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Â ðîáîò³ çä³éñíåí³ äîñë³äæåííÿ âïëèâó áîðíî¿ êèñëîòè, òåìïåðàòóðè ïðîöåñó íà

á³îäåñòðóêö³þ ïë³âêè ç ïîë³â³í³ëîâîãî ñïèðòó (ÏÂÑ). Âñòàíîâëåíî, ùî ìàêñèìàëü-

íî¿ ñò³éêîñò³ êîìïîçèö³¿ ïë³âîê äî ðîç÷èíåííÿ ó âîä³ ìîæíà äîñÿãòè ÿê íàãð³âàí-

íÿì ïðè òåìïåðàòóð³ âèùå 443 Ê ïðîòÿãîì 30 õâ, òàê ³ äîäàâàííÿì áîðíî¿ êèñëîòè

(30% â³äíîñíî ñóõîãî çàëèøêó ÏÂÑ). Ïðè íàãð³âàíí³ ÏÂÑ çá³ëüøóºòüñÿ òâåðä³ñòü ó

ïîð³âíÿíí³ ç äîäàâàííÿì äî ïîë³ìåðíî¿ êîìïîçèö³¿ çðàçê³â áîðíî¿ êèñëîòè â ðîç-

÷èí³ ÏÂÑ â³ä 10 äî 30%, ùî ñâ³ä÷èòü ïðî á³ëüøèé âïëèâ òåðìîîáðîáëåííÿ íà

ù³ëüí³ñòü ïîïåðå÷íèõ çâ’ÿçê³â ³ ãóñòèíó ñ³òêè ÏÂÑ. Çá³ëüøåííÿ â’ÿçêîñò³ ðîç÷èí³â

çðàçê³â ïë³âêè ïðè 30% êîíöåíòðàö³¿ áîðíî¿ êèñëîòè â 1%-íîìó ðîç÷èí³ ÏÂÑ (â³äíîñ-

íî ñóõîãî çàëèøêó ÏÂÑ) ìàº íàñë³äêîì çá³ëüøåííÿ ì³æìàêðîìîëåêóëÿðíèõ êîîð-

äèíàö³éíèõ çâ’ÿçê³â áîðàò–ÏÂÑ. Äîñë³äæåíà á³îäåãðàäóþ÷à ä³ÿ ì³êðîîðãàí³çì³â íà

êîìïîçèö³¿ ç ïîë³â³í³ëîâîãî ñïèðòó, áîðíî¿ êèñëîòè òà êðîõìàëþ. Âñòàíîâëåíà îï-

òèìàëüíà êîíöåíòðàö³ÿ áîðíî¿ êèñëîòè 20% (â³äíîñíî ñóõîãî çàëèøêó ÏÂÑ) äëÿ

á³îäåãðàäóþ÷î¿ ïîë³ìåðíî¿ êîìïîçèö³¿. Âñòàíîâëåí³ çíà÷í³ çì³íè ïîâåðõíåâî¿ ñòðóê-

òóðè êîìïîçèö³éíèõ çðàçê³â íà îñíîâ³ ÏÂÑ ó á³îãóìóñ³ íà 20 äîáó, ùî º ðåçóëüòà-

òîì á³îäåãðàäàö³¿ ï³ä ä³ºþ ì³êðîîðãàí³çì³â: áàêòåð³é 108…109, àêòèíîì³öåò³â 105…108

êë³òèí íà ãðàì âîëîãîãî ñóáñòðàòó.
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òà, á³îãóìóñ.

DOI: 10.32434/0321-4095-2020-128-1-86-91

Âñòóï

Âàãîìèì ôàêòîðîì ïîã³ðøåííÿ åêîëîã³÷íî¿
îáñòàíîâêè º ïîâ³ëüíà àñèì³ëÿö³ÿ â³äõîä³â ïîë³-
ìåðíèõ ìàòåð³àë³â ï³ñëÿ ¿õ âèêîðèñòàííÿ. Ïîë³-
ìåðí³ ìàòåð³àëè ìîæóòü äåãðàäóâàòè óïðîäîâæ
80–100 ðîê³â, ùî âèêëèêàº ïðîáëåìè ó íàâêî-
ëèøíüîìó ñåðåäîâèù³, åêîíîì³êè òà ãàëóç³ óï-
ðàâë³ííÿ â³äõîäàìè. Ïåðñïåêòèâíèì íà ñüî-
ãîäí³øí³é äåíü ââàæàºòüñÿ ñòâîðåííÿ êîìïîçèò³â
íà îñíîâ³ ñèíòåòè÷íîãî ïîë³ìåðó, â îá’ºì³ ÿêî-
ãî âêëþ÷åíèé ïðèðîäíèé ïîë³ìåð [1]. Äîäàâàí-
íÿ äî ïîë³ìåð³â ïîë³ñàõàðèä³â çá³ëüøóº ðîçðèâ-
íó ì³öí³ñòü, çìåíøóº ïîäîâæåííÿ ïðè ðîçðèâ³,
çíèæóº ïðîíèêí³ñòü ïë³âîê äî ïàðè âîäè òà ïðè-
ñêîðþº ïðîöåñ á³îäåãðàäàö³¿ [2]. Â³äîì³ òåõíî-
ëîã³¿ âèãîòîâëåííÿ á³îäåñòðóêö³éíèõ ïîë³ìåðíèõ
ìàòåð³àë³â ç äîäàâàííÿì êðîõìàëþ. Òàê, äëÿ ïî-
äîëàííÿ ìåõàí³÷íèõ íåäîë³ê³â òåðìîïëàñòè÷íî-
ãî êðîõìàëþ äîäàþòü ñèíòåòè÷í³ ïîë³ìåðè. Ïîë³-
ìåðíèé ìàòåð³àë íà îñíîâ³ ïîë³â³í³ëîâîãî ñïèðòó

³ êðîõìàëþ ìàº ïðèäàòí³ äëÿ ïàêóâàëüíî¿ ïðî-
ìèñëîâîñò³ ô³çèêî-ìåõàí³÷í³ õàðàêòåðèñòèêè [3].
Ñóì³ø³ ÏÂÑ òà êðîõìàëþ ìàí³îêó ìàþòü ìîæ-
ëèâ³ñòü çàì³íèòè çâè÷àéí³ ïîë³ìåðè íà á³îäåã-
ðàäóþ÷³ [4]. Âñòàíîâëåíî, ùî äîäàâàííÿ êóêó-
ðóäçÿíîãî êðîõìàëþ äî ìàòðèö³ ÏÂÑ çá³ëüøóº
øâèäê³ñòü äåãðàäàö³¿ ïë³âîê [5]. Çäàòí³ñòü ðîç-
êëàäàòèñü ï³ä ä³ºþ ì³êðîîðãàí³çì³â ïîë³â³í³ëî-
âîãî ñïèðòó ð³çêî çá³ëüøóºòüñÿ ïðè ââåäåíí³ â
ïîë³ìåðíó ìàòðèöþ äîì³øîê, ùî á³îäåñòðóêòó-
þòüñÿ (öåëþëîçà, êðîõìàëü, ëàêòîçà, êàçå¿í,
äð³æäæ³, ñå÷îâèíà òîùî) òà ëåãêî çàñâîþþòüñÿ
ãðèáêàìè ³ ì³êðîîðãàí³çìàìè. Âñòàíîâëåíî, ùî
ãðèáêîâèé øòàì P. chrysosporium PV1 ï³ñëÿ íà-
ëèïàííÿ äî ïîâåðõí³ ïîë³â³í³ëõëîðèäíî¿ ïë³âêè,
çì³øàíî¿ ç êðîõìàëåì, çäàòíèé íå ò³ëüêè çì³íþ-
âàòè ïîâåðõíþ ïîë³ìåðó, àëå ³ çíèæóâàòè éîãî
ìîëåêóëÿðíó ìàñó [6]. ÏÂÑ ç ñåðåäí³ì ðîçì³ðîì
ëàíöþãà, íåçàëåæíî â³ä ¿õ ñòóïåíÿ ã³äðîë³çó º
ïåðñïåêòèâíèìè ïîë³ìåðàìè äëÿ ìàéáóòí³õ äîñ-
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ë³äæåíü [7].
Åêñïåðèìåíòàëüíà ÷àñòèíà

Â ÿêîñò³ ïîë³ìåðíî¿ îñíîâè îáðàíî ÏÂÑ
[–CH2–CH–OH]n. Ñòóï³íü ïîë³ìåðèçàö³¿ ÏÂÑ
ñòàíîâèòü â³ä 500 äî 2500 ³ íå çá³ãàºòüñÿ ç³ ñòó-
ïåíåì ïîë³ìåðèçàö³¿ âèõ³äíîãî ïîë³â³í³ëàöåòàòó
(ÏÂÀ) ïðè áóäü-ÿêèõ ñïîñîáàõ îìèëåííÿ.
Ñòóï³íü ã³äðîë³çó ÏÂÑ çàëåæèòü â³ä éîãî çàñòî-
ñóâàííÿ ³ ëåæèòü â ìåæàõ â³ä 70 äî 100% ìîëü.
Çàëåæíî â³ä óìîâ ³ òèïó ÷àñòêîâîãî îìèëåííÿ,
çàëèøêîâ³ àöåòàòí³ ãðóïè ìîæóòü áóòè ðîçòàøî-
âàí³ ïî ëàíöþãó ïîë³ìåðó ñòàòèñòè÷íî àáî ó
âèãëÿä³ áëîê³â. ÏÂÑ º åìóëüãóþ÷èì, àäãåç³éíèì
³ ïë³âêîóòâîðþþ÷èì ïîë³ìåðîì, ùî ìàº âèñîêó
ãíó÷ê³ñòü òà ì³öí³ñòü íà ðîçðèâ. Ö³ âëàñòèâîñò³
çàëåæàòü â³ä àäñîðáîâàíî¿ âîëîãîñò³ ïîâ³òðÿ, ÿêà
ä³º íà ïîë³ìåð ÿê ïëàñòèô³êàòîð. Ïðè âåëèê³é
âîëîãîñò³ ó ÏÂÑ çìåíøóºòüñÿ ì³öí³ñòü íà ðîç-
ðèâ, àëå çá³ëüøóºòüñÿ åëàñòè÷í³ñòü. Íà ïîâ³òð³
ïðè òåìïåðàòóð³ 493 Ê ÏÂÑ ðîçêëàäàºòüñÿ ç âè-
ä³ëåííÿì ÑÎ, CO2, îöòîâî¿ êèñëîòè ³ çì³íîþ
êîëüîðó ç á³ëîãî íà òåìíî-êîðè÷íåâèé. Çì³íþ-
þ÷è ïðèðîäó ³ ê³ëüê³ñòü ïëàñòèô³êàòîðà, ïë³âêà
ìàº ð³çíó åëàñòè÷í³ñòü òà ì³öí³ñòü.

Îá’ºêò äîñë³äæåííÿ – Polyvinyl Alcohol 24-
88 (China Sundi) – ñèíòåòè÷íèé ïîë³ìåð ó âèã-
ëÿä³ ãðàíóë á³ëîãî êîëüîðó, áåç çàïàõó, íåòîê-
ñè÷íèé, ëåãêî ðîç÷èííèé ó âîä³. Îäåðæàí³ çðàç-
êè ïë³âêè ç PVA 24-88 – ïðîçîð³, ì³öí³, õ³ì³÷íî
ñò³éê³, íå òîêñè÷í³. Â ÿêîñò³ íàïîâíþâà÷à, ùî
ï³ääàºòüñÿ ä³¿ ì³êðîîðãàí³çì³â, îáðàíî êàðòîï-
ëÿíèé êðîõìàëü (–Ñ6Í10Î5–)n, ÿêèé º ïðèðîä-
íèì ïîë³ìåðîì (ÄÑÒÓ 4286:2004). Áîðíà êèñ-
ëîòà (ÃÎÑÒ 18704-78) äîäàâàëàñü äî êîìïîçèö³¿
ïîë³ìåðó íà îñíîâ³ ÏÂÑ.

Â ðîáîò³ [8] ïîêàçàíî ìîæëèâ³ñòü îäåðæàí-
íÿ íåðîç÷èíåíèõ êîìïëåêñ³â â³í³ëîâîãî ñïèðòó
ç äåÿêèìè íåîðãàí³÷íèìè ñïîëóêàìè, âêëþ÷à-
þ÷è áîðíó êèñëîòó. Óòâîðåííÿ ïîïåðå÷íèõ
çâ’ÿçê³â ì³æ ìîëåêóëàìè ÏÂÑ ïðè çàòâåðä³íí³
áîðíîþ êèñëîòîþ â³äáóâàºòüñÿ çà ñõåìîþ:
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Ïðè òåðì³÷íîìó îáðîáëåíí³ ïë³âîê ÏÂÑ òà-
êîæ ç’ÿâëÿþòüñÿ ïîïåðå÷í³ çâ’ÿçêè ì³æ ìîëåêó-
ëàìè ïîë³ìåðó âíàñë³äîê âçàºìîä³¿ ã³äðîêñèëü-
íèõ ãðóï ñóñ³äí³õ ìîëåêóë ç â³ää³ëåííÿì âîäè çà
ñõåìîþ:
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Äëÿ çä³éñåííÿ äîñë³äæåíü ï³äãîòîâëåí³
çðàçêè ïë³âîê ÏÂÑ (êîíòðîëþ) òà êîìïîçèö³é-
íèõ ìàòåð³àë³â íà îñíîâ³ ÏÂÑ, ùî ì³ñòèëè áîð-
íó êèñëîòó ó ê³ëüêîñò³ 10%, 20%, 30% (â³äíîñíî
ñóõîãî çàëèøêó ÏÂÑ), òåðì³÷íî îáðîáëåíèõ ïðî-
òÿãîì 30 õâ ïðè òåìïåðàòóð³ ïðîöåñó 403 Ê, 423 Ê,
443 Ê. Îäåðæàí³ çðàçêè êîìïîçèö³é ïë³âîê íà
îñíîâ³ ÏÂÑ ç ð³çíèì âì³ñòîì áîðíî¿ êèñëîòè òà
òåìïåðàòóðíèì îáðîáëåííÿì âèâ÷àëè íà ì³êðî-
òâåðä³ñòü, ðîçòÿãíåííÿ òà ðîç÷èíí³ñòü ó âîä³. Äëÿ
âèïðîáîâóâàííÿ íà ðîç÷èíí³ñòü ï³äãîòîâëåí³
çðàçêè ïîë³ìåðíèõ êîìïîçèö³é ïë³âîê çàíóðþ-
âàëè íà 30 õâèëèí ó êîëáó îá’ºìîì 200 ìë ç
äèñòèëüîâàíîþ âîäîþ ïðè òåìïåðàòóð³ 293 Ê.
Äàë³ çðàçêè ïë³âîê çâàæóâàëè íà àíàë³òè÷íèõ
âàãàõ ÂËÀ-200.

Íà ðèñ. 1 íàâåäåíà çàëåæí³ñòü ðîç÷èííîñò³
çðàçê³â ïë³âîê ó âîä³ â³ä êîíöåíòðàö³¿ áîðíî¿
êèñëîòè òà òåìïåðàòóðè íàãð³âàííÿ. Âñòàíîâëå-
íî, ùî ç ï³äâèùåííÿì êîíöåíòðàö³¿ áîðíî¿ êèñ-
ëîòè òà òåðì³÷íîãî îáðîáëåííÿ ðîç÷èíí³ñòü
çðàçê³â ïîë³ìåðíèõ êîìïîçèö³é ïë³âîê çìåí-
øóºòüñÿ, ùî ñâ³ä÷èòü ïðî âïëèâ öèõ ôàêòîð³â
íà ï³äâèùåííÿ ³íòåíñèâíîñò³ óòâîðåííÿ ïðîñòî-
ðîâî-ñ³ò÷àñòèõ ñòðóêòóð ó ïîë³â³í³ëîâîìó ñïèðò³.
Ïðè öüîìó ï³äâèùóºòüñÿ ñò³éê³ñòü êîìïîçèö³é
äî ðîç÷èíåííÿ ó âîä³. Îòæå, äëÿ çàïîá³ãàííÿ ðîç-

Ðèñ. 1. Çàëåæí³ñòü ðîç÷èííîñò³ çðàçê³â ïë³âîê ó âîä³ â³ä

êîíöåíòðàö³¿ áîðíî¿ êèñëîòè òà òåìïåðàòóðè íàãð³âàííÿ:

x – êîíöåíòðàö³ÿ áîðíî¿ êèñëîòè, %; y – òåìïåðàòóðà, Ê;

z – çàëèøîê ìàñè, %
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÷èíåííþ ó âîä³ ïë³âîê íà îñíîâ³ ÏÂÑ ìîæíà
äîäàâàòè áîðíó êèñëîòó ó ê³ëüêîñò³ 30% â³ä çà-
ãàëüíî¿ ê³ëüêîñò³ ÏÂÑ ó êîìïîçèö³¿ àáî òåðì³-
÷íî îáðîáëÿòè ïë³âêó äî 443 Ê, â³äïîâ³äíî äî ¿õ
çàñòîñóâàííÿ.

Ì³êðîòâåðä³ñòü âèçíà÷àëè ç âèêîðèñòàííÿì
ì³êðîòâåðäîì³ðà ÏÌÒ-3, ìåòîäîì âòèñíåííÿ ï³ä
ìàëèìè íàâàíòàæåííÿìè ³íäåíòîðà ó âèãëÿä³
ä³àìàíòîâî¿ ï³ðàì³äè ³ âèì³ðó îòðèìàíèõ
â³äáèòê³â, ùî ìàþòü äîâæèíó ä³àãîíàë³ ïîðÿäêó
7–50 ìêì. Íà ðèñ. 2 íàâåäåíî âïëèâ òåìïåðàòó-
ðè òà êîíöåíòðàö³¿ áîðíî¿ êèñëîòè íà ì³êðî-

òâåðä³ñòü êîìïîçèö³éíèõ ìàòåð³àë³â.
Íà îñíîâ³ îòðèìàíèõ äàíèõ âñòàíîâëåíî,

ùî ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ áîðíî¿ êèñëîòè
ó ÏÂÑ ³ òåìïåðàòóðè òåðì³÷íîãî îáðîáëåííÿ
ì³êðîòâåðä³ñòü çðàçê³â ïîë³ìåðíèõ êîìïîçèö³é
çá³ëüøóºòüñÿ. Íàãð³âàííÿ çä³éñíþº á³ëüøèé
âïëèâ íà ù³ëüí³ñòü ïîïåðå÷íèõ çâ’ÿçê³â ³ ãóñòè-
íó ñ³òêè ÏÂÑ, í³æ äîäàâàííÿ áîðíî¿ êèñëîòè.

Ì³öí³ñòü ïë³âêè íà ðîçðèâ âèçíà÷àëè çà
ÃÎÑÒ 14236-81 «Ïë³âêè ïîë³ìåðí³. Ìåòîä âèï-
ðîáóâàííÿ íà ðîçòÿãíåííÿ» íà ðîçðèâí³é ìàøèí³
F-1000. Íà ðèñ. 3 íàâåäåíî ðåçóëüòàòè âèïðîáî-
âóâàííÿ çðàçê³â ïîë³ìåðíèõ êîìïîçèö³é ïë³âîê
íà ðîçòÿãíåííÿ.

Ç îäåðæàíèõ äàíèõ âèçíà÷åíî, ùî íàÿâí³ñòü
áîðíî¿ êèñëîòè ³ òåðì³÷íå îáðîáëåííÿ ñóòòºâî
âïëèâàþòü íà ìåõàí³÷í³ âëàñòèâîñò³ ÏÂÑ. Ïî-
êàçíèêè ì³êðîòâåðäîñò³ òà ì³öíîñò³ íà ðîçðèâ,
ïðè òåðì³÷íîìó îáðîáëåíí³ äî 423 Ê âèù³, í³æ
ïðè äîäàâàíí³ áîðíî¿ êèñëîòè ó ê³ëüêîñò³ 30%,
ùî ñâ³ä÷èòü ïðî á³ëüøó äîö³ëüí³ñòü âèêîðèñòàí-
íÿ òåðì³÷íîãî îáðîáëåííÿ äëÿ óòâîðåííÿ ìàê-
ñèìàëüíî¿ ê³ëüêîñò³ ïðîñòîðîâî-ñ³ò÷àñòèõ ñòðóê-
òóð.

Îñê³ëüêè äëÿ íàãð³âàííÿ íåîáõ³äí³ á³ëüøèé
÷àñ ³ á³ëüøà ê³ëüê³ñòü ìàòåð³àëüíèõ ðåñóðñ³â, í³æ
ïðè äîäàâàíí³ áîðíî¿ êèñëîòè, à ð³çíèöÿ ó âëà-
ñòèâîñòÿõ íå ñóòòºâà, ÿê ïîêàçàëè ïîäàëüø³ äîñ-
ë³äæåííÿ, äëÿ êîðåêö³¿ á³îäåãðàäóþ÷èõ âëàñòè-
âîñòåé òà ï³äâèùåííÿ ìåõàí³÷íèõ õàðàêòåðèñ-
òèê, äîö³ëüíî äîäàâàííÿ áîðíî¿ êèñëîòè.

Ç ìåòîþ âèÿâëåííÿ âïëèâó áîðíî¿ êèñëîòè
íà ïèòîìó â’ÿçê³ñòü ÏÂÑ ïîïåðåäíüî ãîòóâàëè
1%-íèé âîäíèé ðîç÷èí ÏÂÑ. Ê³ëüê³ñòü áîðíî¿
êèñëîòè ó ðîç÷èí³ ÏÂÑ ñêëàäàëà: 0 (êîíòðîëü),
10, 20, 30% (â³äíîñíî ñóõîãî çàëèøêó ÏÂÑ). Âèç-
íà÷åííÿ â’ÿçêîñò³ âèêîíóâàëè íà êàï³ëÿðíîìó
â³ñêîçèìåòð³ Îñòâàëüäà ç ä³àìåòðîì êàíàëó 1,2 ìì.

Âñòàíîâëåíî, ùî ïèòîìà â’ÿçê³ñòü çíà÷íî
çá³ëüøèëàñü ïðè êîíöåíòðàö³¿ áîðíî¿ êèñëîòè
30% (â³äíîñíî ñóõîãî çàëèøêó ÏÂÑ) (ðèñ. 4).
Öå º íàñë³äêîì çá³ëüøåííÿ ì³æìàêðîìîëåêóëÿð-
íèõ êîîðäèíàö³éíèõ çâ’ÿçê³â áîðàò–ÏÂÑ.

Íà íàñòóïíîìó åòàï³ äîñë³äæåíî ðóéíóþ÷ó
ä³þ ì³êðîîðãàí³çì³â íà êîìïîçèö³éí³ ìàòåð³àëè
íà îñíîâ³ ïîë³â³í³ëîâîãî ñïèðòó. ßê ñâ³ä÷àòü
ðàí³ø çä³éñíåí³ äîñë³äæåííÿ, íà ³íòåíñèâí³ñòü
á³îäåñòðóêö³¿ ïîë³ìåð³â ñóòòºâèé âïëèâ çä³éñíþº
íàÿâí³ñòü â ñêëàä³ êîìïîçèö³éíèõ ìàòåð³àë³â
êðîõìàëþ [1]. Äëÿ äîñë³äæåííÿ á³îäåãðàäóþ÷î¿
ä³¿ ì³êðîîðãàí³çì³â ãîòóâàëè êîìïîçèö³¿ íà îñ-
íîâ³ ïîë³â³í³ëîâîãî ñïèðòó òà áîðíî¿ êèñëîòè ç
äîäàâàííÿì êðîõìàëþ. Îïòèìàëüíà êîíöåíòðà-
ö³ÿ áîðíî¿ êèñëîòè – 20% (â³äíîñíî ñóõîãî çà-

Ðèñ. 2. Çàëåæí³ñòü ì³êðîòâåðäîñò³ çðàçê³â ïë³âîê â³ä

êîíöåíòðàö³¿ áîðíî¿ êèñëîòè òà òåìïåðàòóðè íàãð³âàííÿ:

x – êîíöåíòðàö³ÿ áîðíî¿ êèñëîòè, %; y – òåìïåðàòóðà, Ê;

z – ì³êðîòâåðä³ñòü, ÌÏà

Ðèñ. 3. Çàëåæí³ñòü íàïðóæåííÿ ïðè ðîçðèâ³ â³ä

êîíöåíòðàö³¿ áîðíî¿ êèñëîòè òà òåìïåðàòóðè íàãð³âàííÿ:

x – êîíöåíòðàö³ÿ áîðíî¿ êèñëîòè, %; y – òåìïåðàòóðà, Ê;

z – íàïðóæåííÿ ïðè ðîçðèâ³, ÌÏà
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ëèøêó ÏÂÑ) äëÿ á³îäåãðàäóþ÷î¿ ïîë³ìåðíî¿ êîì-
ïîçèö³¿. Ñêëàä ñóõîãî çàëèøêó êîìïîçèö³¿ íà
îñíîâ³ 10%-ãî âîäíîãî ðîç÷èíó ÏÂÑ: ïîë³â³í³ëî-
âèé ñïèðò – 50%; êðîõìàëü – 30%; áîðíà êèñ-
ëîòà – 20%.

Ïë³âêó, ÿê ³ ó ïîïåðåäí³õ äîñë³äæåííÿõ,
ï³äãîòîâëÿëè øëÿõîì ïîëèâó êîìïîçèö³¿ íà ñêëî
ïðè òåìïåðàòóð³ 293 Ê, ç íàñòóïíèì âèòðèìó-
âàííÿì ïðîòÿãîì 48 ãîä [1]. Îäåðæàí³ çðàçêè ç
äîâæèíîþ 100 ìì ³ øèðèíîþ 10 ìì ï³ääàâàëè
åêñïîçèö³¿ ó á³îãóìóñ³ ïðîòÿãîì 10, 20, 30, 40 ä³á
ç ìåòîþ âèÿâëåííÿ ðóéíóþ÷î¿ ä³¿ ì³êðîîðãàí³çì³â
íà ñòðóêòóðó ³ âëàñòèâîñò³ êîìïîçèö³é íà îñíîâ³
ÏÂÑ.

Àíàë³ç îòðèìàíèõ äàíèõ, íàâåäåíèõ íà ðèñ.
5 ³ 6, ñâ³ä÷èòü ïðî òå, ùî ç³ çá³ëüøåííÿì åêñïî-
çèö³¿ ì³êðîòâåðä³ñòü ³ ðóéíóþ÷å íàïðóæåííÿ ïðè
ðîçòÿãíåíí³ çìåíøóþòüñÿ.

Îïòè÷í³ äîñë³äæåííÿ ïîâåðõí³ çðàçê³â êîì-
ïîçèö³é (ì³êðîñêîï ÌÁÐ1-Å ïðè çá³ëüøåíí³ ó
400 ðàç³â) äî ³ ï³ñëÿ á³îäåñòðóêö³¿ ó á³îãóìóñ³
ïðîòÿãîì 40 ä³á íàâåäåí³ íà ðèñ. 7. Ê³ëüê³ñíèé
òà ÿê³ñíèé ñêëàä ì³êðîôëîðè îö³íþâàëè âèñ³-
âàííÿì çìèâ³â ç ïë³âîê â ïîæèâíå ñåðåäîâèùå
ì’ÿñî-ïåïòîííèé àãàð (ÌÏÀ), à äëÿ âèÿâëåííÿ
ì³êðîì³öåò³â – â ñóñëîàãàð (ÑÀ) ç íàñòóïíèì
êóëüòèâóâàííÿì ïðè òåìïåðàòóðàõ 37±10Ñ ³
28±10Ñ, â³äïîâ³äíî. Çàãàëüíó ê³ëüê³ñòü áàêòåð³é
âèçíà÷àëè ÷åðåç 48 ãîäèí, à ì³êðîì³öåò³â – ÷å-
ðåç 7 ä³á. ×åðåç òðè òèæí³ âèçíà÷àëè ê³ëüê³ñòü
ìåçîô³ëüíèõ àåðîáíèõ òà ôàêóëüòàòèâíèõ àíà-
åðîáíèõ ì³êðîîðãàí³çì³â. Ñïîðîâ³ ôîðìè áàê-
òåð³é âèçíà÷àëè â ïàñòåðèçîâàíèõ çìèâàõ ç
ïë³âîê, ÿê³ âèñ³âàëè íà êîìïëåêñíå ïîæèâíå

ñåðåäîâèùå ÌÏÀ+ÑÀ ó ñï³ââ³äíîøåíí³ (1:1) [9].
Îäåðæàí³ ðåçóëüòàòè îáðîáëÿëè ìåòîäàìè ìàòå-
ìàòè÷íî¿ ñòàòèñòèêè [10].

Â ïðîöåñ³ á³îäåãðàäàö³¿ êîìïîçèö³¿ ïë³âîê
çàçíàëè ô³çè÷íèõ òà õ³ì³÷íèõ ïåðåòâîðåíü, â õîä³
ÿêèõ íàêîïè÷óâàëàñü á³îìàñà â³äìåðëèõ ì³êðî-
îðãàí³çì³â, äåÿêà ê³ëüê³ñòü æèâèõ ìåçîô³ëüíèõ
ì³êðîîðãàí³çì³â ³ ïðîäóêòè õ³ì³÷íî¿ âçàºìîä³¿ öèõ
êîìïîíåíò³â. Îòæå, ðåçóëüòàòè îïòè÷íèõ äîñë³-
äæåíü ïîêàçàëè çíà÷í³ çì³íè ïîâåðõíåâî¿ ñòðóê-
òóðè êîìïîçèö³éíèõ çðàçê³â íà îñíîâ³ ÏÂÑ íà

Ðèñ. 4. Çàëåæí³ñòü ïèòîìî¿ â’ÿçêîñò³ çðàçê³â ïë³âêè â³ä

êîíöåíòðàö³¿ áîðíî¿ êèñëîòè ó ðîç÷èí³ ÏÂÑ
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Ðèñ. 5. Çàëåæí³ñòü çì³íè ì³êðîòâåðäîñò³ çðàçê³â ïë³âîê â³ä

åêñïîçèö³¿ ó á³îãóìóñ³

Ðèñ. 6. Çàëåæí³ñòü çì³íè ðóéíóþ÷îãî íàïðóæåííÿ ïðè

ðîçòÿãóâàíí³ â³ä åêñïîçèö³¿ ó á³îãóìóñ³
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20 äîáó â á³îãóìóñ³. Ïîã³ðøåííÿ ìåõàí³÷íèõ âëà-
ñòèâîñòåé êîìïîçèö³éíèõ çðàçê³â ïë³âêè º ðå-
çóëüòàòîì á³îäåãðàäàö³¿ ï³ä ä³ºþ ì³êðîîð-
ãàí³çì³â á³îãóìóñó: áàêòåð³é 108…109, àêòèíîì³-
öåò³â 105…108 êë³òèí íà ãðàì âîëîãîãî ñóáñòðàòó.

Âèñíîâêè

1. Ç ï³äâèùåííÿì êîíöåíòðàö³¿ áîðíî¿ êèñ-
ëîòè òà òåìïåðàòóðè òåðì³÷íîãî îáðîáëåííÿ ðîç-
÷èíí³ñòü çðàçê³â ïë³âêè çìåíøóºòüñÿ, ùî ïîâ’ÿ-
çàíî ç ï³äâèùåííÿì ³íòåíñèâíîñò³ óòâîðåííÿ
ïðîñòîðîâî-ñ³ò÷àñòèõ ñòðóêòóð ó ïîë³â³í³ëîâîìó
ñïèðò³.

2. Ïðè íàãð³âàíí³ êîìïîçèö³é ç ïîë³â³í³ëî-
âîãî ñïèðòó äîñÿãàºòüñÿ á³ëüøà òâåðä³ñòü ó ïî-
ð³âíÿíí³ ç äîäàâàííÿì áîðíî¿ êèñëîòè, ùî
ñâ³ä÷èòü ïðî á³ëüøèé âïëèâ íàãð³âàííÿ íà
ù³ëüí³ñòü ïîïåðå÷íèõ çâ’ÿçê³â ³ ãóñòèíó ñ³òêè
ïîë³â³í³ëîâîãî ñïèðòó.

3. Çá³ëüøåííÿ â’ÿçêîñò³ ðîç÷èí³â çðàçê³â
ïë³âêè ïðè 30%-â³é êîíöåíòðàö³¿ áîðíî¿ êèñëî-
òè â 1%-íîìó ðîç÷èíó ÏÂÑ (â³äíîñíî ñóõîãî
çàëèøêó ÏÂÑ) ìàº íàñë³äêîì çá³ëüøåííÿ
ì³æìàêðîìîëåêóëÿðíèõ êîîðäèíàö³éíèõ çâ’ÿçê³â
áîðàò–ÏÂÑ.

4. Äîñë³äæåíà á³îäåãðàäóþ÷à ä³ÿ ì³êðîîð-
ãàí³çì³â íà êîìïîçèö³¿ ç ïîë³â³í³ëîâîãî ñïèðòó,
áîðíî¿ êèñëîòè òà êðîõìàëþ. Âèçíà÷åíà îïòè-
ìàëüíà êîíöåíòðàö³ÿ áîðíî¿ êèñëîòè 20%
(â³äíîñíî ñóõîãî çàëèøêó ÏÂÑ) äëÿ á³îäåãðàäó-
þ÷î¿ ïîë³ìåðíî¿ êîìïîçèö³¿. Ñêëàä ñóõîãî çà-
ëèøêó êîìïîçèö³éíèõ çðàçê³â íà îñíîâ³ 10%-ãî
âîäíîãî ðîç÷èíó ÏÂÑ: ïîë³â³í³ëîâèé ñïèðò –
50%; êðîõìàëü – 30%; áîðíà êèñëîòà – 20%.

5. Âñòàíîâëåíî çíà÷í³ çì³íè ïîâåðõíåâî¿
ñòðóêòóðè êîìïîçèö³éíèõ çðàçê³â íà îñíîâ³ ÏÂÑ
ó á³îãóìóñ³ íà 20 äîáó, ùî º ðåçóëüòàòîì á³îäåã-
ðàäàö³¿ ï³ä ä³ºþ ì³êðîîðãàí³çì³â: áàêòåð³é
108…109, àêòèíîì³öåò³â 105…108 êë³òèí íà ãðàì
âîëîãîãî ñóáñòðàòó.
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Ðèñ. 7. Ðåçóëüòàòè îïòè÷íèõ äîñë³äæåíü ïîâåðõí³ çðàçê³â êîìïîçèö³é íà îñíîâ³ ïîë³â³í³ëîâîãî ñïèðòó. Òðèâàë³ñòü

åêñïîçèö³¿ çðàçê³â ó á³îãóìóñ³, ä³á: à – 0; á – 10; â – 20; ã – 30; ä – 40
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THE PREPARATION OF BIODEGRADABLE COMPOSITE
MATERIALS BASED ON POLYVINYL ALCOHOL

V.I. Sytar, K.M. Sukhyy, N.B. Mitina, S.M. Garmash *,
B.O. Lisichenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: svgarmash@ukr.net

In this work, we studied the effect of boric acid and temperature
on the biodegradation of a film of polyvinyl alcohol (PVA). It was
found that the maximum resistance of the film composition to
dissolution in water can be achieved both by heating at a temperature
of above 443 K for 30 minutes and by the addition of boric acid
(more than 30% relative to the dry residue of PVA). The addition of
boric acid to the polymer composition and the thermal treatment
result in an increase of the hardness of PVA by 10% and 30%,
respectively. This indicates a higher effect of the heat treatment on
the density of cross-links and the density of the PVA network. An
increase in the viscosity of solutions of film samples at the concentration
of boric acid of 30% in 1% PVA (relative to the dry residue of PVA)
is due to an increase in the inter-macromolecular coordination bonds
of borate–PVA. The biodegradable effect of microorganisms on the
compositions of polyvinyl alcohol, boric acid and starch was studied.
An optimal concentration of boric acid for the biodegradable polymer
composition was stated to be 20% (relative to the dry residue of
PVA). Significant changes in the surface structure of PVA-based
composite samples in biohumus were observed on 20th day, which
resulted from the biodegradation under the action of microorganisms
(bacteria of 108–109 and actinomycetes of 105–108 cells per gram of
wet substrate).

Keywords: biodegradation; film; polyvinyl alcohol; starch;
boric acid; biohumus.
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