè, çîêðåìà â õàð÷îâ³é
ïðîìèñëîâîñò³. Éîãî ïîïóëÿðí³ñòü îáóìîâëåíà
ïðîçîð³ñòþ, õ³ì³÷íîþ ³íåðòí³ñòþ, ìåõàí³÷íîþ
ì³öí³ñòþ òà ïðèäàòí³ñòþ äî ïåðåðîáêè. Ó
êîíòåêñò³ çðîñòàþ÷îãî åêîëîã³÷íîãî íàâàíòàæåí-
íÿ âñå á³ëüøî¿ àêòóàëüíîñò³ íàáóâàº âèêîðèñòàí-
íÿ âòîðèííî¿ ñèðîâèíè, çîêðåìà âòîðèííîãî ÏÅÒ,
ó âèðîáíèöòâ³ õàð÷îâî¿ òàðè.

Îäíèì ³ç êëþ÷îâèõ àñïåêò³â áåçïå÷íîãî âè-
êîðèñòàííÿ âòîðèííîãî ÏÅÒ º äîñë³äæåííÿ éîãî
ô³çèêî-õ³ì³÷íèõ ³ ðåîëîã³÷íèõ âëàñòèâîñòåé.
Çîêðåìà, âàæëèâèì ïîêàçíèêîì º â’ÿçê³ñòü ðîç-
ïëàâó ÏÅÒ ïðè ð³çíèõ òåìïåðàòóðàõ ³ ãðàä³ºíòàõ
øâèäêîñò³ çñóâó. Äîñë³äæåííÿ ïîêàçàëè, ùî ç
ï³äâèùåííÿì òåìïåðàòóðè â’ÿçê³ñòü ÿê ïåðâèííî-
ãî, òàê ³ âòîðèííîãî ÏÅÒ çíèæóºòüñÿ. Ïðîòå âòî-
ðèííèé ÏÅÒ âèÿâëÿº á³ëüøó ÷óòëèâ³ñòü äî çì³í
ãðàä³ºíòà øâèäêîñò³, ùî ìîæå áóòè íàñë³äêîì
äåãðàäàö³¿ ïîë³ìåðó ï³ä ÷àñ ïîïåðåäíüî¿ åêñïëóà-
òàö³¿ òà ïåðåðîáêè.

Êð³ì ðåîëîã³÷íèõ õàðàêòåðèñòèê, íà âëàñòè-
âîñò³ âòîðèííîãî ÏÅÒ çíà÷íî âïëèâàº ïîïåðåäí³é
öèêë éîãî âèêîðèñòàííÿ, ùî ìîæå çóìîâèòè çíè-
æåííÿ ìîëåêóëÿðíî¿ ìàñè, çì³íó òåðìîñò³éêîñò³
òà çìåíøåííÿ åëàñòè÷íîñò³. Òàê³ çì³íè îáó-
ìîâëþþòü íåîáõ³äí³ñòü äåòàëüíîãî àíàë³çó ïàðà-
ìåòð³â ïåðåðîáêè ìàòåð³àëó, çîêðåìà òåìïåðàòóð-
íîãî ðåæèìó, òðèâàëîñò³ òåðìîîáðîáêè òà óìîâ
ôîðìóâàííÿ ãîòîâèõ âèðîá³â. Â³äñóòí³ñòü
êîíòðîëþ íàä öèìè ïàðàìåòðàìè ìîæå ïðèçâåñòè
äî ïîã³ðøåííÿ åêñïëóàòàö³éíèõ âëàñòèâîñòåé ãî-
òîâî¿ òàðè, ùî º êðèòè÷íèì ó õàð÷îâ³é ïðîìèñëî-
âîñò³.

Îñîáëèâî¿ óâàãè çàñëóãîâóº ïîð³âíÿííÿ ïî-
âåä³íêè ïåðâèííîãî ³ âòîðèííîãî ÏÅÒ ó äèíàì³-
÷íèõ óìîâàõ. ßêùî ïåðâèííèé ÏÅÒ õàðàêòåðè-
çóºòüñÿ ñòàá³ëüíîþ â’ÿçê³ñíîþ ïîâåä³íêîþ ïðè
øèðîêîìó ä³àïàçîí³ òåìïåðàòóð ³ øâèäêîñòåé çñóâó,
òî âòîðèííèé äåìîíñòðóº ñõèëüí³ñòü äî ð³çêîãî
çíèæåííÿ â’ÿçêîñò³ ïðè çðîñòàíí³ ãðàä³ºíòà
øâèäêîñò³. Öå ñâ³ä÷èòü ïðî òå, ùî âòîðèííèé
ìàòåð³àë âèìàãàº á³ëüø òî÷íîãî òåõíîëîã³÷íîãî
ï³äõîäó ïðè ïðîºêòóâàíí³ îáëàäíàííÿ äëÿ ëèòòÿ,
åêñòðóç³¿ àáî âèäóâàííÿ ïëÿøîê.

Ìåòîþ äàíî¿ ðîáîòè º äîñë³äæåííÿ çì³í ô³çè-
êî-ìåõàí³÷íèõ ³ ðåîëîã³÷íèõ õàðàêòåðèñòèê âòî-
ðèííîãî ÏÅÒ çàëåæíî â³ä ê³ëüêîñò³ öèêë³â ïåðå-
ðîáêè, à òàêîæ àíàë³ç âïëèâó òåðìîìåõàí³÷íî¿ îá-
ðîáêè íà âëàñòèâîñò³ ìàòåð³àëó òà âèçíà÷åííÿ ãðà-
íè÷íî¿ ê³ëüêîñò³ ïåðåðîáîê, ï³ñëÿ ÿêèõ ïîë³ìåð
âòðà÷àº åêñïëóàòàö³éí³ âëàñòèâîñò³.
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Ìåòîäèêà åêñïåðèìåíòó, ðåçóëüòàòè òà îá-
ãîâîðåííÿ

ßê âèõ³äíó ñèðîâèíó âèêîðèñòîâóâàâñÿ âòî-
ðèííèé ÏÅÒ ó âèãëÿä³ ïîäð³áíåíèõ òà î÷èùåíèõ
ïëàñò³âö³â ç ïåðåðîáêè 0,5–2 ë ïëÿøîê. Õàðàêòå-
ðèñòèêè âòîðèííîãî ÏÅÒ íàâåäåíî â òàáë. 1.

Íàñë³äêîì çá³ëüøåííÿ ê³ëüêîñò³ öèêë³â ïå-
ðåðîáêè ÏÅÒ º ñóòòºâå çíèæåííÿ éîãî ïëàñòè-
÷íîñò³. Ï³ñëÿ ïåðøîãî öèêëó ïåðåðîáêè ìàòåð³àë
çàëèøàºòüñÿ äîñòàòíüî ïëàñòè÷íèì: ðóéíóâàííÿ
â³äáóâàºòüñÿ ëèøå ï³ñëÿ çíà÷íî¿ õîëîäíî¿ âè-
òÿæêè òà çì³öíåííÿ íàïðóãîþ. Ïðîòå âæå ï³ñëÿ
äðóãîãî öèêëó ñïîñòåð³ãàºòüñÿ çíà÷íå çíèæåííÿ
ïëàñòè÷íîñò³, õî÷à ìàòåð³àë âñå ùå çáåð³ãàº ïåâí³
âëàñòèâîñò³. Ï³ñëÿ òðåòüîãî öèêëó â³äáóâàºòüñÿ
êðèòè÷íå çíèæåííÿ ïëàñòè÷íîñò³ – ó 100 ðàç³â
ïîð³âíÿíî ç ïåðâèííèì ÏÅÒ. Ïîäàëüø³ öèêëè

ëèøå ïîãëèáëþþòü äåãðàäàö³þ ïîë³ìåðó, ùî âêà-
çóº íà îáìåæåí³ñòü ê³ëüêîñò³ ìîæëèâèõ ïåðåðî-
áîê. Òîìó áóëè çä³éñíåí³ äîñë³äæåííÿ çì³íè âëà-
ñòèâîñòåé ÏÅÒ â³ä öèêë³â ïåðåðîáêè, ùî íàâå-
äåí³ â òàáë. 2.

Íà ðèñ. 1 ³ 2 ïðî³ëþñòðîâàíà  ðåîëîã³÷íà
ïîâåä³íêà ïåðâèííîãî òà âòîðèííîãî ÏÅÒ çà-
ëåæíî â³ä òåìïåðàòóðè òà ãðàä³ºíòà øâèäêîñò³ çñó-
âó. Âèÿâëåíî, ùî ³ç ï³äâèùåííÿì òåìïåðàòóðè
â’ÿçê³ñòü çíèæóºòüñÿ, ïðè÷îìó ïåðâèííèé ÏÅÒ
äåìîíñòðóº á³ëüø ñòàá³ëüíó ïîâåä³íêó â ïîð³âíÿíí³
ç âòîðèííèì. Ó âòîðèííîìó ÏÅÒ ñïîñòåð³ãàºòüñÿ
ð³çêå çíèæåííÿ â’ÿçêîñò³ ïðè ï³äâèùåíí³ ãðà-
ä³ºíòà øâèäêîñò³ çñóâó, ùî ìîæå áóòè ïîâ’ÿçàíå
ç äåãðàäàö³ºþ ïîë³ìåðó ï³ä ÷àñ ïåðåðîáëåííÿ.

Àíàëîã³÷íî âèâ÷àëàñÿ çàëåæí³ñòü íàïðóæåí-
íÿ çñóâó â³ä ãðàä³ºíòà øâèäêîñò³ äëÿ ïåðâèííîãî
³ âòîðèííîãî ÏÅÒ ïðè òèõ ñàìèõ òåìïåðàòóðàõ.
Âèÿâëåíî, ùî ³ç çá³ëüøåííÿì òåìïåðàòóðè íàïðó-
æåííÿ çñóâó çíèæóºòüñÿ, àëå â ïåðâèííîìó ÏÅÒ
çáåð³ãàºòüñÿ á³ëüø ð³âíîì³ðíèé õàðàêòåð çà-
ëåæíîñò³. Ó âòîðèííîìó ÏÅÒ ñïîñòåð³ãàºòüñÿ ð³çêå
çíèæåííÿ íàïðóæåííÿ çñóâó, ùî ñâ³ä÷èòü ïðî
ìîæëèâ³ñòü çíèæåííÿ éîãî ìåõàí³÷íî¿ ì³öíîñò³
ï³ñëÿ ïåðåðîáëåííÿ.

Âèñíîâêè
Ïîêàçàíî, ùî ïåðâèííèé ÏÅÒ ìàº ñòàá³ëüí³ø³

ðåîëîã³÷í³ õàðàêòåðèñòèêè, òîä³ ÿê âòîðèííèé ÏÅÒ
äåìîíñòðóº çíà÷íó çäàòí³ñòü äî äåãðàäàö³¿ ïðè
ï³äâèùåíí³ òåìïåðàòóðè òà ãðàä³ºíòà øâèäêîñò³.
Öå ñâ³ä÷èòü ïðî âïëèâ ïîâòîðíî¿ ïåðåðîáêè íà
ñòðóêòóðó ïîë³ìåðó, ùî îáóìîâëþº çíèæåííÿ éîãî
â’ÿçêîñò³. Âòîðèííèé ÏÅÒ ìîæíà âèêîðèñòîâóâà-
òè â òåõíîëîã³ÿõ ³ç ìåíøèìè ìåõàí³÷íèìè íàâàí-
òàæåííÿìè, àëå ïîòð³áíà îïòèì³çàö³ÿ óìîâ éîãî
ïåðåðîáêè äëÿ çáåðåæåííÿ âëàñòèâîñòåé.

Òàáëèöÿ 1

Âëàñòèâîñò³ âòîðèííîãî ïîë³åòèëåíòåðåôòàëàòó çà

ÒÓÓ-37.2-30492103-002-2001

Показник Значення 

густина, кг/м
3
 1300–1360 

насипна густина, кг/м
3
 500–600 

температура плавлення, 
0
С 255–257 

міцність при розтягу, МПа 150–200 

відносне видовження при розтягу, % 30–50 

ступінь кристалічності, % 25–30 

ПТР, г/10 хв (Р=2.16 кг, Т=548 К) 21–25 

характеристична в'язкість (в суміші 

фенол–тетрахлоретан, 30,00
0
С) 

0,76–0,79 

Òàáëèöÿ 2

Çì³íè âëàñòèâîñòåé ÏÅÒ çàëåæíî â³ä öèêë³â ïåðåðîáêè
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Ðèñ. 1. Çàëåæí³ñòü â’ÿçêîñò³ â³ä ãðàä³ºíòó øâèäêîñò³ çñóâó äëÿ ïåðâèííîãî òà âòîðèííîãî ÏÅÒ ïðè ð³çíèõ

òåìïåðàòóðàõ: 1 – 2600Ñ; 2 – 2700Ñ; 3 – 2800Ñ.

Ðèñ. 2. Çàëåæí³ñòü íàïðóæåííÿ çñóâó â³ä ãðàä³ºíòó øâèäêîñò³ çñóâó äëÿ ïåðâèííîãî òà âòîðèííîãî ÏÅÒ ïðè ð³çíèõ

òåìïåðàòóðàõ: 1 – 2600Ñ; 2 – 2700Ñ; 3 – 2800Ñ
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Âñòàíîâëåíî, ùî ï³ñëÿ ïåðøîãî öèêëó ïåðå-
ðîáêè ìàòåð³àë çáåð³ãàº äîñòàòíþ ïëàñòè÷í³ñòü,
ïðîòå âæå ï³ñëÿ äðóãîãî öèêëó ñïîñòåð³ãàºòüñÿ
¿¿ çíà÷íå çíèæåííÿ. Ï³ñëÿ òðåòüîãî öèêëó
ïëàñòè÷í³ñòü ÏÅÒ êðèòè÷íî çìåíøóºòüñÿ, ùî îá-
ìåæóº ìîæëèâ³ñòü ïîäàëüøîãî âèêîðèñòàííÿ
ìàòåð³àëó áåç äîäàòêîâèõ ìîäèô³êàö³é.

Òàêèì ÷èíîì, ðåçóëüòàòè äîñë³äæåííÿ
ï³äòâåðäæóþòü íåîáõ³äí³ñòü ðåòåëüíîãî êîíòðî-
ëþ ÿê³ñíèõ ïîêàçíèê³â âòîðèííîãî ÏÅÒ òà îïòè-
ì³çàö³¿ ïðîöåñ³â éîãî ïåðåðîáëåííÿ. Âèêîðèñòàí-
íÿ âòîðèííîãî ïîë³ìåðó ìîæëèâå äëÿ îäåðæàííÿ
âèðîá³â, ÿê³ íå ïðàöþþòü ïðè âèñîêèõ ìåõàí³-
÷íèõ íàâàíòàæåííÿõ, îäíàê äëÿ çáåðåæåííÿ âëàñ-
òè- âîñòåé ìàòåð³àëó äîö³ëüíèì º çàñòîñóâàííÿ
ïðè éîãî ïåðåðîáö³ ñòàá³ë³çàòîð³â, ìîäèô³êàòîð³â
àáî çì³øóâàííÿ ç ïåðâèííèì ÏÅÒ.
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INVESTIGATION OF THE PROPERTIES OF
RECYCLED POLYETHYLENE TEREPHTHALATE
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Dnipro, Ukraine
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This article examines the physicomechanical and rheological
properties of recycled polyethylene terephthalate (PET) in
comparison with the virgin polymer. The effects of repeated
recycling on the polymer structure, viscosity, mechanical strength,
and plasticity were determined. Experimental data indicate a
significant decrease in the plasticity and molecular weight of
recycled PET after several recycling cycles, which restricts its
potential for further reuse. The dependence of viscosity and shear
stress on temperature and shear rate was analyzed, confirming
the degradation of the material during thermomechanical
processing. The obtained results can be applied to optimize PET
recycling processes and to improve the quality of recycled polymers.

Keywords: recycled polyethylene terephthalate; recycling;
mechanical properties; rheological characteristics; polymer
degradation; thermomechanical processing; plasticity;
sustainability.

REFERENCES

1. Masamba M. Impact of food packaging materials on
the shelf-life and quality of packaged food products. J Food Sci.
2024; 5(2): 15-28. doi: 10.47941/jfs.1845.

2. Marsh K, Bugusu B. Food packaging – roles, materials,
and environmental issues. J Food Sci. 2007; 72(3): R39-R55.
doi: 10.1111/j.1750-3841.2007.00301.x.

3. Lopez-Rubio A, Almenar E, Hernandez-Munoz P,
Lagaron JM, Catala R, Gavara R. Overview of active polymer-
based packaging technologies for food applications. Food Rev
Int. 2004; 20(4): 357-387. doi: 10.1081/FRI-200033462.



159

Investigation of the properties of recycled polyethylene terephthalate

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 5, pp. 154-159

4. Cadwallader DC, Gerard PD, Drake MA. The role of
packaging on the flavor of fluid milk. J Dairy Sci. 2023; 106(1):
151-167. doi: 10.3168/jds.2022-22060.

5. Pavliuk S, Filinska T, Sukha I, Filinska A. Research on
the safety of using PET bottles from secondary raw materials for
food packaging. Techn Sci Technol. 2023; 4(34): 188-194.
doi: 10.25140/2411-5363-2023-4(34)-188-194.

6. Feng X, Hu X, Yu J, Zhao M, Yang F, Wang X, et al.
A hydrotalcite-based PET composites with enhanced properties
for liquid milk packaging applications. Materials. 2023; 16: 1857.
doi: 10.3390/ma16051857.

7. Raheem D. Application of plastics and paper as food
packaging materials – an overview. Emir J Food Agric. 2013; 25:
177-188. doi: 10.9755/ejfa.v25i3.11509.

8. Mahalik NP, Nambiar AN. Trends in food packaging
and manufacturing systems and technology. Trends Food Sci
Technol. 2010; 21: 117-128. doi: 10.1016/j.tifs.2009.12.006.

9. Coles R, McDowell D, Kirwan MJ. Food packaging
technology. Boca Raton: CRC Press; 2003. 346 p.

10. Singh P, Wani AA. Advances in processing & packaging
of fresh dairy products. Boca Raton: CRC Press; 2014. 298 p.

11. Kirwan MJ. Handbook of paper and paperboard
packaging technology. 2nd ed. Oxford: Wiley-Blackwell; 2011.
496 p.

12. Morris CE, Jesson A. Packaging materials: 9. Multilayer
packaging for food and beverages. ILSI Europe report series.
Brussels: ILSI Europe; 2004. 36 p.

13. Risch SJ. Food packaging history and innovations.
J Agr ic  Food Chem .  2009;  57(18) :  8089-8092.
doi: 10.1021/jf900040r.

14. Yildirim S, Rocker B, Pettersen MK,
Nilsen-Nygaard J, Ayhan Z, Rutkaite R, et al. Active packaging
applications for food. Compr Rev Food Sci Food Saf. 2018;
17(1): 165-199. doi: 10.1111/1541-4337.12322.


