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²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Äîñë³äæåíî äåãðàäàáåëüí³ñòü êîìïîçèö³é ïîë³åòèëåíó (ÏÅ) ç äîáàâêàìè 1 – 5 % ìàñ.
ïîë³â³í³ëîâîãî ñïèðòó (ÏÂÑ), ïëàñòèô³êîâàíîãî ìîäèô³êîâàíîþ ð³ïàêîâîþ (ÌÐî) àáî ñîºâîþ
îë³ÿìè (ÌÑî). Çäàòí³ñòü äî äåãðàäàö³¿ îö³íþâàëè çà çì³íàìè ô³çèêî-ìåõàí³÷íèõ õàðàêòåðèñòèê
³ ìåòîäîì ìàñ-ñïåêòðîìåòð³¿ çà ñïåêòðîì ³îííèõ ôðàãìåíò³â, ¿õ ê³ëüêîñò³ òà ³íòåíñèâíîñò³,
ÿê³ â³äáóâàþòüñÿ ï³ä ä³ºþ ÓÔ-îïðîì³íåííÿ òà á³îëîã³÷íèõ ôàêòîð³â ´ðóíòó óïðîäîâæ 120 ä³á.
Âñòàíîâëåíî, ùî ââåäåííÿ äîáàâîê çá³ëüøóâàëî ïî÷àòêîâó ì³öí³ñòü êîìïîçèö³é, ïîð³âíÿíî ç
âèõ³äíèì ÏÅ, íà 50–77 % (11,10–13,10 ÌÏà), íàòîì³ñòü, ï³ñëÿ ä³¿ ÓÔ-îïðîì³íåííÿ, âíàñë³äîê
ïåðåá³ãó äåñòðóêòèâíèõ ïðîöåñ³â, âîíà ³ñòîòíî çíèæóâàëàñü (äî 2–3 ÌÏà). Ä³ÿ á³îëîã³÷íèõ
ôàêòîð³â ´ðóíòó ïðèçâîäèëà äî çìåíøåííÿ ì³öíîñò³ çðàçê³â ëèøå íà 15–24 %. Íà âòðàòó
ïîäîâæåííÿ àíàëîã³÷íî âïëèâàëî ÓÔ-îïðîì³íåííÿ (äî 90 % â³ä âèõ³äíîãî çíà÷åííÿ), â ìåæàõ 40–
80 %. Ïðîöåñ òåðìîäåñòðóêö³¿ çðàçê³â êîìïîçèö³é ÏÅ ç ôóíêö³îíàëüíèìè äîáàâêàìè äîñë³äæåíî
ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðîìåòð³¿. Ïîêàçàíî, ùî ïðè ââåäåíí³ ôóíêö³îíàëüíèõ äîáàâîê
íà îñíîâ³ ÏÂÑ, ïëàñòèô³êîâàíîãî ÌÐî àáî ÌÑî, â³äáóâàþòüñÿ ñòðóêòóðí³ ïåðåòâîðåííÿ, ÿê³
âèçíà÷åí³ ìåòîäîì ìàñ-ñïåêòðîìåòð³¿ çà ñïåêòðîì ³îííèõ ôðàãìåíò³â, çì³íþºòüñÿ ¿õ ê³ëüê³ñòü
òà ³íòåíñèâí³ñòü.

Êëþ÷îâ³ ñëîâà: ïîë³åòèëåí, äåãðàäàáåëüí³ñòü, ïîë³â³í³ëîâèé ñïèðò, ìàñ-ñïåêòðîìåòð³ÿ.

Âñòóï.
Ïðîáëåìà óòèë³çàö³¿ ïîë³ìåðíèõ â³äõîä³â ïîñòàº ïå-

ðåä ñâ³òîâîþ ãðîìàäñüê³ñòþ ÿê íåâ³äêëàäíå çàâäàííÿ.
Îñíîâíèìè øëÿõàìè ¿¿ âèð³øåííÿ º âòîðèííà ïåðåðîá-
êà ³ íàñòóïíå âèêîðèñòàííÿ ïîë³ìåð³â, à òàêîæ çä³éñíåí-
íÿ ìîæëèâîñò³ äåãðàäàáåëüíîñò³ ¿õ ï³ä ä³ºþ íàâêîëèø-
íüîãî ñåðåäîâèùà – ÓÔ-îïðîì³íåííÿ, âîëîãè òà á³îëî-
ã³÷íèõ ôàêòîð³â ́ ðóíòó.

Çã³äíî ç Íàö³îíàëüíîþ ñòðàòåã³ºþ âèêîðèñòàííÿ
â³äõîä³â, â Óêðà¿í³ äî 2030 ð. ïðîãíîçóºòüñÿ ïåðåðîáêà
äî 70 % ïîë³ìåðíèõ â³äõîä³â [1]. Ðåøòà öèõ â³äõîä³â ïî-
âèíí³ áóòè äåãðàäàáåëüíèìè çà óìîâ äîâê³ëëÿ. Çàáåç-
ïå÷åííÿ äåãðàäàáåëüíîñò³ ïîë³ìåðó ìîæå â³äáóâàòèñÿ
øëÿõîì éîãî ñèíòåçó ç âèêîðèñòàííÿì ïðèðîäíèõ ñïî-
ëóê, àáî æ íàïîâíåííÿ â³äîìèõ ïîë³ìåð³â ïðèðîäíèìè
ñïîëóêàìè, ùî ëåãêî äåãðàäóþòü ó íàâêîëèøíüîìó
ñåðåäîâèù³.

Òîáòî âèð³øåííÿì ïðîáëåìè ïîë³ìåðíèõ â³äõîä³â
íà ñüîãîäí³ º ñòâîðåííÿ ïîë³ìåð³â, ÿê³ çáåð³ãàþòü ñâî¿
åêñïëóàòàö³éí³ õàðàêòåðèñòèêè ò³ëüêè âïðîäîâæ ïåð³î-
äó åêñïëóàòàö³¿ âèðîá³â ç íèõ, à ïîò³ì ðóéíóþòüñÿ ï³ä
âïëèâîì ïðèðîäíèõ ôàêòîð³â.

Çäàòí³ñòü ïîë³ìåð³â äî äåãðàäàáåëüíîñò³ ï³ä ä³ºþ
ð³çíèõ ôàêòîð³â âèçíà÷àºòüñÿ ¿õí³ìè ñòðóêòóðíèìè õà-
ðàêòåðèñòèêàìè: õ³ì³÷íà ïðèðîäà, ìîëåêóëÿðíà ìàñà,

ðîçãàëóæåí³ñòü ëàíöþãà, íàÿâí³ñòü ³ ïðèðîäà á³÷íèõ
ãðóï, à òàêîæ íàÿâí³ñòü çàì³ñíèê³â ó ïîë³ìåðíîìó ëàí-
öþç³. Á³îäåãðàäàö³ÿ çàçâè÷àé ³í³ö³þºòüñÿ òåðì³÷íèì
ïðîöåñîì, ôîòîîêèñíåííÿì àáî ìåõàí³÷íîþ äåñòðóê-
ö³ºþ. Âíàñë³äîê öüîãî â³äáóâàºòüñÿ çíèæåííÿ ìîëåêó-
ëÿðíî¿ ìàñè ïîë³ìåðó, óòâîðåííÿ íèçüêîìîëåêóëÿðíèõ
ôðàãìåíò³â, ¿õ àñèì³ëÿö³ÿ, óòâîðåííÿ ê³íöåâèõ ã³äðîê-
ñèëüíèõ, êàðáîêñèëüíèõ àáî êàðáîí³ëüíèõ ãðóï. Âàæ-
ëèâèì ôàêòîðîì º êðèñòàë³÷í³ñòü, ÿêà çíèæóº çäàòí³ñòü
äî äåñòðóêö³¿ ³ àìîðôí³ñòü ñòðóêòóðè, ùî ï³äâèùóº òàêó
çäàòí³ñòü [2, 3].

Äîñë³äæåííÿ ôóíêö³îíàëüíèõ äîáàâîê ïîë³ìåð³â,
ùî ñïðèÿþòü ï³äâèùåííþ ôîòîäåãðàäàö³¿, áàçóºòüñÿ
íà âèêîðèñòàíí³ ìåòàëîâì³ñíèõ ñïîëóê, ÿê³ çàäîâ³ëüíî
ãîìîãåí³çóþòüñÿ â êîìïîçèö³ÿõ.

Ïðîâåäåíèìè äîñë³äæåííÿìè ñïîëóê êîáàëüòó íà
îñíîâ³ ðèöèíîëåâî¿ òà ë³íîëåâî¿ êèñëîò ó ê³ëüêîñò³
5 % ìàñ. âñòàíîâëåíî, ùî ôîòîäåãðàäàö³ÿ çà 90 äí³â
ñòàíîâèëà 25,2 % ìàñ. [4]. Ïðè âèçíà÷åíí³ àêòèâíîñò³
³îí³â ìåòàë³â çàë³çà, êîáàëüòó ÷è ìàðãàíöþ íà îñíîâ³
ñòåàðèíîâî¿ êèñëîòè ïðè ôîòîõ³ì³÷íîìó ³ òåðì³÷íîìó
ðîçêëàäàíí³ âñòàíîâëåíî òàêèé ðÿä: Ñî > Mn > Fe [5, 6].

Çíèæåííÿ êðèñòàë³÷íîñò³ ïîë³åòèëåíó (ÏÅ) äîñë³ä-
æåíî ââåäåííÿì ïîë³â³í³ëîâîãî ñïèðòó (ÏÂÑ) çà
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êîíöåíòðàö³¿ â³ä 5 äî 15 % [7].
²ç ïðèðîäíîâ³äíîâëþâàíèõ ðå÷îâèí, äîñë³äæåííÿ

ÿêèõ ïðîâîäèëè ïðè âèâ÷åíí³ äåãðàäàáåëüíîñò³ ïîë³-
ìåð³â, ñë³ä â³äì³òèòè êðîõìàëü ³ ñîþ [8–10].

Àíàë³çóþ÷è ð³çíîïëàíîâ³ äîñë³äæåííÿ ç íàäàííÿ
äåãðàäàáåëüíèõ âëàñòèâîñòåé ïîë³ìåðàì, ìîæíà êîí-
ñòàòóâàòè, ùî ÿê ôóíêö³îíàëüí³ äîáàâêè âèêîðèñòîâó-
þòüñÿ ì³íåðàëüí³ òà ïðèðîäíîâ³äíîâëþâàí³ íàïîâíþ-
âà÷³, à òàêîæ îðãàí³÷í³ ñïîëóêè òà ³îíè ìåòàë³â.

Ðàí³øå íàìè áóëè ðîçðîáëåí³ ñêëàäîâ³ êîìïëåêñ-
íèõ ïðèñêîðþâà÷³â äåñòðóêö³¿ ïîë³îëåô³í³â íà îñíîâ³
ïåêòèíó [11], õ³òîçàíó [12], âóãëåâîä³â, àçîòîâì³ñíèõ
ñïîëóê ³ ïðèðîäíèõ îë³é [13].

Îãëÿä ë³òåðàòóðè ï³äòâåðäæóº, ùî ïðîáëåìà îòðè-
ìàííÿ äåãðàäàáåëüíèõ áàãàòîòîííàæíèõ ïîë³ìåð³â ïå-
ðåáóâàº â ñòàä³¿ äîñë³äæåííÿ ÿê ñïåêòðà ôóíêö³îíàëü-
íèõ äîáàâîê, òàê ³ ¿õ ê³ëüêîñò³ ç ìåòîþ ì³í³ì³çàö³¿, ³ íà
ñüîãîäí³ íå âèð³øåíà, ùî ïîòðåáóº ïîäàëüøîãî âäîñêî-
íàëåííÿ.

Åôåêòèâí³ñòü âèêîðèñòàííÿ ïðèðîäíîâ³äíîâëþâà-
íèõ äîáàâîê, òàêèõ ÿê ïîë³ñàõàðèäè – êðîõìàëü ³ öåëþ-
ëîçà, äîâåäåíà ñâ³òîâîþ ïðàêòèêîþ ïðè âèðîáíèöòâ³
òà âèêîðèñòàíí³ ìàòåð³àë³â: Bioplast, Ecoplast, Greenfill,
Solanyl, Biopar, Mater – Bi, Ever Corn Resin, Eco – Plus,
Eco – Shape ³ ñòàíîâèòü 35 % â³ä çàãàëüíîãî îáñÿãó
âèðîáíèöòâà á³îïîë³ìåð³â [14]. Êîíöåíòðàö³ÿ öèõ ôóíê-
ö³îíàëüíèõ äîáàâîê äëÿ äîñÿãíåííÿ åôåêòèâíîñò³ á³î-
äåãðàäàáåëüíîñò³ ñòàíîâèòü 30–50 % ìàñ., ùî ³ñòîòíî
âïëèâàº íà âèõ³äí³ ì³öí³ñí³ õàðàêòåðèñòèêè ìàòåð³àë³â
[15–20].

Âèêîðèñòàííÿ îêñîá³îäåãðàäàáåëüíèõ äîáàâîê

(íàïðèêëàä d2W ³ Tofas) çàáåçïå÷óº á³îäåãðàäà-
áåëüí³ñòü ïîë³ìåðíèõ ìàòåð³àë³â, ïðîòå âîíè ì³ñòÿòü
ðÿä àêòèâíèõ åëåìåíò³â: ìàðãàíöþ, êîáàëüòó, ìàãí³þ,
çàë³çà, ñòðîíö³þ, ÿê³ íåáåçïå÷í³ ïðè êîíòàêò³ ïàêóâàëü-
íèõ ìàòåð³àë³â ç õàð÷îâèìè ïðîäóêòàìè [21, 22], ó çâ’ÿç-
êó ç öèì ó ðÿä³ êðà¿í ªÑ ðîçãëÿäàºòüñÿ ïèòàííÿ ïðî
îáìåæåííÿ àáî ïîâíó çàáîðîíó âèêîðèñòàííÿ îêñîá³î-
äåãðàäàáåëüíèõ äîáàâîê.

Âèçíà÷åííÿ åôåêòèâíîñò³ äîáàâîê ïðèðîäíîâ³äíîâ-
ëþâàíîãî ïîõîäæåííÿ åêîëîã³÷íî îá´ðóíòîâàíå ³ ñâîº-
÷àñíå.

Ìåòà ö³º¿ ðîáîòè ïîëÿãàëà ó äîñë³äæåíí³ åôåêòèâ-
íîñò³ âïëèâó á³íàðíèõ ôóíêö³îíàëüíèõ äîáàâîê íà îñ-
íîâ³ ÏÂÑ, ïëàñòèô³êîâàíîãî ìîäèô³êîâàíèìè ð³ïàêî-
âîþ (ÌÐî) òà ñîºâîþ (ÌÑî) îë³ÿìè, íà äåãðàäà-
áåëüí³ñòü ÏÅ.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Äîñë³äæóâàíèé ïîë³îëåô³í – ïîë³åòèëåí ÏÂÄ ç
ïîêàçíèêîì òåêó÷îñò³ ðîçïëàâó (ÏÒÐ), ùî ñòàíîâèòü
1,67 ã/10 õâ.

Ïë³âêîâ³ çðàçêè êîìïîçèö³é, ùî ì³ñòèëè ÏÅ ç á³íàð-
íîþ ôóíêö³îíàëüíîþ äîáàâêîþ íà îñíîâ³ ÏÂÑ, îòðè-
ìóâàëè øëÿõîì ïðåñóâàííÿ ³ âèïðîáîâóâàëè íà
ì³öí³ñòü çà ÃÎÑÒ 14236 ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ ³
á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó.

Ôóíêö³îíàëüíó äîáàâêó îòðèìóâàëè øëÿõîì ñóì³-
ùåííÿ ÏÂÑ ç ïëàñòèô³êóâàëüíèìè äîáàâêàìè çà
ñï³ââ³äíîøåííÿ, ð³âíîãî 9:1.

Ïëàñòèô³êóâàëüí³ äîáàâêè îòðèìóâàëè øëÿõîì îá-
ðîáêè ÌÐî òà ÌÑî 20 %-âèì âîäíèì ðîç÷èíîì NaOH
çà ìàñîâîãî ñï³ââ³äíîøåííÿ, ð³âíîãî 4:1, çà òåìïåðàòóðè
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εr. % σr, 

ÌÏà εr. % 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 ÏÅ 
ÏÂÑ+ÌÐî 99 1 12,75 71,3 3,41 6,12 73,25 91,41 10,66 61,52 16,39 13,71 

2 ÏÅ 
ÏÂÑ+ÌÐî 98 2 11,20 46,4 2,96 8,74 73,57 81,40 9,56 44,40 14,64 4,31 

3 ÏÅ 
ÏÂÑ+ÌÐî 95 5 11,10 40,8 2,67 9,70 75,94 76,22 8,42 34,98 24,14 14,26 

4 ÏÅ 
ÏÂÑ+ÌÑî 99 1 13,10 81,8 3,89 8,86 70,30 89,16 9,94 56,10 24,12 31,41 

5 ÏÅ 
ÏÂÑ+ÌÑî 98 2 11,90 58,6 3,82 7,62 67,89 50,98 9,15 71,36 23,10 +21,77 

6 ÏÅ 
ÏÂÑ+ÌÑî 95 5 11,15 33,8 1,88 6,04 83,13 82,13 8,81 41,60 20,98 +23,07 

7 ÏÅ 100 - 7,4 208,8 8,36 29,28 +12,97 85,97 7,69 691,6 +3,91 +231,22 

Òàáëèöÿ 1. Ñêëàä êîìïîçèö³é ïîë³åòèëåíó ç ôóíêö³îíàëüíèìè äîáàâêàìè íà îñíîâ³ ïîë³â³í³ëîâîãî ñïèðòó ³
¿õí³ ô³çèêî-ìåõàí³÷í³ õàðàêòåðèñòèêè ï³ñëÿ ä³¿ ÓÔ-îïðîì³íåííÿ òà á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó
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50±2 °Ñ óïðîäîâæ 30 õâ.
ÓÔ-îïðîì³íåííÿ ïðîâîäèëè â ñòàíäàðòí³é êë³ìàòåð-

ìîêàìåð³ çà òåìïåðàòóðè 38±2 °Ñ ³ âîëîãîñò³ 96±2 %
óïðîäîâæ 120 ä³á.

Âïëèâ á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó äîñë³äæóâàëè
âèòðèìóâàííÿì çðàçê³â ó ́ ðóíò³ ç ðÍ 7 çà òåìïåðàòóðè
38±2 °Ñ óïðîäîâæ 120 ä³á.

Äîñë³äæóâàëè çðàçêè ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-
ñïåêòðîìåòð³¿ íà ìàñ-ñïåêòðîìåòð³ ÌÕ 1321. Ï³ðîë³ç
çðàçê³â ïðîâîäèëè â òåìïåðàòóðíîìó ä³àïàçîí³ 25–
400 °Ñ çà øâèäêîñò³ íàãð³âàííÿ 6±1 °Ñ/õâ. Îáðîáêó ìàñ-
ñïåêòð³â çä³éñíþâàëè çà ñïåö³àëüíî ðîçðîáëåíîþ êîì-
ï’þòåðíîþ ïðîãðàìîþ, ÿêà äàº çìîãó ðåºñòðóâàòè
³íòåíñèâí³ñòü êîæíîãî ëåòêîãî ïðîäóêòó äåñòðóêö³¿ çà
³íòåíñèâí³ñòþ ïëîù³ ï³ä â³äïîâ³äíèìè ï³êàìè.

Âèâ÷àëè òåìïåðàòóðíó çàëåæí³ñòü çì³íè ³íòåíñèâíîñò³

âèä³ëåííÿ ëåòêèõ ïðîäóêò³â (çàãàëüíèé ³îííèé ñòðóì (²),
óì.îä.) òåðìîäåñòðóêö³¿ äîñë³äæóâàíèõ çðàçê³â, ñêëàä
³îííèõ ôðàãìåíò³â çà ð³çíî¿ òåìïåðàòóðè, ¿õíþ ³íäèâ³-
äóàëüíó ïèòîìó ³íòåíñèâí³ñòü, âèçíà÷åíó â óìîâíèõ
îäèíèöÿõ.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ó òàáë. 1 íàâåäåíî ñêëàä êîìïîçèö³é ÏÅ ç á³íàðíè-
ìè ôóíêö³îíàëüíèìè äîáàâêàìè íà îñíîâ³ ÏÂÑ, ìîäè-
ô³êîâàíîãî ÌÐî ³ ÌÑî, òà ¿õ âïëèâ íà ô³çèêî-ìåõàí³÷í³
õàðàêòåðèñòèêè ï³ñëÿ ä³¿ ÓÔ-îïðîì³íåííÿ òà á³îëîã³÷-
íèõ ôàêòîð³â ́ ðóíòó.

Ç íàâåäåíèõ ó òàáë. 1 äàíèõ âèäíî, ùî âèêîðèñòàí³
ôóíêö³îíàëüí³ äîáàâêè íå ïîã³ðøóþòü âèõ³äí³ ô³çèêî-
ìåõàí³÷í³ õàðàêòåðèñòèêè êîìïîçèö³é, à âïëèâ äåñòðóê-
òèâíèõ ôàêòîð³â çì³íþº ¿õí³ âëàñòèâîñò³. Âòðàòà ì³öíîñò³
ï³ñëÿ ÓÔ-îïðîì³íåííÿ äëÿ êîìïîçèö³¿ ç ôóíêö³îíàëü-
íîþ äîáàâêîþ ÏÂÑ + ÌÐî ñòàíîâèëà 73–76 %, à ï³ñëÿ
âïëèâó ãðóíòó 15–24 %. Äëÿ êîìïîçèö³¿ ÏÅ ç ôóíêö³î-
íàëüíîþ äîáàâêîþ ÏÂÑ + ÌÑî âòðàòà ì³öíîñò³ ï³ñëÿ
ÓÔ-îïðîì³íåííÿ ñòàíîâèëà 68–83 %, à ï³ñëÿ âïëèâó
´ðóíòó 21–24 %.

Ïîäàëüø³ äîñë³äæåííÿ, ïðîâåäåí³ ìàñ-ñïåêòðîìåò-
ðè÷íèì ìåòîäîì, áóëè ñïðÿìîâàí³ íà âèçíà÷åííÿ
ñòðóêòóðíèõ çì³í ó êîìïîçèö³ÿõ ÏÅ çà ðàõóíîê ââåäåí-
íÿ ôóíêö³îíàëüíèõ äîáàâîê, ÿê³ ïðèøâèäøóþòü äåãðà-
äàáåëüí³ñòü, ùî áóëî âèçíà÷åíî ô³çèêî-ìåõàí³÷íèìè
âèïðîáîâóâàííÿìè íà ì³öí³ñòü.

Ìàñ-ñïåêòðîìåòð çàáåçïå÷óº âèçíà÷åííÿ ³îííèõ
ôðàãìåíò³â ó ä³àïàçîí³ ìàñîâèõ ÷èñåë 1–4000. Îáðîá-
êó ìàñ-ñïåêòð³â ëåòêèõ ïðîäóêò³â òåðìîäåñòðóêö³¿
îá’ºêò³â äîñë³äæåííÿ ïðîâîäèëè çà äîïîìîãîþ êîìï’þ-
òåðíî¿ ïðîãðàìè, ÿêà äàº çìîãó ðåºñòðóâàòè ³íòåí-
ñèâí³ñòü êîæíîãî ³îííîãî ôðàãìåíòà çà ³íòåãðàëüíîþ
ïëîùåþ ï³ä â³äïîâ³äíèì ï³êîì. Âèçíà÷àëè òåìïåðàòóð-
íó çàëåæí³ñòü çì³íè ³íòåíñèâíîñò³ âèä³ëåííÿ ëåòêèõ
ïðîäóêò³â òåðìîäåñòðóêö³¿ äîñë³äæóâàíèõ îá’ºêò³â (çà-
ãàëüíèé ³îííèé ñòðóì (²), ñêëàä ³îííèõ ôðàãìåíò³â, ùî
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Ðèñ. 1. Òåìïåðàòóðíà çàëåæí³ñòü çàãàëüíîãî ³îííîãî

ñòðóìó âèä³ëåííÿ ëåòêèõ ïðîäóêò³â òåðìîäåñòðóêö³¿: ÏÅ
âèõ³äíîãî (1);  ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ (2) òà
á³îëîã³÷íèõ ôàêòîð³â ãðóíòó (3)

m/z ²îííèé ôðàãìåíò 
²·104, óì. îä. 

ÏÅ âèõ³äíèé ï³ñëÿ ÓÔ-
îïðîì³íåííÿ ï³ñëÿ ´ðóíòó 

57 Ñ4Í9 1,16 0,84 1,05 
55 Ñ4Í7 1,00 0,79 0,51 
43 Ñ3Í7 0,96 1,29 0,97 
41 Ñ3Í5 0,95 1,09 0,73 
56 Ñ4Í8 0,74 0,64 0,60 
71 Ñ5Í11 0,73 0,64 0,56 
70 Ñ5Í10 0,59 0,52 0,45 
83 Ñ6Í11 0,53 0,59 0,39 
85 Ñ6Í13 0,49 0,44 0,41 
97 Ñ2Í9Î 0,49 0,41 0,41 
29 Ñ2Í5 0,35 0,34 0,28 

Çàãàëüíà ê³ëüê³ñòü ôðàãìåíò³â  â îáë. max 45 44 42 
max m/z 140 139 154 

Òàáëèöÿ 2. Ñêëàä õàðàêòåðèñòè÷íèõ ìàñ-ñïåêòð³â ëåòêèõ ïðîäóêò³â äåñòðóêö³¿ òà ¿õ ³íòåíñèâí³ñòü â îáëàñò³
ìàêñèìóìó 390 °Ñ êîìïîçèö³é ÏÅ âèõ³äíèõ ³ ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ òà á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó
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óòâîðþþòüñÿ ïðè òåðìîðîçêëàäàíí³ çðàçê³â çà ð³çíèõ
òåìïåðàòóð, ³íòåíñèâí³ñòü (²) âèä³ëåííÿ îêðåìèõ ³îí-
íèõ ôðàãìåíò³â â óì.îä.

Íà ðèñ. 1 ³ â òàáë. 2 íàâåäåí³ òåìïåðàòóðíà çà-
ëåæí³ñòü çàãàëüíîãî ³îííîãî ñòðóìó âèä³ëåííÿ ëåòêèõ
ïðîäóêò³â òåðìîäåñòðóêö³¿ çðàçê³â, ñêëàä õàðàêòåðèñ-
òè÷íèõ ñïåêòð³â ÏÅ âèõ³äíîãî ï³ñëÿ âïëèâó á³îëîã³÷íèõ
ôàêòîð³â  ́ ðóíòó  òà ï³ñëÿ ÓÔ-îïðîì³íåííÿ.

Êð³ì òîãî áóëè äîñë³äæåí³ êîìïîçèö³¿ ÏÅ ç

0 100 200 300 400
0

40

80

120

160

1

2

3

Çà
ãà

ëü
íè

é 
³î

íí
èé

 ñò
ðó

ì,
 ó

ì.
 î

ä.
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Ðèñ. 2. Çàëåæí³ñòü çàãàëüíîãî ³îííîãî ñòðóìó

âèä³ëåííÿ ëåòêèõ ïðîäóêò³â äåñòðóêö³¿ â³ä òåìïåðàòóðè
çðàçêà  ¹3 ÏÅ ç ôóíêö³îíàëüíîþ äîáàâêîþ ÏÂÑ + ÌÐî
âèõ³äíîãî (1), ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ (2) òà
á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó (3)

ôóíêö³îíàëüíèìè äîáàâêàìè íà îñíîâ³ ÏÂÑ, ìîäèô³-
êîâàíîãî ÌÐî ÷è ÌÑî.

Ðåçóëüòàòè ìàñ-ñïåêòðîìåòðè÷íèõ äîñë³äæåíü íà-
âåäåí³ íà ðèñ. 2, 3 ³ â òàáë. 3, 4.

Ç íàâåäåíèõ ðèñóíê³â âèäíî, ùî ³íòåíñèâí³ñòü âèä³-
ëåííÿ ëåòêèõ ïðîäóêò³â ï³äâèùóºòüñÿ ùîäî âèõ³äíîãî
çðàçêà çà íèæ÷èõ òåìïåðàòóð ï³ðîë³çó.

Ç íàâåäåíèõ äàíèõ íà ðèñ. 2, 3 ³ â òàáë. 3, 4 âèäíî,
ùî ôóíêö³îíàëüí³ äîáàâêè, ÿê³ ì³ñòÿòü ÏÂÑ ç
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Ò, °Ñ
Ðèñ. 3. Çàëåæí³ñòü çàãàëüíîãî ³îííîãî ñòðóìó

âèä³ëåííÿ ëåòêèõ ïðîäóêò³â äåñòðóêö³¿ â³ä òåìïåðàòóðè
çðàçêà ¹ 6  ÏÅ ç ôóíêö³îíàëüíîþ äîáàâêîþ ÏÂÑ +
ÌÑî âèõ³äíîãî (1), ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ (2)
òà á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó (3)

m/z ²îííèé ôðàãìåíò 
²·104, óì. îä./ ∆², % 

¹3 âèõ³äíèé çà 
Ò=390 °Ñ 

ä³ÿ ÓÔ-îïðîì³íåííÿ çà   
Ò= 387 °Ñ 

ä³ÿ ´ðóíòó çà 
Ò=388 °Ñ 

43 Ñ3Í7 ; ÑÍ3ÑÎ  0,64 0,44/31,2 0,49/23,4 
57 Ñ4Í9 ;  C2H5CO 0,63 0,46/26,9 0,48/23,8 
55 Ñ4Í7 0,61 0,51/16,4 0,44/27,8 
41 Ñ3Í5   0,61 0,48/21,3 0,42/31,1 
56 Ñ4Í8 0,39 0,29/25,6 0,27/30,7 
69 Ñ5Í9; C3H5CHO  0,34 0,28/17,6 0,26/23,5 
70 Ñ5Í10 0,33 0,33/0,0 0,30/9,1 
71 Ñ5Í11;  C3H7CO 0,32 0,29/9,3 0,27/15,6 
42 Ñ3Í6  0,24 0,16/ 33,3 0,14/41,7 
97 Ñ7Í13  0,23 0,16/30,4 0,16/30,4 
29 Ñ2Í5;  ÑÍÎ  0,20 0,13/35,0 0,13/35,0 
83 Ñ6Í11 0,19 0,22/+15,8 0,22/ + 15,8 
85 Ñ6Í13; C4H9CO 0,17 0,15/11,7 0,17/0,0 
39 Ñ3Í3 0,16 0,13/18,7 0,11/31,2 
27 Ñ2Í3 0,15 0,10/33,3 0,09/40,0 

Çàãàëüíà ê³ëüê³ñòü ôðàãìåíò³â  â 
îáë. max 30 32 30 

max m/z 112 112 112 

Òàáëèöÿ 3. Çì³íè ïèòîìî¿ ³íòåíñèâíîñò³ õàðàêòåðíèõ ³îííèõ ôðàãìåíò³â çðàçêà ¹ 3 ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ
³ á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó
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Äåãðàäàáåëüí³ âëàñòèâîñò³ êîìïîçèö³é íà îñíîâ³ ïîë³åòèëåíó òà ïëàñòèô³êîâàíîãî ïîë³â³í³ëîâîãî ñïèðòó

ïëàñòèô³êóâàëüíèìè êîìïîíåíòàìè íà îñíîâ³ ìîäèô³-
êîâàíèõ îë³é, çì³íþþòü ñòðóêòóðó êîìïîçèö³é ÏÅ, ùî
ïîçíà÷àºòüñÿ íà ï³äâèùåíí³ çàëåæíîñò³ ³îííîãî ñòðó-
ìó âèä³ëåííÿ ëåòêèõ ïðîäóêò³â â³ä òåìïåðàòóðè.

Íàéá³ëüø ³ñòîòíå çíèæåííÿ ³íòåíñèâíîñò³ ³îííèõ
ôðàãìåíò³â â îáëàñò³ ìàêñèìóìó ñïîñòåð³ãàºòüñÿ çà
íàÿâíîñò³ ôóíêö³îíàëüíî¿ äîáàâêè ÏÂÑ-ÌÑî: íà 7–96 %
ï³ñëÿ ä³¿ ÓÔ-îïðîì³íåííÿ ³ íà 9–42 % ï³ñëÿ âïëèâó
á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó. Çà íàÿâíîñò³ ôóíêö³îíàëü-
íî¿ äîáàâêè ÏÂÑ-ÌÐî çíèæåííÿ ³íòåíñèâíîñò³ ñòàíî-
âèòü 9–35 % ï³ñëÿ ÓÔ-îïðîì³íåííÿ ³ 9–40 % – ï³ñëÿ
á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó.

Îòæå, çã³äíî ç íàâåäåíèìè äàíèìè çì³íè ô³çèêî-
ìåõàí³÷íèõ õàðàêòåðèñòèê êîìïîçèö³é ÏÅ ç ôóíêö³î-
íàëüíèìè äîáàâêàìè ïëàñòèô³êîâàíîãî ÏÂÑ, íàé-
á³ëüø åôåêòèâíèìè ôóíêö³îíàëüíèìè äîáàâêàìè, ùî

m/z ²îííèé ôðàãìåíò 
²·104, óì. îä./ ∆², % 

¹6  âèõ³äíèé çà   
Ò=390 °Ñ 

ä³ÿ  ÓÔ-îïðîì³íåííÿ çà   
Ò=387 °Ñ 

ä³ÿ âïëèâó ´ðóíòó çà       
Ò=390 °Ñ 

43 ÑÍ3ÑÎ;  Ñ3Í7  9,37 0,56/94,0 0,49/23,4 
41 Ñ3Í5   7,07 0,51/92,8 0,48/23,8 
42 Ñ3Í6  6,10 0,21/96,5 0,44/27,8 
44 C2H3ÎH; ÑÎ2 0,78 0,016/97,9 0,42/31,1 
55 ÑÍ2ÑÍÑÎ; Ñ4Í7   0,56 0,42/25,0 0,27/30,7 

57 ÑÍ3ÑÎÑÍ2; Ñ2Í5ÑÎ; 
Ñ4Í9 

0,56 0,66/+17,8 0,26/23,5 

56 Ñ4Í8 0,34 0,31/8,8 0,30/9,1 
69 Ñ5Í9; C3H4CHO  0,19 0,35/+84,2 0,27/15,6 
70 Ñ5Í10 0,18 0,28/+55,5 0,14/41,7 
71 Ñ5Í11;  C3H7CO 0,16 0,36/+125,0 0,16/30,4 
29 Ñ2Í5;  ÑÍÎ  0,15 0,20/+33,3 0,13/35,0 
27 Ñ2Í3 0,14 0,09/35,7 0,22/+15,8 
39 Ñ3Í3 0,14 0,13/7,1 0,17/0,0 

Çàãàëüíà ê³ëüê³ñòü ôðàãìåíò³â  â 
îáë. max 28 33 19 

max m/z 111 125 97 

Òàáëèöÿ 4. Çì³íà ïèòîìî¿ ³íòåíñèâíîñò³ õàðàêòåðíèõ ³îííèõ ôðàãìåíò³â çðàçêà ¹ 6 ï³ñëÿ âïëèâó ÓÔ-îïðîì³íåííÿ
òà á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó

³í³ö³þþòü äåãðàäàáåëüí³ñòü êîìïîçèö³é ÏÅ ï³ä ä³ºþ ÿê
ÓÔ-îïðîì³íåííÿ, òàê ³ á³îëîã³÷íèõ ôàêòîð³â ́ ðóíòó, º
ÏÂÑ ç ïëàñòèô³êóâàëüíèìè äîáàâêàìè ÌÐî òà ÌÑî çà
êîíöåíòðàö³¿ 1–5 %.
Âèñíîâêè.

Äîñë³äæåíî ìîæëèâ³ñòü çàáåçïå÷åííÿ äåãðàäàáåëü-
íîñò³ êîìïîçèö³é ïîë³åòèëåíó çà ðàõóíîê ââåäåííÿ ïîë³-
â³í³ëîâîãî ñïèðòó, ïëàñòèô³êîâàíîãî ìîäèô³êîâàíèìè
1–5 % ìàñ. ñîºâî¿ àáî ð³ïàêîâî¿ îë³é ï³ä ä³ºþ ïðèðîä-
íèõ ôàêòîð³â.

Ìàñ-ñïåêòðîìåòðè÷íèìè äîñë³äæåííÿìè çàçíà÷å-
íèõ êîìïîçèö³é äîâåäåí³ ñòðóêòóðí³ çì³íè, ÿê³ â³äáóâà-
þòüñÿ âíàñë³äîê âïëèâó ôóíêö³îíàëüíèõ äîáàâîê íà
¿õíþ äåãðàäàáåëüí³ñòü, ùî ô³êñóºòüñÿ çì³íàìè ³íòåí-
ñèâíîñò³ ëåòêèõ ïðîäóêò³â äåñòðóêö³¿, ¿õ ê³ëüê³ñòþ òà
max m/z.

Ë³òåðàòóðà
1. Marketolohi informuiut, Upakovka, 2018, 1:16 - 18.
2. Hoffman T., Reznickova I., Kozakova T. Assessing
biodegradability of plastics based on poly (vinyl alcohol)
and protein wastes, Polym. Degrad. ànd Stab., 2003, 79,
3:511-519. https://doi.org/10.1016/S0141-3910(02)00367-1
3. Ke T., Sun X.S. Starch, polylactic acid, and polyvinyl
alcohol blends, J. of Polymers and the Environment, 2003,
11, 1:7-14.
4. Mohsin M., Hossin A., Haik Y. Thermomechanical
properties of poly(vinyl alcohol) plasticized with varying
ratios of sorbitol, Materials Sci. and Engineering: A, 2011,
528, 3:925-930. https://doi.org/10.1016/j.msea.2010.09.100
5. Cinelli P., Chiellini E., Lanton J.W., Jmam S.H. Foamed
articles based on potato starch, corn fibers and polyvinyl
alcohol, Polym. Degrad. and Stab., 2006, 91:1147-1155.

https://doi.org/10.1016/j.polymdegradstab.2005.07.001
6. Chevillard, A., Angellier-Coussy H., Cuq B., Guillard V.,
Cesar G., Gontard N., Gastaldi E.  How the
biodegradability of wheat gluten based agromaterial can
be modulated by adding nanoclays, Polym. Degrad. And
Stab., 2011, 12:2088-2097. https://doi.org/10.1016/
j.polymdegradstab.2011.09.024
7. Fukusima K., Gimenez E., Cabedo L., Lagaron J., Fei-
joo J. Biotic degradation of poly(dl-lactide) based
nanocomposites, Polym. Degrad. and Stab., 2012, 97,
8:1278-1284. https://doi.org/10.1016/j.polymdegradstab.
2012.05.029
8. Santhoskumar A.U., Devarajan S., Palanivelu K., Ivo
Romauld S. A New additive formulation to improve
biodegradation of low density polyethylene, Int. J. of



251

Ò.Â. Äìèòð³ºâà, Ñ.Ê. Êðèìîâñüêà, Â.². Áîðòíèöüêèé, Ñ.Ì. Êîáèë³íñüêèé, Ñ.Â. Ðÿáîâ

Chem. Tech. Research, 2014, 6, 9:4194-4200.
9. Abrusci C., Pablos J., Marin I., Espi E., Corrales T.,
Catalina F. Comparative effect of metal stearates as pro-
oxidant additives on bacterial biodegradation of thermal -
and photo-degraded low density polyethylene mulching
films, International Biodeterioration Biodegradation, 2013,
83:25-32. https://doi.org/10.1016/j.ibiod.2013.04.002
10. Jeong J., Kim Nam M. Degradation of linear low density
polyethylene exposed to UV - irradiation, Europ. Polym. J,
2014, 52:146-153. https://doi.org/10.1016/
j.eurpolymj.2014.01.007
11. Dmitrieva T.V., Kobylinskyi S.M., Boiko V.V., Riabov
S.V., Krymovska S.K., Vplyv metalokompleksiv na osnovi
pektynu na degradabelnist polietylenu [The influence of
pectin based metal-complexes on degradation of
polyethylene], Polimernyi Zhurnal, 2015, 37, 3:263-268.
(In Ukrainian). https://doi.org/10.15407/polymerj.37.03.263
12. Kobylinskiy S.M., Dmytrieva T.V., Riabov S.V.,
Bortnytsky V.I., Krymovska S.K., Kercha Yu.Yu. Vplyv
metalokompleksiv khitozanu na degradabelni vlastyvosti
polietylenu [An influence chitosan’s metal-complex on
degradation properties of polyethylene], Ukrainskyi
Khimichnyi Zhurnal, 2014, 11:52-55 (In Ukrainian).
13. Dmitrieva T.V., Bortnytskyi V.I., Riabov S.V.,
Kobylinskyi S.M., Krymovska S.K. Vplyv
pryrodovidnovliuvanykh funktsionalnykh dobavok na
osnovi roslynnykh oliy na degradabelnist polietylenu [The
influence of renewable functional additives based on
vegetable oil on the destruction of polyethylene],
Polymernyi Zhurnal, 2017, 39, 3:183-187 (In Ukrainian).
https://doi.org/10.15407/polymerj.39.03.183
14. Zamotayev P.V. Polimery s pristavkoy BIO [Polymers
with a prefix BIO]. Upakovka, 2018, 1:25-29 (in Russian).
15. Knitter M., Dobzhinska-Mizera M. Mekhanicheskiie
svoystva izotakticheskogo polipropilena,
modifitsirovanogo termoplastichnym kartophelnym
krakhmalom [Mekhanical properties of isotactic
polypropylene dodified by potatoes starch]. Mekhanika
kompozitnykh materialov, 2015, 51, 2:349-360 (in Russian).
https://doi.org/10.1007/s11029-015-9496-5
16. Kercha Yu.Yu., Laptii S.V., Yakovenko O.H.,

Koptseva L.A. Rozrobka kompozytsii iz vykorystanniam
syrovyny iz vidnovliuvanykh dzherel [Development of
compositions with use of raw from renewable sources].
Kompozytsiini polimerni materialy, 1999, 21, 1:51-53 (in
Ukrainian).
17. Galikhanov M.F., Minnakhmetova A.K., Zhygaye-
va I.A., Deberdeev R.Ya. Vliyanie electretnogo zariada
kompozitsiy polietilena s krakhmalom na ikh
biorazlagaemost [Effect of the electret charge of
polyethylene-starch composites on their biodegradability].
Plasticheskie massy, 2009, 8:41-44 (in Russian).
International polymer science and technology, 2009, 37,
11:59-64. https://doi.org/10.1177/0307174X1003701109
18. Beslaneeva Z.L., Sherieva M.L., Mashukov N.I.,
Shustov G.B. Biodestruktsiya polietilenovykh kompozitov
na osnove krakhmala i ultradispersnykh metallicheskikh
chastits [Biodegradation of polyethylene composites
based on starch and ultra-disperse metal particles].
Plasticheskie massy, 2010, 11:59-61. (in Russian).
International polymer science and technology, 2010, 38,
11:55-57. https://doi.org/10.1177/0307174X1103801111
19. Yermolovich O.A., Ekologicheski bezopasnye
polimernye materialy [Environmentally friendly polymeric
materials]. Kompozitnye materialy, 2007, 1:20-30 (in
Russian).
20. Ukhartseva I.Yu. Samodestruktiruyemye polimernye
materialy [Self-degradable polymeric material]
Plasticheskie massy, 2009, 6:45-48. (in Russian).
International polymer science and technology, 37, 9:59-
62. https://doi.org/10.1177/0307174X1003700913
21. Zamotayev O bednom pakete zamolvite slovo [About
a package, say a word]. Upakovka, 2018, 2:4-8. (in Russian).
22. Korchagin V. I., Protasov A. V., Melnova M. S.,
Zhan S. L., Cherkasova T. Yu. Morfologiya importnykh
dobavok, ispolzuemykh pri poluchenii
oksobiorazlagaemykh poliolefinov [Morphology of import
additives used in obtaining oxobio-degradable
polyolefins]. Vestnik VGUIT [Proceedings of VSUET].
2017, 1:227-231 (in Russian). https://doi.org/10.20914/2310-
1202-2017-1-227-231

Íàä³éøëà äî ðåäàêö³¿ 25 êâ³òíÿ 2019 ð.



252

Äåãðàäàáåëüí³ âëàñòèâîñò³ êîìïîçèö³é íà îñíîâ³ ïîë³åòèëåíó òà ïëàñòèô³êîâàíîãî ïîë³â³í³ëîâîãî ñïèðòó

Äåãðàäàáåëüíûå ñâîéñòâà êîìïîçèöèé íà îñíîâå ïîëèýòèëåíà è
ïëàñòèôèöèðîâàííîãî ïîëèâèíèëîâîãî ñïèðòà

Ò.Â. Äìèòðèåâà, Ñ.Ê. Êðûìîâñêàÿ, Â.È. Áîðòíèöêèé, Ñ.Í. Êîáûëèíñêèé, Ñ.Â. Ðÿáîâ

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Èññëåäîâàíà äåãðàäàáåëüíîñòü êîìïîçèöèé ïîëèýòèëåíà (ÏÝ) ñ äîáàâêàìè 1–5 % ìàñ.
ïîëèâèíèëîâîãî ñïèðòà (ÏÂÑ), ïëàñòèôèöèðîâàííîãî ìîäèôèöèðîâàííûì ðàïñîâûì (ÌÐÎ)
èëè ñîåâûì ìàñëîì (ÌÑÎ). Ñïîñîáíîñòü ê äåãðàäàöèè îöåíèâàëè ïî èçìåíåíèÿì ôèçèêî-
ìåõàíè÷åñêèõ õàðàêòåðèñòèê è ìåòîäîì ìàññ-ñïåêòðîìåòðèè ïî ñïåêòðó èîííûõ ôðàãìåíòîâ,
èõ êîëè÷åñòâà è èíòåíñèâíîñòè, êîòîðûå ïðîèñõîäÿò ïîä äåéñòâèåì ÓÔ-îáëó÷åíèÿ è
áèîëîãè÷åñêèõ ôàêòîðîâ ïî÷âû â òå÷åíèå 120 ñóòîê. Óñòàíîâëåíî, ÷òî ââåäåíèå äîáàâîê
óâåëè÷èâàëî íà÷àëüíóþ ïðî÷íîñòü êîìïîçèöèé ïî ñðàâíåíèþ ñ èñõîäíûì ÏÝ íà 50–77 % (11,10–
13,10 ÌÏà), òîãäà êàê ïîñëå âîçäåéñòâèÿ ÓÔ-îáëó÷åíèÿ, âñëåäñòâèå ïðîõîæäåíèÿ
äåñòðóêòèâíûõ ïðîöåññîâ, ïðîèñõîäèëî åå ñóùåñòâåííîå ñíèæåíèå äî 2–3 ÌÏà. Äåéñòâèå
áèîëîãè÷åñêèõ ôàêòîðîâ ïî÷âû ïðèâîäèëî ê óìåíüøåíèþ ïðî÷íîñòè îáðàçöîâ ëèøü íà 15–24 %.
Íà ïîòåðþ óäëèíåíèÿ àíàëîãè÷íî ñóùåñòâåííî âëèÿëî ÓÔ-îáëó÷åíèå (äî 90 % îò èñõîäíîãî
çíà÷åíèÿ), êîòîðîå áûëî â ïðåäåëàõ 40–80 %. Ïðîöåññ òåðìîäåñòðóêöèè îáðàçöîâ êîìïîçèöèé
ÏÝ ñ ôóíêöèîíàëüíûìè äîáàâêàìè èññëåäîâàíî ìåòîäîì ïèðîëèòè÷åñêîé ìàññ-ñïåêòðîìåòðèè.
Ïîêàçàíî, ÷òî ïðè ââåäåíèè ôóíêöèîíàëüíûõ äîáàâîê íà îñíîâå ÏÂÑ, ïëàñòèôèöèðîâàííîãî
ÌÐÎ èëè ÌÑÎ, ïðîèñõîäÿò ñòðóêòóðíûå ïðåîáðàçîâàíèÿ, îïðåäåëåííûå ìåòîäîì ìàññ-
ñïåêòðîìåòðèè ïî ñïåêòðó èîííûõ ôðàãìåíòîâ, èçìåíåíèÿ èõ êîëè÷åñòâà è èíòåíñèâíîñòè.

Êëþ÷åâûå ñëîâà: äåãðàäàáåëüíîñòü, ïîëèýòèëåí, ïëàñòèôèöèðîâàííûé ïîëèâèíèëîâûé ñïèðò, ïèðîëèòè÷åñêàÿ
ìàññ-ñïåêòðîìåòðèÿ.

Degradable properties of compositions based on polyethylene and plasticized
polyvinyl alcohol

T.V. Dmytriieva, S.K. Krymovska, V.I. Bortnytskyi, S.M. Kobylinskyi, S.V. Riabov

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

In the present paper the degradation of polyethylene (PE) compositions with additives of 1–5 wt %
polyvinyl alcohol (PVA) plasticized with modified rape (MRo) or soybean oil (MSo) was studied. The
degradability of obtained composites was evaluated by changes in physico-mechanical characteristics
which take place under the influence of UV irradiation and biological factors of the soil during 120
days. It was found that the initial tensile strength of compositions with additives of plasticized polyvinyl
alcohol is increased compared with the pure PE by 50–77 % (11,10–13,10 MPa). Meanwhile, after the
UV exposure due to the passage of degradation processes, tensile strength was significantly reduced
(up to 2–3 MPa). The action of biological soil factors has a little effect on physico-mechanical
characteristics, as the result the tensile strength of the samples is reduced by only 15–24 %. The loss
of elongation was similarly influenced by UV irradiation and decreased up to 90 % of the original
value, which was within 40–80 %. The pyrolysis mass spectrometry was also used to describe the
processes which occur during sample aging. It is shown that the functional additives based on
plasticized PVA induce the structural transformations were assessed by the change of quantity and
intensity of ion fragments. For instance, the intensity of ion fragments for PE-MSo decreased by 7–96
% after the UV exposure and 9–42 % after the aging of composite in the soil.

Keywords: degradability, polyethylene, polyvinyl alcohol, pyrolysis mass spectrometry.


