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Äîñë³äæåíî âîäîïðîíèêí³ñòü ³ ìîðôîëîã³þ ïîðèñòèõ ïîë³ìåðíèõ ïë³âîê, ñôîðìîâàíèõ çà
ïðèíöèïîì âçàºìîïðîíèêíèõ ïîë³ìåðíèõ ñ³òîê (ÂÏÑ). Ïë³âêè ñèíòåçóâàëè íà îñíîâ³ íàï³â-ÂÏÑ,
äî ñêëàäó ÿêèõ âõîäèëè àêðèëàòíà ñ³òêà, ìîäèô³êîâàíà îë³ãîóðåòàíàêðèëàòîì, ³ ð³çí³ çà
ïðèðîäîþ ë³í³éí³ êîìïîíåíòè-ïîðîóòâîðþâà÷³ – ïîë³åòèëåíãë³êîëü (ÏÅÃ, ÌÌ 20000) ³ ïîë³óðåòàí
(ÏÓ, ÌÌ 40000). Âîäîïðîíèêí³ñòü äîñë³äæóâàëè çà äîïîìîãîþ ïîìïîâî¿ óñòàíîâêè, ÿêà
çàáåçïå÷óâàëà íàäëèøêîâèé òèñê ó ä³àïàçîí³ 100–3500 psi, ç âèêîðèñòàííÿì äâîêàìåðíî¿
ô³ëüòðàö³éíî¿ êîì³ðêè Security Guard Cartrige System, Phenomenex (UK). Ìîðôîëîã³þ ïë³âîê
âèâ÷àëè ìåòîäîì ÑÅÌ. Âñòàíîâëåíî, ùî âì³ñò ³ ïðèðîäà ë³í³éíîãî êîìïîíåíòà àêðèëàòíèõ
íàï³â-ÂÏÑ ³ñòîòíî âïëèâàþòü íà ìîðôîëîã³þ òà âîäîïðîíèêí³ âëàñòèâîñò³ îòðèìàíèõ ïë³âîê.
Ïîêàçàíî, ùî îòðèìàí³ òîíê³ ïë³âêè ìàþòü ³çîòðîïíó ãëîáóëÿðíó (íîäóëÿðíó) ïîðóâàòó
ñòðóêòóðó ç â³äíîñíî âóçüêèì ðîçïîä³ëîì ãëîáóë (íîäóë) çà ðîçì³ðàìè. Ñåðåäí³é ðîçì³ð íîäóë ó
ñòðóêòóð³ ïë³âîê ç ÏÓ ïðèáëèçíî â 5 ðàç³â á³ëüøèé, í³æ ç ÏÅÃ. Íàéá³ëüøó âîäîïðîíèêí³ñòü
äåìîíñòðóâàëè ïë³âêè ï³ñëÿ åêñòðàêö³¿ ìàêñèìàëüíîãî (20 % ìàñ.) âì³ñòó ë³í³éíîãî êîìïîíåíòà.

Êëþ÷îâ³ ñëîâà: ïîðèñò³ ïîë³ìåðí³ ïë³âêè, îë³ãîåñòåðàêðèëàòè, íàï³â-ÂÏÑ, ìîðôîëîã³ÿ, âîäîïðîíèêí³ñòü.

Âñòóï.
Ïîøóêè íîâèõ ñïîñîá³â ñòâîðåííÿ ïîë³ìåðíèõ ìåì-

áðàí äëÿ çàñòîñóâàííÿ â ð³çíîìàí³òíèõ ñôåðàõ ëþäñü-
êî¿ æèòòºä³ÿëüíîñò³ çàëèøàþòüñÿ àêòóàëüíèìè äîíèí³
[1–3]. Ïðè öüîìó âàæëèâî îòðèìàòè ìåìáðàíè, ÿê³
ìàòèìóòü òàê³ çàäîâ³ëüí³ õàðàêòåðèñòèêè ÿê ïîðèñò³ñòü,
ïðîíèêí³ñòü ³ ñåëåêòèâí³ñòü. Ðåàë³çóâàòè çàäàí³ âëàñòè-
âîñò³ ó ïîâíîìó îáñÿç³ ìîæëèâî, ÿêùî âèêîðèñòîâóâà-
òè ïðèíöèï ôîðìóâàííÿ íàï³â-âçàºìîïðîíèêíèõ ïîë³-
ìåðíèõ ñ³òîê (íàï³â-ÂÏÑ) [4–11]. Òàê, ïðè ñèíòåç³ ìî-
ëåêóëÿðíî-³ìïðèíòîâàíèõ ïîë³ìåðíèõ ìåìáðàí ç âè-
êîðèñòàííÿì ïðèíöèïó ôîðìóâàííÿ íàï³â-ÂÏÑ
îòðèìàëè ìàòåð³àëè ó âèãëÿä³ òîíêèõ ïîðèñòèõ ïîë³ìåð-
íèõ ïë³âîê (ÏÏ), ÿê³ óñï³øíî âèêîðèñòàëè äëÿ ñåëåêòèâ-
íîãî âèçíà÷åííÿ òîêñèí³â ó ñò³÷íèõ (ãðóíòîâèõ) âîäàõ
[4–11].

Âèêîðèñòàííÿ ñàìå ïðèíöèïó íàï³â-ÂÏÑ ïðè ôîð-
ìóâàíí³ ïîðèñòèõ ÏÏ ïåðñïåêòèâíå ç äåê³ëüêîõ òî÷îê
çîðó. Ïî-ïåðøå, òàêèé øëÿõ çàáåçïå÷óº ìîæëèâ³ñòü
ðåãóëþâàòè ¿õíþ ïîðèñò³ñòü çà äîïîìîãîþ ââåäåííÿ ó
ñêëàä íàï³â-ÂÏÑ ïîðîóòâîðþâà÷³â ð³çíîãî òèïó (ïîë³-
åòèëåíãë³êîëþ, ïîë³óðåòàíó òîùî) ÿê ë³í³éíîãî êîìïî-
íåíòà ³ ïîäàëüøîãî ¿õ âèäàëåííÿ çà äîïîìîãîþ åêñò-

ðàêö³¿ [5, 6]. Ïî-äðóãå, çì³íþþ÷è ñêëàä íàï³â-ÂÏÑ, ìîæ-
íà ö³ëåñïðÿìîâàíî ðåãóëþâàòè ¿õí³ ô³çèêî-ìåõàí³÷í³
âëàñòèâîñò³. Íàïðèêëàä, ï³ä³áðàâøè ïåâí³ îë³ãîåñòåðàê-
ðèëàòè ÿê îñíîâí³ êîìïîíåíòè ñ³òêè â íàï³â-ÂÏÑ (æîð-
ñòêîëàíöþãîâèé îë³ãîåñòåðäèìåòàêðèëàò ³ åëàñòîìåð-
ìîäèô³êàòîð îë³ãîóðåòàíàêðèëàò) ó ìîëåêóëÿðíî-
³ìïðèíòîâàíèõ ïîë³ìåðàõ âäàëîñÿ ñôîðìóâàòè ñòàá³ëü-
íèé ñàéò çâ’ÿçóâàííÿ òà îòðèìàòè âèñîêîñåëåêòèâí³
ìåìáðàíè, ÿê³ ìàëè äîñòàòíüî æîðñòêèé ñ³ò÷àñòèé êàð-
êàñ ³, âîäíî÷àñ, íå áóëè êðèõêèìè [5–9].

Ìåòîþ öüîãî äîñë³äæåííÿ áóëî âèâ÷èòè âîäîïðî-
íèêí³ âëàñòèâîñò³, äîñë³äèòè ïîðèñòó ñòðóêòóðó àêðè-
ëàòíèõ ïîë³ìåðíèõ ïë³âîê, ñôîðìîâàíèõ çà ïðèíöèïîì
íàï³â-ÂÏÑ, ³ âñòàíîâèòè âçàºìîçâ’ÿçîê ì³æ ¿õí³ìè ñêëà-
äîì, ìîðôîëîã³ºþ òà âëàñòèâîñòÿìè.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Äîñë³äæóâàëè òîíê³ ïë³âêè, îòðèìàí³ íà îñíîâ³
íàï³â-ÂÏÑ çà ìåòîäèêîþ, îïèñàíîþ â ðîáîòàõ [5, 6].
Ñ³òêó â íàï³â-ÂÏÑ ôîðìóâàëè íà îñíîâ³ æîðñòêîëàí-
öþãîâîãî òðè(åòèëåíãë³êîëü)äèìåòàêðèëàòó (ÒÅÃÄÌÀ)
òà äâîôóíêö³îíàëüíîãî åëàñòîìåðó îë³ãîóðåòàíàêðè-
ëàòó (ÎÓÀ, ÌÌ 2610), ñèíòåçîâàíîãî íà îñíîâ³ 2,4-òî-



Ë.À. Ãîí÷àðîâà, Î.Î. Áðîâêî, Â.². Ñàïñàé, Ä.Î. Êëèì÷óê, Ë.Ì. Ñåðãåºâà, Ò.À. Ñåðãåºâà

21

ëó¿ëåíä³³çîö³àíàòó, îë³ãîïðîï³ëåíãë³êîëþ (ÌÌ 2000) ³
ìîíîìåòàêðèëîâîãî åñòåðó åòèëåíãë³êîëþ. Ñï³ââ³äíî-
øåííÿ ÒÅÃÄÌÀ ³ ÎÓÀ â óñ³õ ïë³âêàõ ñòàíîâèëî 85/15 ³
áóëî âèáðàíî ÿê òàêå, ùî çàáåçïå÷óâàëî îïòèìàëüíèé
áàëàíñ ì³æ êðèõê³ñòþ òà ãíó÷ê³ñòþ. Êð³ì òîãî íå-
â³ä’ºìíîþ ñêëàäîâîþ êîìïîíåíòîþ áóëà ìåòàêðèëî-
âà êèñëîòà (ÌÀÊ). Óâåäåííÿ ó ñêëàä ñ³òêè ÌÀÊ ÿê ôóí-
êö³îíàëüíîãî ìîíîìåðó äëÿ ôîðìóâàííÿ ñàéò³â çâ’ÿ-
çóâàííÿ áóëî çóìîâëåíî íåîáõ³äí³ñòþ ïîäàëüøîãî âè-
ãîòîâëåííÿ ìîëåêóëÿðíî-³ìïðèíòîâàíèõ ïîë³ìåðíèõ
ìåìáðàí [7, 8, 10]. ßê ïîðîóòâîðþâà÷³ âèêîðèñòîâóâà-
ëè ë³í³éí³ ïîë³åòèëåíãë³êîëü (ÏÅÃ, ÌÌ 20000, Fluka) ³
ïîë³óðåòàí (ÏÓ, ÌÌ 40000, ìàðêè «Â³òóð») ó ê³ëüêîñò³

10, 15 ³ 20 % ìàñ. â³ä âì³ñòó ñ³òêè. Äëÿ çíèæåííÿ â’ÿç-
êîñò³ ðåàêö³éíî¿ ñóì³ø³ äîäàâàëè ðîç÷èííèê äèìåòèë-
ôîðìàì³ä (ÄÌÔÀ), çàãàëüíèé âì³ñò ÿêîãî â êîìïîçè-
ö³ÿõ íå ïåðåâèùóâàâ 50 % ìàñ.

Ïîë³óðåòàíàêðèëàòíó ñ³òêó ôîðìóâàëè øëÿõîì ÓÔ-
³í³ö³éîâàíî¿ ðàäèêàëüíî¿ ïîë³ìåðèçàö³¿, âèêîðèñòîâó-
þ÷è ôîòî³í³ö³àòîð 2,2-äèìåòîêñè-2-ôåí³ëàöåòîôåíîí
(Aldrich). Îïðîì³íåííÿ ïðîâîäèëè çà äîïîìîãîþ ëàìï
Philips TL2001 (λ=365 íì).

Ó òàáëèö³ íàâåäåí³ ñòðóêòóðí³ ôîðìóëè ñêëàäîâèõ
êîìïîíåíò³â íàï³â-ÂÏÑ.

Ë³í³éí³ êîìïîíåíòè-ïîðîóòâîðþâà÷³ òà çàëèøêè
ìîíîìåð³â, ùî íå ïðîðåàãóâàëè, âèäàëÿëè, ï³ääàþ÷è

Êîìïîíåíòè ïîë³óðåòàíàêðèëàòíî¿ ñ³òêè  

ÒÅÃÄÌÀ 
 CH2

C
C

O
C
H2

C
H2

O
C
H2

C
H2

O
C
H2

C
H 2

O
C

C
CH2

CH3

O

O

CH 3  

ÎÓÀ 2610 
 

O
CH2 CH O

C

CH3 O

NH

CH

CH
CH

NH
C

O

CH3

CH2

O

CH2
O

C
C

NH

O

CH2

CH3

n

 
O

CH

C
CH

CH

CH3

NH
C

O
CH2

O

CH2
O

C
C

O

CH2

CH3

 

ÌÀÊ 

 
Ë³í³éí³ êîìïîíåíòè-ïîðîóòâîðþâà÷³  

ÏÅÃ ÌÌ 20000 C
H2

C
H2

OOH Hn
 

 

ÏÓ ÌÌ 40000 (ìàðêè 
Â³òóð) 

* R1"N
H

C O

O

R2"O C N
H

O

*n
 

C
H2

O
C
H2

C
H2

C
H2

C
H2

C
C
H2

C
H2

C
H2

C
H2

*
C
H2

C
H2

C
H2

C
H2

O

O

C

O

*n
 

n
 

R1:  

R2:  

 
Ôîòî³í³ö³àòîð 

2,2-äèìåòîêñè–2-
ôåí³ëàöåòîôåíîí 

 
 

CH 2 C C
CH 3 O

O H

C C
O OCH3

OCH3

 Òàáëèöÿ. Ñòðóêòóðí³ ôîðìóëè âèõ³äíèõ êîìïîíåíò³â íàï³â-ÂÏÑ



Âîäîïðîíèêí³ñòü ³ ìîðôîëîã³ÿ ïîðèñòèõ ïîë³ìåðíèõ ïë³âîê íà îñíîâ³ àêðèëàòíèõ íàï³â-ÂÏÑ

22

ïë³âêè ç ÏÅÃ åêñòðàêö³¿ ó âîä³, à ç ÏÓ – ó ÄÌÔÀ. Åêñò-
ðàêö³þ ïðîâîäèëè äî ñòàëî¿ âàãè çðàçê³â.

Ìîðôîëîã³÷í³ îñîáëèâîñò³ ÏÏ, îòðèìàíèõ çà ïðèí-
öèïîì íàï³â-ÂÏÑ ç ð³çíèìè ïîðîóòâîðþâà÷àìè, äî òà
ï³ñëÿ åêñòðàêö³¿, äîñë³äæóâàëè çà äîïîìîãîþ ìåòîäó
ñêàíóâàëüíî¿ åëåêòðîííî¿ ì³êðîñêîï³¿ (ÑÅÌ), âèêîðèñ-
òîâóþ÷è ì³êðîñêîï JEOL JSM 6060 LA (Òîê³î, ßïîí³ÿ) ç
ïðèñêîðþâàëüíîþ íàïðóãîþ 30 êÂ ³ äåòåêòîðîì âòî-
ðèííèõ åëåêòðîí³â. Äëÿ îòðèìàííÿ ÷³òêî¿ êàðòèíêè ïî-
ïåðå÷íîãî ïåðåð³çó ïë³âêè ëàìàëè â ð³äêîìó àçîò³. Ùîá
çàïîá³ãòè íàêîïè÷åííþ ñòàòè÷íîãî çàðÿäó òà ï³äâèùè-
òè ðîçð³çíþâàëüíó çäàòí³ñòü íà ïîâåðõíþ çðàçê³â ó âà-
êóóì³ íàíîñèëè òîíêèé îäíîð³äíèé øàð çîëîòà. Äëÿ
ïîêðàùåííÿ ÿêîñò³ ³ëþñòðîâàíîãî ìàòåð³àëó ñïî÷àòêó
ïðîâîäèëè ñêàíóâàííÿ âñ³º¿ ïîâåðõí³ ïîïåðå÷íîãî ïå-
ðåð³çó ïë³âîê. Ì³êðîôîòîãðàô³¿ ðîáèëè çà ìàêñèìàëü-
íîãî çá³ëüøåííÿ 20 000 ðàç³â.

Âîäîïðîíèêí³ñòü îòðèìàíèõ ÏÏ âèì³ðþâàëè çà äî-
ïîìîãîþ ïîìïîâî¿ óñòàíîâêè, ÿêà çàáåçïå÷óâàëà íàä-
ëèøêîâèé òèñê â ä³àïàçîí³ 100–3500 psi, ç âèêîðèñòàí-
íÿì äâîêàìåðíî¿ ô³ëüòðàö³éíî¿ êîì³ðêè Security Guard
Cartrige System, Phenomenex (UK). Ä³àìåòð ðîáî÷î¿
ïîâåðõí³ ìåìáðàíè ñòàíîâèâ 5 ìì, øâèäê³ñòü ïîòîêó
çðîñòàëà äî ìàêñèìàëüíî ìîæëèâî¿ ç êðîêîì 0,1 ìë/õâ.
Äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè äèñòèëüîâàíó âîäó.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ðîçãëÿíåìî ðåçóëüòàòè âèì³ðþâàííÿ âîäîïðîíèê-
íîñò³.

Íà ðèñ. 1 íàâåäåí³ çàëåæíîñò³ øâèäêîñò³ ïîòîêó âîäè
â³ä ïðèêëàäåíîãî òèñêó äëÿ ñåð³¿ ïë³âîê, â ÿêèõ ë³í³éíèì
êîìïîíåíòîì íàï³â-ÂÏÑ áóâ ÏÅÃ, à íà ðèñ. 2 – àíà-
ëîã³÷í³ çàëåæíîñò³ äëÿ ñåð³¿ ïë³âîê, â ÿêèõ ë³í³éíèì êîì-
ïîíåíòîì áóâ ÏÓ. Âñ³ íàâåäåí³ çàëåæíîñò³, ÿê âèäíî,

äîáðå îïèñóþòüñÿ ë³í³éíèìè ð³âíÿííÿìè ç êîåô³ö³ºí-
òîì êîðåëÿö³¿ 0,98–0,99. Äëÿ ïîð³âíÿëüíî¿ õàðàêòåðèñ-
òèêè âîäîïðîíèêíîñò³ íà êîæíîìó ãðàô³êó ó âèãëÿä³
ä³àãðàì íàâåäåíî øâèäêîñò³ ïîòîêó âîäè, âèçíà÷åí³ äëÿ
âñ³õ ïë³âîê çà ñòàëèõ çíà÷åíü òèñêó 3000 psi.

ßê áà÷èìî íà ðèñ. 1, äëÿ íååêñòðàãîâàíèõ ïë³âîê ç
ë³í³éíèì êîìïîíåíòîì ÏÅÃ ó íàï³â-ÂÏÑ ç³ çá³ëüøåí-
íÿì âì³ñòó îñòàííüîãî âîäîïðîíèêí³ñòü ïðàêòè÷íî íå
çì³íþºòüñÿ (êðèâ³ 1–3, çàøòðèõîâàí³ ñòîâï÷èêè íà ä³àã-
ðàì³). Ï³ñëÿ åêñòðàêö³¿ ñïîñòåð³ãàºìî ï³äâèùåííÿ âî-
äîïðîíèêíîñò³ ïë³âîê ïðÿìî ïðîïîðö³éíî âì³ñòó ÏÅÃ
ó íàï³â-ÂÏÑ (êðèâ³ 1’–3’, ÷îðí³ ñòîâï÷èêè íà ä³àãðàì³).
Ñë³ä çàçíà÷èòè, ùî âèìèâàííÿ íàéìåíøî¿ ê³ëüêîñò³
ë³í³éíîãî êîìïîíåíòà ÏÅÃ (10 % ìàñ.) ç íàï³â-ÂÏÑ ïðè-
âîäèòü äî çá³ëüøåííÿ âîäîïðîíèêíîñò³ íà ì³í³ìàëüíó
âåëè÷èíó, òîä³ ÿê ð³çíèöÿ âîäîïðîíèêíîñò³ äëÿ ïë³âîê
äî ³ ï³ñëÿ åêñòðàêö³¿ 15 ³ 20 % ìàñ. ÏÅÃ îäíàêîâà. Â
ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ìàêñèìàëüíó âîäî-
ïðîíèêí³ñòü äåìîíñòðóâàëè ïë³âêè ï³ñëÿ åêñòðàêö³¿ ç
íèõ 20 % ìàñ. ÏÅÃ.

Äåùî ³íø³ çàêîíîì³ðíîñò³ ñïîñòåð³ãàëè äëÿ ñåð³¿
ïë³âîê ç ë³í³éíèì ÏÓ ó ñêëàä³ íàï³â-ÂÏÑ (ðèñ. 2). Ó âè-
ïàäêó íååêñòðàãîâàíèõ ïë³âîê ç ÏÓ çíà÷åííÿ âîäî-
ïðîíèêíîñò³ çìåíøóþòüñÿ ïðîïîðö³éíî çá³ëüøåí-
íþ âì³ñòó ë³í³éíîãî êîìïîíåíòà ó ñêëàä³ íàï³â-ÂÏÑ
(ðèñ. 2, êðèâ³ 1–3, çàøòðèõîâàí³ ñòîâï÷èêè íà ä³àãðàì³).
Âî÷åâèäü, öå ñïðè÷èíåíî òèì, ùî íà â³äì³íó â³ä ÏÅÃ,
ë³í³éíèé ÏÓ, ç îäíîãî áîêó, ã³äðîôîáíèé êîìïîíåíò, à
ç ³íøîãî, ìàº ó ñâî¿é ñòðóêòóð³ ôóíêö³îíàëüí³ ãðóïè,
çäàòí³ óòâîðþâàòè âîäíåâ³ çâ’ÿçêè ³ òèì ñàìèì âïëèâà-
òè íà ïðîöåñ ôîðìóâàííÿ ìåòàêðèëàòíî¿ ñ³òêè â íàï³â-
ÂÏÑ (òàáëèöÿ). Ìîæíà ïðèïóñòèòè, ùî ïðè çá³ëüøåíí³
âì³ñòó ë³í³éíîãî ÏÓ ó ñêëàä³ íàï³â-ÂÏÑ ôîðìóºòüñÿ
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Ðèñ. 1. Âîäîïðîíèêí³ñòü ÏÏ, îòðèìàíèõ íà îñíîâ³
íàï³â-ÂÏÑ ç âì³ñòîì ÏÅÃ ÌÌ 20000: 10 (1, 1’); 15 (2, 2’)
³ 20 % ìàñ. (3, 3’). Øòðèõîì ïîçíà÷åí³ çðàçêè ï³ñëÿ
åêñòðàêö³¿; ä³àãðàìè íàâåäåí³ çà ñòàëèõ çíà÷åíü òèñêó
3000 psi
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Ðèñ. 2. Âîäîïðîíèêí³ñòü ÏÏ, îòðèìàíèõ íà îñíîâ³
íàï³â-ÂÏÑ ç âì³ñòîì ÏÓ ÌÌ 40000: 10 (1, 1’); 15 (2, 2’)
³ 20 % ìàñ. (3, 3’). Øòðèõîì ïîçíà÷åí³ çðàçêè ï³ñëÿ
åêñòðàêö³¿; ä³àãðàìè íàâåäåí³ çà ñòàëèõ çíà÷åíü òèñêó
3000 psi
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á³ëüø äåôåêòíà àêðèëàòíà ñ³òêà, ³ öå, â ñâîþ ÷åðãó, óñ-
êëàäíþº ïðîõîäæåííÿ âîäè êð³çü ïë³âêó. Ï³ñëÿ åêñòðàêö³¿
ñïîñòåð³ãàºìî àáñîëþòíî ïðîòèëåæíó êàðòèíó: ÷èì
á³ëüøó ê³ëüê³ñòü ÏÓ ââîäèëè ó ñêëàä íàï³â-ÂÏÑ, à çãî-
äîì âèäàëÿëè øëÿõîì åêñòðàêö³¿, òèì âèùó âîäîïðî-
íèêí³ñòü ó ðåçóëüòàò³ ìàëè ïë³âêè (ðèñ. 2, êðèâ³ 1’–3’,
÷îðí³ ñòîâï÷èêè íà ä³àãðàì³). Îòðèìàí³ ðåçóëüòàòè
ìîæíà ïîÿñíèòè òèì, ùî ï³ñëÿ âèäàëåííÿ ë³í³éíîãî
êîìïîíåíòà ñ³òêà íå âòðà÷àº ñâîº¿ „ñòðóêòóðíî¿ æîðñò-
êîñò³” (ãåîìåòðè÷í³ ðîçì³ðè çðàçêà íå çì³íþþòüñÿ),
âîäíî÷àñ çàáåçïå÷óþ÷è äîñòàòí³é ð³âåíü ïîðèñòîñò³, ³,

â³äïîâ³äíî, âîäîïðîíèêíîñò³. Â ðåçóëüòàò³ ïðîâåäåíèõ
äîñë³äæåíü ìàêñèìàëüíó âîäîïðîíèêí³ñòü äåìîíñòðó-
âàëè ïë³âêè ï³ñëÿ åêñòðàêö³¿ ç íèõ 20 % ìàñ. ÏÓ.

Íà ðèñ. 3 ç ìåòîþ ïîð³âíÿëüíîãî àíàë³çó âïëèâó
ïðèðîäè ë³í³éíîãî êîìïîíåíòà íà âîäîïðîíèêí³ñòü
ïë³âîê íàâåäåíî çàëåæíîñò³ øâèäêîñò³ ïîòîêó â³ä òèñêó
äî òà ï³ñëÿ åêñòðàêö³¿ ñàìå äëÿ ïë³âîê ç 20 % ìàñ. ë³í³éíî-
ãî êîìïîíåíòà ó íàï³â-ÂÏÑ. Òàêîæ ö³ äàí³ ïîäàí³ ó
ôîðì³ ä³àãðàì çà ñòàëèõ çíà÷åíü òèñêó 3000 psi. Ç ïî-
ð³âíÿííÿ âèäíî, ùî ïë³âêà ç ÏÅÃ äî ³ ï³ñëÿ åêñòðàêö³¿
ìàº âèùó âîäîïðîíèêí³ñòü, í³æ ïë³âêà ç ÏÓ. Âàðòî çà-
çíà÷èòè, ùî õàðàêòåð êðèâèõ çàëåæíîñòåé, íàâåäåíèõ
íà ðèñ. 3, äî ³ ï³ñëÿ åêñòðàêö³¿ çàëèøàºòüñÿ íåçì³ííèì: êóò
íàõèëó ïðÿìî¿ äëÿ ÏÓ á³ëüøèé, í³æ äëÿ ÏÅÃ (êðèâà 1’),
ùî ñâ³ä÷èòü ïðî âèùó øâèäê³ñòü ïðîõîäæåííÿ âîäè
êð³çü ïë³âêó íà îñíîâ³ íàï³â-ÂÏÑ ç ÏÅÃ. Îäíàê ó âèïàä-
êó åêñòðàãîâàíèõ ïë³âîê â îáëàñò³ òèñêó âèùå 3000 psi
êðèâ³ ïåðåòèíàþòüñÿ (ðèñ. 3, êðèâ³ 1’ ³ 2’). Òàêèì ÷è-
íîì íàâåäåí³ äàí³ ñâ³ä÷àòü, ùî çà íàäëèøêîâîãî òèñêó äëÿ
îáîõ ñåð³é åêñòðàãîâàíèõ ïë³âîê, îòðèìàíèõ íà îñíîâ³
íàï³â-ÂÏÑ ³ç âì³ñòîì ë³í³éíîãî êîìïîíåíòà 20 % ìàñ.,
äîñÿãàºòüñÿ ïðèáëèçíî îäíàêîâà âîäîïðîíèêí³ñòü.

Àáè çíàéòè ïîÿñíåííÿ ïðèáëèçíî îäíàêîâîìó
ð³âíþ âîäîïðîíèêíîñò³ äëÿ ïë³âîê, îòðèìàíèõ íà îñ-
íîâ³ íàï³â-ÂÏÑ, äî ñêëàäó ÿêèõ âõîäèëè ð³çí³ çà ïðèðî-
äîþ ë³í³éí³ êîìïîíåíòè ÏÅÃ ³ ÏÓ, âèâ÷àëè ìîðôîëîã³þ
ïë³âîê ³ç ìàêñèìàëüíèì âì³ñòîì îñòàíí³õ (20 % ìàñ.).

Íà ðèñ. 4 íàâåäåíî ì³êðîôîòîãðàô³¿ ïîïåðå÷íîãî
ïåðåð³çó ïë³âîê, îòðèìàíèõ íà îñíîâ³ íàï³â-ÂÏÑ, ùî
ì³ñòÿòü ÏÅÃ, à íà ðèñ. 5 – ë³í³éíèé ÏÓ.

Äîáðå âèäíî, ùî â îáîõ âèïàäêàõ ôîðìóºòüñÿ
ïðàêòè÷íî ³çîòðîïíà âíóòð³øíÿ ñòðóêòóðà, ç äâîõ
ñòîð³í îáìåæåíà ù³ëüíèìè ïîâåðõíåâèìè øàðàìè
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Ðèñ. 3. Âîäîïðîíèêí³ñòü ÏÏ, îòðèìàíèõ íà îñíîâ³

íàï³â-ÂÏÑ ³ç âì³ñòîì 20 % ìàñ.: ÏÅÃ ÌÌ 20000 (1, 1’) ³
ÏÓ ÌÌ 40000 (2, 2’). Øòðèõîì ïîçíà÷åí³ çðàçêè ï³ñëÿ
åêñòðàêö³¿; ä³àãðàìè íàâåäåí³ çà ñòàëèõ çíà÷åíü òèñêó
3000 psi
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Ðèñ. 4. Ì³êðîôîòîãðàô³¿ ïîïåðå÷íîãî ïåðåð³çó ïë³âîê, îòðèìàíèõ íà îñíîâ³ àêðèëàòíèõ íàï³â-ÂÏÑ ³ç âì³ñòîì

20 % ìàñ. ÏÅÃ ÌÌ 20000 äî åêñòðàêö³¿ (à, â, ä) ³ ï³ñëÿ (á, ã, å)
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Âîäîïðîíèêí³ñòü ³ ìîðôîëîã³ÿ ïîðèñòèõ ïîë³ìåðíèõ ïë³âîê íà îñíîâ³ àêðèëàòíèõ íàï³â-ÂÏÑ

(ðèñ. 4à–ã, 5à, á). Îñíîâíèì ñòðóêòóðíèì åëåìåíòîì â
îá’ºì³ ïë³âîê º ãëîáóëÿðí³ (àáî íîäóëÿðí³) ïîë³ìåðí³
óòâîðåííÿ, äîâêîëà ÿêèõ ôîðìóºòüñÿ ñèñòåìà âçàºìî-
çâ’ÿçàíèõ ïîð (ðèñ. 4ä, å, 5â–å).

Ïðîöåäóðà åêñòðàêö³¿ ë³í³éíîãî ÏÅÃ ³ç ïë³âîê íà
îñíîâ³ íàï³â-ÂÏÑ çì³íþº ¿õíþ ñòðóêòóðó íà á³ëüø îä-
íîð³äíó, áåç ðîçìèòèõ ìàòîâàíèõ îáëàñòåé, ùî àñîö³þ-
þòüñÿ ç³ ñêóï÷åííÿìè ÏÅÃ (ðèñ. 4à, â). Â îá’ºì³ åêñòðà-
ãîâàíèõ ïë³âîê ïîì³òí³ êàíàëè, ÿê³ çâóæóþòüñÿ ó íà-
ïðÿìêó â³ä ñåðåäèíè äî ïîâåðõí³ ïë³âêè (ðèñ. 4á). Ö³
êàíàëè, âî÷åâèäü, ôîðìóþòüñÿ â ïðîöåñ³ åêñòðàêö³¿
øëÿõîì âèõîäó ë³í³éíîãî êîìïîíåíòà ÏÅÃ ç ãëèáèíè
çðàçêà. Ïðè÷îìó ä³àìåòð öèõ êàíàë³â ñòàíîâèòü ïðè-
áëèçíî 10 ìêì, òîä³ ÿê á³ëÿ ïîâåðõí³ çìåíøóºòüñÿ ìàé-
æå äî 1–2 ìêì. Ï³äòâåðäæåííÿì öüîãî º íàÿâí³ñòü íà-
ñêð³çíèõ îòâîð³â ó ïîâåðõíåâîìó øàð³ (ðèñ. 4á). Âèä-
íî, ùî ïîâåðõíåâèé øàð ì³êðîïîðèñòèé, éîãî òîâùè-
íà ñòàíîâèòü ïðèáëèçíî â³ä 1 äî 6 ìêì (ðèñ. 4ã). ×³òêî¿
ìåæ³ ì³æ ïîâåðõíåâèì øàðîì ìåìáðàíè òà ãëîáóëÿð-
íîþ ñóáñòðóêòóðîþ íå ñïîñòåð³ãàºìî, àëå ìàº ì³ñöå
ïîñòóïîâå çìåíøåííÿ ù³ëüíîñò³ ïàêóâàííÿ ãëîáóëÿð-
íèõ ñòðóêòóðíèõ óãðóïîâàíü ïðè â³ääàëåíí³ â³ä ïîâåðõí³
ìåìáðàíè äî ñåðåäèíè ïë³âêè. Íà ðîçì³ð ñàìèõ ãëîáóë
ïðîöåäóðà åêñòðàêö³¿ í³ÿê íå âïëèâàº, îäíàê âåäå äî
çá³ëüøåííÿ ì³æãëîáóëÿðíîãî ïðîñòîðó â îá’ºì³ ïë³âêè
(ðèñ. 4ä, å). Îòæå, ìîæíà ñòâåðäæóâàòè, ùî âèìèâàííÿ
ë³í³éíîãî êîìïîíåíòà ÏÅÃ ç ïë³âîê, îòðèìàíèõ íà îñ-
íîâ³ íàï³â-ÂÏÑ, ôîðìóº á³ëüø ïîðèñòó ñóáñòðóêòóðó
ç øèðîêèì ä³àïàçîíîì ðîçì³ð³â êàíàë³â ³ ïîð.

Íà ì³êðîôîòîãðàô³ÿõ ïîïåðå÷íîãî ïåðåð³çó ïë³âîê,
îòðèìàíèõ íà îñíîâ³ íàï³â-ÂÏÑ ç ë³í³éíèì ÏÓ, âèäíî,
ùî çàñòîñóâàííÿ îñòàííüîãî òàêîæ âåäå äî óòâîðåííÿ
³çîòðîïíî¿ ñòðóêòóðè, àëå ç ïîâåðõíåâèì øàðîì

ìåíøî¿ òîâùèíè ³ ù³ëüíîñò³, í³æ ó âèïàäêó ç ÏÅÃ 20000
(ðèñ. 5à, á). Â îá’ºì³ çðàçêà-ïë³âêè ï³ñëÿ åêñòðàêö³¿ íå
ñïîñòåð³ãàºìî í³ÿêèõ êàíàë³â (ðèñ. 5á). Íàòîì³ñòü ÷³òêî
âèäíî ìîíîäèñïåðñí³ ãëîáóëÿðí³ óòâîðåííÿ, ùî ôîð-
ìóþòüñÿ ùå äî åêñòðàêö³¿ (ðèñ. 5â, ã). Òîáòî â³äñóòíÿ
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Ðèñ. 5. Ì³êðîôîòîãðàô³¿ ïîïåðå÷íîãî ïåðåð³çó ïë³âîê, îòðèìàíèõ íà îñíîâ³ àêðèëàòíèõ íàï³â-ÂÏÑ ³ç âì³ñòîì

20 % ìàñ. ÏÓ ÌÌ 40000 (ìàðêè «Â³òóð») äî åêñòðàö³¿ (à, â, ä) ³ ï³ñëÿ (á, ã, å)
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Ðèñ. 6. Ðîçì³ð ñåðåäíüîãî ä³àìåòðà ãëîáóë äëÿ ïë³âîê
íà îñíîâ³ íàï³â-ÂÏÑ  ³ç âì³ñòîì 20 % ìàñ. ÏÅÃ ³ ÏÓ äî
òà ï³ñëÿ åêñòðàêö³¿
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ð³çíèöÿ ìîðôîëîã³¿ íååêñòðàãîâàíèõ òà åêñòðàãîâàíèõ
ïë³âîê. Ñòðóêòóðà ïë³âîê ö³º¿ ñåð³¿ á³ëüø ðèõëà, ïîð³âíÿ-
íî ç ïë³âêàìè ç ÏÅÃ.

Íà ðèñ. 6 íàâåäåí³ ðåçóëüòàòè ðîçðàõóíê³â ðîçì³ðó
ñåðåäíüîãî ä³àìåòðà ãëîáóë, ïðîâåäåí³ íà ï³äñòàâ³ àíà-
ë³çó öèôðîâèõ çîáðàæåíü ì³êðîôîòîãðàô³é (ðèñ. 4ä, å,
5â, ã). Òàê, äëÿ ïë³âîê ç ë³í³éíèì êîìïîíåíòîì ÏÅÃ
ÌÌ 20000 ä³àìåòð ãëîáóë âàð³þºòüñÿ â ìåæàõ 0,12–
0,27 ìêì. Ïðè÷îìó íàéá³ëüøà ê³ëüê³ñòü ãëîáóë ìàº ñå-
ðåäí³é ðîçì³ð áëèçüêî 0,169 ìêì äëÿ íååêñòðàãîâàíèõ ³
0,193 ìêì – äëÿ åêñòðàãîâàíèõ. Òîä³ ÿê äëÿ ïë³âîê ç
ë³í³éíèì ÏÓ ÌÌ 40000 ðîçì³ð ãëîáóëÿðíèõ óòâîðåíü
ëåæèòü ó ä³àïàçîí³ 0,42–1,05 ìêì, á³ëüøà ÷àñòèíà ÿêèõ
ìàº ä³àìåòð 0,842 ìêì.

Îòæå, ç íàâåäåíèõ ìîðôîëîã³÷íèõ äîñë³äæåíü ìîæ-
íà çðîáèòè âèñíîâîê, ùî ³çîòðîïí³ ãëîáóëÿðí³ ñòðóêòó-
ðè, îòðèìàí³ ÿê ïë³âêè, õàðàêòåðèçóþòüñÿ â³äíîñíî
âóçüêèì ðîçïîä³ëîì ãëîáóë (íîäóë) çà ðîçì³ðàìè, ïðè-
÷îìó ñåðåäí³é ðîçì³ð ãëîáóëÿðíèõ óòâîðåíü äëÿ ïë³âîê
íà îñíîâ³ íàï³â-ÂÏÑ ë³í³éíèì êîìïîíåíòîì ÏÓ ïðè-
áëèçíî â 5 ðàç³â á³ëüøèé, í³æ ó âèïàäêó ïë³âîê ç ÏÅÃ.
Âî÷åâèäü, öå ìîæíà ïîÿñíèòè â³äì³ííîþ ïðèðîäîþ
öèõ ïîë³ìåð³â ³ ð³çíèì ð³âíåì òåðìîäèíàì³÷íî¿ ñïîð³ä-
íåíîñò³ ë³í³éíèõ êîìïîíåíò³â ç àêðèëàòíîþ ñ³òêîþ âè-
õ³äíèõ íàï³â-ÂÏÑ [11].

À îñê³ëüêè ðîçì³ð ãëîáóë äëÿ ïë³âîê íà îñíîâ³ íàï³â-

ÂÏÑ ç ë³í³éíèì ÏÓ á³ëüøèé, òî ïîðèñò³ñòü ³, â³äïîâ³ä-
íî, âîäîïðîíèêí³ñòü öèõ ïë³âîê ìàº áóòè âèùîþ [2].
Îäíàê çà âèñîêîãî òðàíñìåìáðàííîãî òèñêó çíà÷åííÿ
øâèäêîñò³ ïîòîêó âîäè äëÿ îáîõ ñåð³é ïë³âîê ïðàêòè÷-
íî çð³âíþþòüñÿ (ðèñ. 3, êðèâ³ 1’, 2’). Ìîæíà ïðèïóñòè-
òè, ùî â ðåçóëüòàò³ òðèâàëîãî íàäëèøêîâîãî òèñêó ïî-
òîêó âîäè íà ïë³âêó âîíà ïðîñòî ñïëþùóºòüñÿ, òèì ñà-
ìèì çá³ëüøóþ÷è ù³ëüí³ñòü óïàêîâêè íîäóë, ùî, â ñâîþ
÷åðãó, ïîçíà÷àºòüñÿ íà çìåíøåíí³ âîäîïðîíèêíîñò³.
Î÷åâèäíî çà íàäëèøêîâîãî òèñêó âîäîïðîíèêí³ñòü åê-
ñòðàãîâàíèõ ïë³âîê, îòðèìàíèõ íà îñíîâ³ íàï³â-ÂÏÑ ç
ìàêñèìàëüíèì âì³ñòîì ë³í³éíîãî êîìïîíåíòà, íå çà-
ëåæèòü â³ä ïðèðîäè îñòàííüîãî.
Âèñíîâêè.

Îòæå, â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâ-
ëåíî, ùî ñèíòåç íàï³â-ÂÏÑ íà îñíîâ³ àêðèëàòíî¿ ñ³òêè,
ìîäèô³êîâàíî¿ îë³ãîóðåòàíàêðèëàòîì, ³ ð³çíèõ çà ïðè-
ðîäîþ (ÏÅÃ ³ ÏÓ) ë³í³éíèõ êîìïîíåíò³â-ïîðîóòâîðþ-
âà÷³â, ÿê³ â ïîäàëüøîìó âèäàëÿþòüñÿ øëÿõîì åêñòðàêö³¿,
çàáåçïå÷óº îòðèìàííÿ òîíêèõ ïë³âîê ç ð³çíèì ð³âíåì
³çîòðîïíî¿ ãëîáóëÿðíî¿ (íîäóëÿðíî¿) ìîðôîëîã³¿ é âíóò-
ð³øíüîþ ïîðóâàòîþ ñòðóêòóðîþ òà ñïðèÿº çðîñòàííþ
¿õíüî¿ âîäîïðîíèêíîñò³. Íàéá³ëüøó âîäîïðîíèêí³ñòü
äåìîíñòðóâàëè ïë³âêè ï³ñëÿ âèäàëåííÿ ç íèõ ìàêñè-
ìàëüíîãî (20 % ìàñ.) âì³ñòó ë³í³éíîãî êîìïîíåíòà ó
íàï³â-ÂÏÑ.
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Èññëåäîâàíî âîäîïðîíèöàåìîñòü è ìîðôîëîãèþ ïîðèñòûõ ïîëèìåðíûõ ïëåíîê, ñôîðìèðîâàííûõ
çà ïðèíöèïîì âçàèìîïðîíèêàþùèõ ïîëèìåðíûõ ñåòîê (ÂÏÑ). Ïëåíêè ñèíòåçèðîâàëè íà îñíîâå
ïîëó-ÂÏÑ, â ñîñòàâ êîòîðûõ âõîäèëè àêðèëàòíàÿ ñåòêà, ìîäèôèöèðîâàííàÿ
îëèãîóðåòàíàêðèëàòîì, è ðàçëè÷íûå ïî ïðèðîäå ëèíåéíûå êîìïîíåíòû-ïîðîîáðàçîâàòåëè –
ïîëèýòèëåíãëèêîëü (ÏÅÃ, ÌÌ 20000) è ïîëèóðåòàí (ÏÓ, ÌÌ 40000). Âîäîïðîíèöàåìîñòü
èññëåäîâàëè ñ ïîìîùüþ ïîìïîâîé óñòàíîâêè, îáåñïå÷èâàþùåé èçáûòî÷íîå äàâëåíèå â äèàïàçîíå
100–3500 psi, ñ èñïîëüçîâàíèåì äâóõêàìåðíîé ôèëüòðàöèîííîé ÿ÷åéêè Security Guard Cartrige
System, Phenomenex (UK). Ìîðôîëîãèþ ïëåíîê èçó÷àëè ìåòîäîì ÑÝÌ. Óñòàíîâëåíî, ÷òî
ñîäåðæàíèå è ïðèðîäà ëèíåéíîãî êîìïîíåíòà àêðèëàòíûõ ïîëó-ÂÏÑ ñóùåñòâåííî âëèÿþò íà
ìîðôîëîãèþ è âîäîïðîíèöàåìûå ñâîéñòâà ïîëó÷åííûõ ïëåíîê. Ïîêàçàíî, ÷òî ïîëó÷åííûå òîíêèå
ïëåíêè èìåþò èçîòðîïíóþ ãëîáóëÿðíóþ (íîäóëÿðíóþ) ïîðèñòóþ ñòðóêòóðó ñ îòíîñèòåëüíî óçêèì
ðàñïðåäåëåíèåì ãëîáóë (íîäóë) ïî ðàçìåðàì. Ñðåäíèé ðàçìåð íîäóë â ñòðóêòóðå ïëåíîê ñ ÏÓ
ïðèáëèçèòåëüíî â 5 ðàç áîëüøå, ÷åì ñ ÏÅÃ. Íàèáîëüøóþ âîäîïðîíèöàåìîñòü äåìîíñòðèðîâàëè
ïëåíêè ïîñëå ýêñòðàêöèè ìàêñèìàëüíîãî (20 % ìàñ.) ñîäåðæàíèÿ ëèíåéíîãî êîìïîíåíòà.
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Waterpermeability and morphology of porous polymer films based on acrylate
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The morphology and water permeability of porous polymer films formed on the basis of interpenetrating
polymer networks (IPN) were investigated. The films were synthesized based on semi-IPN comprised of
acrylate network modified by oligourethane acrylate, and different in nature linear components-
porogens – polyethylene glycol (PEG, MM 20000) and polyurethane (PU, MM 40000). The water
permeability was studied using a pumping unit provided overpressure in the range of 100-3500 psi
using a two-chamber cell filtration Security Guard Cartrige System, Phenomenex (UK). The morphology
of films was studied by SEM. It was established that the content and nature of the linear component of
acrylate semi-IPN significantly affect on the morphology and water permeability properties of the
obtained films. It is shown that the obtained thin films have isotropic globular (nodular) a porous
structure with a relatively narrow globule (nodule) size distribution. The average size of nodules of
the structure of films with PU is about 5 times greater than with PEG. The greatest water permeability
of films after extraction of maximum (20 % wt.) content of the linear component was demonstrated.

Key words: porous polymer films, oligoetheracrylates, semi-IPNs, morphology, water permeability.




