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Ñèíòåçîâàíî íîâ³ åïîêñèäí³ ïîë³ìåðè íà îñíîâ³ åïîêñèä³àíîâî¿ ñìîëè ÅÄ-20 ³ âîäíîãî ðîç÷èíó
ôîñôîðâîëüôðàìîâî¿ ãåòåðîïîë³êèñëîòè (ÔÂÊ) çà íàÿâíîñò³ íàïîâíþâà÷à îêñèäó êðåìí³þ (ÎÊ).
Âñòàíîâëåíî, ùî ÔÂÊ – àêòèâíèé êàòàë³çàòîð ïîë³ìåðèçàö³¿ åïîêñèäíèõ îë³ãîìåð³â ç óòâîðåííÿì
ïîë³ìåð³â ïðîñòîðîâî¿ áóäîâè, âëàñòèâîñò³ ÿêèõ çàëåæàòü â³ä âì³ñòó âîäíîãî ðîç÷èíó ÔÂÊ ³
ÎÊ. Åïîêñèäí³ ïîë³ìåðè, ñèíòåçîâàí³ çà íàÿâíîñò³ ÔÂÊ ³ ÎÊ, ìàþòü âèù³ ðóéí³âíó íàïðóãó ïðè
ðîçòÿç³, òåìïåðàòóðè ñêëóâàííÿ, òåðìîñò³éê³ñòü ³ íèæ÷å âîäîïîãëèíàííÿ, ïîð³âíÿíî ç
â³äïîâ³äíèìè íàïîâíåíèìè ïîë³åïîêñèäàìè, çàòâåðäíåíèìè ïîë³åòèëåíïîë³àì³íîì.

Êëþ÷îâ³ ñëîâà: åïîêñèäíèé ïîë³ìåð, ãåòåðîïîë³êèñëîòà, ô³çèêî-ìåõàí³÷í³, òåïëîô³çè÷í³, ñîðáö³éí³, òåðì³÷í³
âëàñòèâîñò³.
Âñòóï.

Çäàòí³ñòü åïîêñèäíèõ ãðóï âçàºìîä³ÿòè ç ð³çíèìè
ðåàêö³éíîçäàòíèìè õ³ì³÷íèìè ñïîëóêàìè âèçíà÷àº
øèðîêèé ñïåêòð âëàñòèâîñòåé òà óìîâè çàñòîñóâàííÿ
åïîêñèäíèõ êîìïîçèò³â ó âèðîáíèöòâ³ ïðîìèñëîâèõ ìà-
òåð³àë³â [1, 2]. Âàæëèâèé ôàêòîð, ùî âèçíà÷àº ñòðóêòó-
ðó ³ âëàñòèâîñò³ åïîêñèäíèõ ïîë³ìåð³â, – îòâåðäæóâà÷.
Çàòâåðä³ííÿ åïîêñèäíèõ ñìîë ìîæå â³äáóâàòèñÿ â ðå-
çóëüòàò³ ïîë³êîíäåíñàö³¿ åïîêñèäíèõ îë³ãîìåð³â ïîë³-
ôóíêö³îíàëüíèìè ñïîëóêàìè (ïîë³àì³íàìè, ïîë³àì³ä-
íèìè ñìîëàìè, àíã³äðèäàìè êèñëîò ³ ³í.) àáî â ïðîöåñ³
³îííî¿ ïîë³ìåðèçàö³¿ [1, 3]. Îñòàíí³ì ÷àñîì âåëèêó óâà-
ãó ïðèâåðòàº çàñòîñóâàííÿ ãåòåðîïîë³êèñëîò äëÿ ñòâî-
ðåííÿ îðãàíî-íåîðãàí³÷íèõ ñèñòåì ç ï³äâèùåíèìè
ì³öí³ñòþ òà åëåêòðîïðîâ³äí³ñòþ [4–7].

Ó çâ’ÿçêó ç öèì âèêëèêàº ³íòåðåñ âèêîðèñòàííÿ
ñèëüíî¿ ôîñôîðâîëüôðàìîâî¿ ãåòåðîïîë³êèñëîòè
H3[P(W3O10)4] (ÔÂÊ) ÿê êàòàë³çàòîðà, ÿêà ìàº øèðî-
êèé ñïåêòð ö³ííèõ âëàñòèâîñòåé, òàêèõ ÿê: âèñîê³ òåð-
ì³÷íà ñòàá³ëüí³ñòü ³ êèñëîòí³ñòü, ïðîòîííà åëåêòðî-
ïðîâ³äí³ñòü, íàíîðîçì³ðí³ñòü [3, 8].

Ñòàíîâèòü ³íòåðåñ òàêîæ ôîðìóâàííÿ åïîêñèäíî¿
ñèñòåìè (ÅÑ) ç ãåòåðîãåííîþ ôàçîâîþ ñòðóêòóðîþ, óò-
âîðåíîþ íàïîâíþâà÷åì – îêñèäîì êðåìí³þ (ÎÊ).

Ìåòîþ ö³º¿ ðîáîòè º ñèíòåç ³ äîñë³äæåííÿ âëàñòèâîñ-
òåé åïîêñèäíèõ êîìïîçèò³â, îòðèìàíèõ ïîë³ìåðèçàö³ºþ
åïîêñèäíî¿ ñìîëè ÅÄ-20 çà íàÿâíîñò³ ôîñôîðâîëüôðà-
ìîâî¿ êèñëîòè òà âèçíà÷åííÿ âïëèâó íåîðãàí³÷íîãî
íàïîâíþâà÷à ÎÊ.
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Îá’ºêòîì äîñë³äæåííÿ áóëè åïîêñèôîñôîðâîëüô-
ðàìîâ³ êîìïîçèö³¿ (ÅÔÂÊ), îòðèìàí³ çàòâåðä³ííÿì

åïîêñèä³àíîâîãî îë³ãîìåðó ÅÄ-20 çà íàÿâíîñò³ âîäíî-
ãî ðîç÷èíó ÔÂÊ ³ íåîðãàí³÷íîãî íàïîâíþâà÷à ÎÊ. Åïîê-
ñèôîñôîðâîëüôðàìîâ³ ïîë³ìåðè ñèíòåçóâàëè çà ð³çíèõ
ñï³ââ³äíîøåíü êîìïîíåíò³â ÅÄ-20 : ÔÂÊ : âîäà : ÎÊ.
Çðàçêè ÅÔÂÊ îòðèìóâàëè çì³øóâàííÿì â³äïî-
â³äíî¿ ê³ëüêîñò³ ÅÄ-20, íàïîâíþâà÷à ³ âîäíîãî ðîç÷èíó
ÔÂÊ. Çðàçêè åïîêñèàì³ííèõ êîìïîçèö³é (ÅÀÊ) îòðè-
ìóâàëè çì³øóâàííÿì ÅÄ-20, îêñèäó êðåìí³þ ³ ïîë³åòè-
ëåíïîë³àì³íó (ÏÅÏÀ). Çðàçêè ÅÔÂÊ òà åïîêñèàì³ííèõ
êîìïîçèö³é âèòðèìóâàëè äîáó çà ê³ìíàòíî¿ òåìïåðà-
òóðè, ïîò³ì íàãð³âàëè ïðîòÿãîì 3 ãîä. çà òåìïåðàòóðè
100 °Ñ.

Ðóéí³âíó íàïðóãó ïðè ðîçòÿç³ âèì³ðþâàëè ó â³äïî-
â³äíîñò³ ç ÃÎÑÒ-11261, àäãåç³éíó ì³öí³ñòü ïðè íîðìàëü-
íîìó â³äðèâ³ êëåéîâîãî ç’ºäíàííÿ ñòàëüíèõ ïîâåðõîíü
– çã³äíî ç ÃÎÑÒ-14760.

Òåìïåðàòóðè ñêëóâàííÿ âèçíà÷àëè ìåòîäîì äè-
ôåðåíö³àëüíî¿ ñêàíóâàëüíî¿ êàëîðèìåòð³¿ (ÄÑÊ).
Êàëîðèìåòðè÷í³ âèì³ðþâàííÿ ïðîâîäèëè íà ïðèëàä³
ÒÀ Instruments DSC Q 2000 â ³íòåðâàë³ òåìïåðàòóð
0–170 °Ñ çà øâèäêîñò³ íàãð³âàííÿ 20 °Ñ/õâ. Òåìïåðàòó-
ðè ñêëóâàííÿ (Òñ) âèçíà÷àëè ÿê ñåðåäèíó ïåðåõîäó Òñ
íà ÄÑÊ êðèâèõ ïðè äðóãîìó íàãð³âàíí³.

Âèâ÷åííÿ òåðì³÷íèõ õàðàêòåðèñòèê çðàçê³â ÅÔÂÊ
ïðîâîäèëè ìåòîäîì òåðìîãðàâ³ìåòð³¿ íà ïðèëàä³ ÒÀ
Instruments TGA Q 50.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Íà îñíîâ³ îòðèìàíèõ åêñïåðèìåíòàëüíèõ äàíèõ
áóëî âñòàíîâëåíî, ùî ïîë³ìåðèçàö³ÿ åïîêñèäíèõ îë³-
ãîìåð³â çà íàÿâíîñò³ ÔÂÊ â³äáóâàºòüñÿ çà íèçüêèõ
òåìïåðàòóð ³ç ñèëüíèì ðîç³ãð³âàííÿì çà ìåõàí³çìîì
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êàòàë³òè÷íî¿ êàò³îííî¿ ïîë³ìåðèçàö³¿ [3, 8]. Ïî÷àòêîâà
ñòàä³ÿ öüîãî ïðîöåñó – äèñîö³àö³ÿ ãåòåðîïîë³êèñëîòè
çà íàÿâíîñò³ âîäè çà ð³âíÿííÿì:

H3[P(W3O10)4] →  Í+ + Í2[P(W3O10)4] 
– .

Äàë³, çã³äíî ³ç çàïðîïîíîâàíèì ìåõàí³çìîì êàòàë³-
òè÷íî¿ êàò³îííî¿ ïîë³ìåðèçàö³¿ åïîêñèäíèõ ñïîëóê,
â³äáóâàºòüñÿ ïðîöåñ ³í³ö³þâàííÿ çà ó÷àñòþ ïðîòîíà
ñèëüíî¿ êèñëîòè ÔÂÊ ³ ïîäàëüøèé ð³ñò ëàíöþãà çà ñõå-
ìîþ:

Îáðèâ ìàêðîìîëåêóëÿðíèõ ëàíöþã³â, â³ðîã³äíî,
çä³éñíþºòüñÿ çà ðàõóíîê âçàºìîä³¿ àêòèâíîãî öåíòðó
(-ÑÍ+

2 ) ç ñèëüíèìè íóêëåîô³ëüíèìè àãåíòàìè (íåéò-
ðàëüíèìè ìîëåêóëàìè, íàïðèêëàä Í2Î, àáî ³îíàìè) çà
ìåõàí³çìîì íóêëåîô³ëüíîãî ïðèºäíàííÿ.

Â ²×-ñïåêòð³ åïîêñèôîñôîðâîëüôðàìîâîãî ïîë³ìå-
ðó çíèêàº ñìóãà 915 ñì-1 (ðèñ. 1, ñïåêòð 1) êîëèâàííÿ
îêñèðàíîâèõ ãðóï [9]. Çàì³ñòü ö³º¿ ñìóãè â ïðîäóêò³
ðåàêö³¿ ç’ÿâëÿºòüñÿ ñìóãà 1107 ñì-1 (ðèñ. 1, ñïåêòð 2),
õàðàêòåðíà äëÿ êîëèâàíü (Ñ–Î–Ñ) ãðóï, ùî º ï³äòâåðä-
æåííÿì âçàºìîä³¿ àêòèâíèõ öåíòð³â çðîñòàþ÷èõ ëàí-
öþã³â ç îêñèðàíîâèìè ãðóïàìè åïîêñèäíèõ îë³ãîìåð³â
òà óòâîðåííÿ çøèòèõ ñòðóêòóð çà ñõåìîþ. Ðàçîì ç
òèì, â ²×-ñïåêòð³ ïðîäóêòó ïîë³ìåðèçàö³¿ ç’ÿâëÿºòüñÿ
³íòåíñèâíà ñìóãà ç ìàêñèìóìîì çà 3414 ñì-1 âàëåíò-
íèõ êîëèâàíü ã³äðîêñèëüíèõ ãðóï. ̄ ¿ çì³ùåííÿ ³ ôîðìà
ñâ³ä÷àòü ïðî ïåðåá³ã ðåàêö³¿ çà ìåõàí³çìîì êàò³îí-
íî¿ ïîë³ìåðèçàö³¿. Îòæå, ²×-ñïåêòðîñêîï³÷í³ äàí³ íà-
ä³éíî âêàçóþòü íà êàò³îííó ïîë³ìåðèçàö³þ åïîêñèäíî¿
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Ðèñ.1. ²×-ñïåêòðè ïîãëèíàííÿ ÅÄ-20(1) ³ ÅÔÂÊ (2)
ñêëàäó ÅÄ-20:ÔÂÊ:âîäà=99:1:1

ν, ñì-1

¹ ï/ï ÅÄ-20, 
ìàñ.÷. ÔÂÊ, ìàñ.÷. Âîäà, 

ìàñ.÷. ÎÊ, ìàñ.÷. σð, ÌÏà Âîäîïîãëèíàííÿ, % 

1 99,5 0,5 0,5 - 24,4 0,16 
2 99,5 0,5 0,5 5 31,4 0,17 
3 99,0 1,0 1,0 5 32,4 0,18 
4 98,5 1,5 1,5 5 33,1 0,27 
5 98,0 2,0 2,0 5 37,5 0,30 
6 97,0 3,0 3,0 5 48,3 0,31 
7 96,0 4,0 4,0 5 30,1 0,32 
8 99,5 0,5 0,5 10 31,9 0,21 
9 99,0 1,0 1,0 10 32,0 0,24 
10 98,5 1,5 1,5 10 34,0 0,25 
11 98,0 2,0 2,0 10 35,5 0,26 
12 97,0 3,0 3,0 10 40,9 0,26 
13 96,0 4,0 4,0 10 30,3 0,27 
14 99,5 0,5 0,5 15 28,5 0,16 
15 99,0 1,0 1,0 15 29,4 0,17 
16 98,5 1,5 1,5 15 34,6 0,22 
17 98,0 2,0 2,0 15 40,1 0,25 
18 97,0 3,0 3,0 15 41,5 0,26 
19 96,0 4,0 4,0 15 31,8 0,27 
20 90,0 ÏÅÏÀ,10 - 5 35,6 0,47 
21 90,0 ÏÅÏÀ,10 - 10 29,6 0,71 
22 90,0 ÏÅÏÀ,10 - 15 28,0 0,92 

 

Òàáëèöÿ 1. Ñêëàäè åïîêñèäíèõ êîìïîçèö³é, ¿õ ðóéí³âíà íàïðóãà ïðè ðîçòÿç³ ³ âîäîïîãëèíàííÿ
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ñìîëè çà íàÿâíîñò³ âîäíîãî ðîç÷èíó ÔÂÊ.
ßê âèäíî ³ç äàíèõ òàáë. 1, ðóéí³âíà íàïðóãà ïðè ðîç-

òÿç³ åïîêñèäíèõ ïîë³ìåð³â, çàòâåðäíåíèõ ÔÂÊ, ³ñòîòíî
ï³äâèùóºòüñÿ çà íàÿâíîñò³ ÎÊ. Âèñîê³ çíà÷åííÿ ì³öíîñò³
ìàþòü åïîêñèäí³ êîìïîçèö³¿, çàòâåðäíåí³ ÔÂÊ ó
ê³ëüêîñò³ 0,5; 1,0; 1,50; 2,0; 3,0 ³ 4,0 ìàñ.÷. ³ ç âì³ñòîì ÎÊ
5, 10 ³ 15 ìàñ.÷. Ìàêñèìàëüí³ çíà÷åííÿ ì³öíîñò³ ìàþòü
ïîë³åïîêñèäè ç âì³ñòîì ÔÂÊ 3 ìàñ.÷., íàïîâíåí³ 5, 10 ³
15 ìàñ.÷. îêñèäó êðåìí³þ (òàáë. 1). Ïðè çá³ëüøåíí³
âì³ñòó ÔÂÊ äî 4 ìàñ.÷. çà âì³ñòó ÎÊ 5, 10 ³ 15 ìàñ.÷.
çíà÷åííÿ ì³öíîñò³ çìåíøóþòüñÿ, î÷åâèäíî, âíàñë³äîê
çá³ëüøåííÿ ê³ëüêîñò³ ðåàêö³é îáðèâó ìàêðîëàíöþã³â
ï³ä âïëèâîì âîäè òà óòâîðåííÿ ïîë³ìåð³â ç ìåíøîþ
ê³ëüê³ñòþ âóçë³â çøèâàííÿ (òàáë. 1).

Çá³ëüøåííÿ ðóéí³âíî¿ íàïðóãè ïðè ðîçòÿç³ ïîë³-
åïîêñèä³â, çàòâåðäíåíèõ ÔÂÊ ³ íàïîâíåíèõ äèñïåðñíèì
ÎÊ, ïîð³âíÿíî ç íàïîâíåíèìè ÎÊ ïîë³åïîêñèäàìè,
çàòâåðäíåíèìè ÏÅÏÀ, ìîæíà ïîÿñíèòè óòâîðåííÿì äî-
äàòêîâî¿ ô³çè÷íî¿ ñ³òêè âîäíåâèõ çâ’ÿçê³â ó ãðàíè÷íîìó
øàð³ çà ðàõóíîê ã³äðîêñèëüíèõ ãðóï ÔÂÊ ³ ìàêðî-
ëàíöþã³â òà ã³äðîêñèëüíèõ ãðóï, ùî ïåðåáóâàþòü íà

Ñêëàä Òñ 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:1:1:5 140,4 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:1:1:10 141,5 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:1:1:15 142,4 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:2:2:5 114,7 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:2:2:10 115,6 
ÅÄ:ÔÂÊ:Â:ÎÊ 99:2:2:15 117,5 

ÅÄ:ÏÅÏÀ:ÎÊ 90:10:5 93,5 
ÅÄ:ÏÅÏÀ:ÎÊ 90:10:10 91,6 
ÅÄ:ÏÅÏÀ:ÎÊ 90:10:15 93,2 

Òàáëèöÿ 2. Òåìïåðàòóðè ñêëóâàííÿ åïîêñèäíèõ
êîìïîçèö³é çà äàíèìè ÄÑÊ

ïîâåðõí³ íàïîâíþâà÷à [10].
Ðåçóëüòàòè âèì³ðþâàíü âîäîïîãëèíàííÿ åïîêñèäíèõ

ïîë³ìåð³â çà äîáó, çàòâåðäíåíèõ 1–3 % ÔÂÊ, çà íàÿâ-
íîñò³ 5, 10 ³ 15 ìàñ.÷. ÎÊ íàâåäåí³ â òàáë. 1. ²ç äàíèõ
òàáëèö³ âèäíî, ùî åïîêñèäí³ ïîë³ìåðè, çàòâåðäíåí³
ÔÂÊ, ìàþòü çíà÷åííÿ âîäîïîãëèíàííÿ íèæ÷³ ïîð³âíÿ-
íî ç åïîêñèàì³ííèìè ïîë³ìåðàìè, íàïîâíåíèìè òàêîþ
æ ê³ëüê³ñòþ ÎÊ. Ö³ ðåçóëüòàòè ñâ³ä÷àòü ïðî á³ëüøó ãóñ-
òèíó ïðîñòîðîâî¿ ñ³òêè åïîêñèäíèõ ïîë³ìåð³â, çàòâåðä-
íåíèõ ÔÂÊ, ïîð³âíÿíî ç åïîêñèàì³ííèìè.
Äàí³ ÄÑÊ.

ÄÑÊ êðèâ³ ïðè äðóãîìó íàãð³âàíí³ íàâåäåí³
íà  ðèñ. 2. Íà öüîìó ðèñóíêó ïîäàíà çàëåæí³ñòü
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Ðèñ. 2. ÄÑÊ-êðèâ³ åïîêñèïîë³ìåð³â, çàòâåðäíåíèõ
ïîë³åòèëåíïîë³àì³íîì çà íàÿâíîñò³ ÎÊ (ÅÄ-
20:ÏÅÏÀ:ÎÊ): 1 – 90:10: 5; 2 – 90:10: 10 ³ 3 – 90:10:15
ìàñ.÷.; çàòâåðäíåíèõ âîäíèì ðîç÷èíîì ÔÂÊ çà
íàÿâíîñò³ ÎÊ (ÅÄ-20:ÔÂÊ:âîäà:ÎÊ): 4 – 91:1:1:5; 5 –
99:1:1:15; 6 – 98:2:2:5 ³ 7 – 98:2:2:15 ìàñ.÷.

1
2
3

4
5
6
7

Ñêëàä Òï–Òê, °Ñ ∆g, % Òìàê, °Ñ Êîêñ. çàë.  
çà Ò = 800 °Ñ, % 

ÅÄ:ÔÂÊ:âîäà 
99:1:1 275–410 42,0 345 0 

ÅÄ:ÔÂÊ:âîäà:êâàðö 
99:1:1:5 353–389 38 375 4,6 

99:1:1:10 371–430 48,5 408 30,0 
99:1:1:15 350–377 30,0 364 12,0 
98:2:2:5 334–375 31,5 359 8,4 

98:2:2:10 340–425 52,5 401 29,0 
98:2:2:15 336–376 31,5 363 15,0 
97:3:3:5 288–412 56,0 382 26,0 

97:3:3:10 286–420 59,0 389 28,0 
97:3:3:15 284–410 51,5 385 32,0 

ÅÄ:ÏÅÏÀ 
90:10 210–450 44 300 1,7 

ÅÄ:ÏÅÏÀ:êâàðö 
90:10:5 279–374 33 303 4,5 

90:10:10 280–375 33,5 305 7,6 
90:10:15 282–378 31,0 312 11,7 

 

Òàáëèöÿ 3. Òåðìîãðàâ³ìåòðè÷í³ õàðàêòåðèñòèêè åïîêñèäíèõ êîìïîçèö³é
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òåìïåðàòóð ñêëóâàííÿ (Òñ ) ïîë³ìåð³â â³ä âì³ñòó ÎÊ ó
ðåàêö³éí³é ñóì³ø³ ïðè âèêîðèñòàíí³ ÿê îòâåðäæóâà÷à
âîäíèõ ðîç÷èí³â ÔÂÊ ³ ÏÅÏÀ. ²ç äàíèõ, íàâåäåíèõ íà
ðèñ. 2 ³ â òàáë. 2 âèäíî, ùî Òñ âèù³ ó âèïàäêó âèêîðèñ-
òàííÿ ÿê îòâåðäæóâà÷à âîäíîãî ðîç÷èíó ÔÂÊ çà éîãî
âì³ñòó 1 ³ 2 ìàñ.÷. òà îêñèäó êðåìí³þ 5, 10 ³ 15 ìàñ.÷.
ïîð³âíÿíî ç åïîêñèäíèìè ïîë³ìåðàìè, çàòâåðäíåíèìè
ÏÅÏÀ ç òàêèì æå âì³ñòîì ÎÊ. Îòðèìàí³ ðåçóëüòàòè
âêàçóþòü íà á³ëüøó ãóñòèíó ïðîñòîðîâî¿ ñ³òêè åïîê-
ñèäíèõ ïîë³ìåð³â, çàòâåðäíåíèõ ÔÂÊ ïîð³âíÿíî ç åïîê-
ñèàì³ííèìè. Òåìïåðàòóðè ñêëóâàííÿ åïîêñèäíèõ êîì-
ïîçèö³é, çàòâåðäíåíèõ ÔÂÊ ç ìàñ.÷. 1 ³ 2, íå ³ñòîòíî
çðîñòàþòü ç ï³äâèùåííÿì âì³ñòó ÎÊ â³ä 5 äî 15 ìàñ.÷.,
àëå çíà÷íî ñïàäàþòü ç ï³äâèùåííÿì âì³ñòó âîäíîãî ðîç-
÷èíó ÔÂÊ. Îòðèìàí³ ðåçóëüòàòè òåïëîô³çè÷íèõ âèì³-
ðþâàíü ï³äòâåðäæóþòü ó÷àñòü ìîëåêóë âîäè â ðåàêö³ÿõ
îáðèâó ìàêðîëàíöþã³â.
Äîñë³äæåííÿ òåðì³÷íèõ õàðàêòåðèñòèê åïîêñèäíèõ
ïîë³ìåð³â.

Ðåçóëüòàòè òåðìîãðàâ³ìåòðè÷íèõ äîñë³äæåíü ïîêà-
çàëè, ùî êðèâ³ âòðàòè ìàñè ïðè íàãð³âàíí³ ÅÀÔÊ ³ ÅÀÊ,
ÿê³ õàðàêòåðèçóþòü ïðîöåñ ðîçêëàäàííÿ, ìàþòü îäíà-
êîâèé õàðàêòåð (ðèñ. 3). ßê âèäíî ³ç ðèñ. 3, ÅÀÊ, íàïîâ-
íåí³ 5 ³ 15 ìàñ. ÷. ÎÊ, ðîçêëàäàþòüñÿ çà íèæ÷î¿ òåìïå-
ðàòóðè ïîð³âíÿíî ç ÅÔÂÊ, íàïîâíåíèìè òàêîþ æ
ê³ëüê³ñòþ ÎÊ. Â òàáë. 3   íàâåäåí³ çíà÷åííÿ òåìïåðàòóð
ïî÷àòêó, ê³íöÿ ³ ìàêñèìàëüíî¿ øâèäêîñò³ ðîçêëàäàííÿ
òà â³äñîòêè ìàñîâèõ âòðàò çà òåìïåðàòóðè ìàêñèìàëü-
íîãî ðîçêëàäàííÿ ÅÔÂÊ ³ ÅÀÊ. Òåìïåðàòóðè ìàêñè-
ìàëüíî¿ øâèäêîñò³ ðîçêëàäàííÿ ÿê ÅÔÂÊ, òàê ³ ÅÀÊ, íà-
ïîâíåíèõ ÎÊ, âèù³ ïîð³âíÿíî ç òåìïåðàòóðàìè ðîçê-
ëàäàííÿ íåíàïîâíåíèõ ÅÔÂÊ ³ ÅÀÊ, îäíàê ð³çíèöÿ
òåìïåðàòóð ÅÔÂÊ, íàïîâíåíèõ ³ íåíàïîâíåíèõ ÎÊ,
âèùà ïîð³âíÿíî ç àíàëîã³÷íèìè íàïîâíåíèìè ³ íåíà-
ïîâíåíèìè ÅÀÊ (òàáë. 3). Ï³äâèùåííÿ òåðìîñò³éêîñò³
ÅÀÔÊ, íàïîâíåíèõ ÎÊ, ïîð³âíÿíî ç íåíàïîâíåíèìè

ìîæíà ïîÿñíèòè óòâîðåííÿì äîäàòêîâî¿ ñ³òêè ô³çèêî-
õ³ì³÷íèõ çâ’ÿçê³â ó ãðàíè÷íèõ øàðàõ ïîë³ìåðó çà ðàõó-
íîê ã³äðîêñèëüíèõ ãðóï ÔÂÊ ³ ìàêðîëàíöþã³â òà ïî-
âåðõíåâèõ ã³äðîêñèëüíèõ ãðóï íàïîâíþâà÷à.

Íàéâèù³ òåìïåðàòóðè ðîçêëàäàííÿ ìàþòü ÅÔÂÊ,
íàïîâíåí³ 10 ìàñ.÷. ÎÊ (òàáë. 3). Ìàêñèìàëüíà
øâèäê³ñòü ðîçêëàäàííÿ åïîêñèäíîãî êîìïîçèòó, çà-
òâåðäíåíîãî 1 ìàñ.÷. ÔÂÊ ³ íàïîâíåíîãî 10 ìàñ.÷. ÎÊ,
â³äáóâàºòüñÿ çà òåìïåðàòóðè 408 °Ñ. Òåìïåðàòóðà ìàê-
ñèìàëüíî¿ øâèäêîñò³ âòðàòè ìàñè ö³º¿ åïîêñèäíî¿ êîì-
ïîçèö³¿, ùî â³äïîâ³äàº îñíîâí³é ñòàä³¿ òåðìîîêèñíþ-
âàëüíî¿ äåñòðóêö³¿ åô³ðíèõ ãðóï ìàêðîëàíöþã³â ³ ðóé-
íóâàííþ âóãëåöåâîãî ñêåëåòà äëÿ åïîêñèäíèõ êîìïî-
çèö³é, ï³äâèùóºòüñÿ íà 63 °Ñ ïîð³âíÿíî ç íåíàïîâíåíîþ.
Òåìïåðàòóðà ïî÷àòêó ðîçêëàäó êîìïîçèö³¿ íà 100 °Ñ
âèùà ïîð³âíÿíî ç òåìïåðàòóðîþ ïî÷àòêó ðîçêëàäó íå-
íàïîâíåíî¿ êîìïîçèö³¿ ³ íà 160 °Ñ âèùà ïîð³âíÿíî ç åïîê-
ñèàì³ííîþ êîìïîçèö³ºþ (òàáë. 3). Ïðè öüîìó, ÿê ³ î÷³-
êóâàëîñü, íàïîâíåí³ ÅÔÂÊ ó ïðîöåñ³ òåðìîîêèñíþ-
âàëüíî¿ äåñòðóêö³¿ çãîðàþòü ç âåëèêèì êîêñîâèì çàëèø-
êîì, ùî ìîæíà ïîÿñíèòè íàÿâí³ñòþ íåîðãàí³÷íî¿
ñêëàäîâî¿. Çìåíøåííÿ âòðàòè ìàñè ç³ çá³ëüøåííÿì
âì³ñòó ÎÊ â êîìïîçèö³¿ ñóïðîâîäæóºòüñÿ çá³ëüøåííÿì
êîêñîâîãî çàëèøêó (òàáë. 3).

Òåìïåðàòóðà ïî÷àòêó ðîçêëàäàííÿ ÅÔÂÊ ç îäíàêî-
âîþ ê³ëüê³ñòþ ÎÊ (10 ìàñ.÷.) çíèæóºòüñÿ â³ä 371 °Ñ
(çðàçîê ÅÔÂÊ 99/1/1/) äî 340 °Ñ (çðàçîê 98/2/2) ³ 286 °Ñ
(çðàçîê 97/3/3) ç³ çá³ëüøåííÿì â³ä 1 äî 3 ìàñ.÷. âîäíîãî
ðîç÷èíó ÔÂÊ (òàáë. 3). Â òàê³é æå ïîñë³äîâíîñò³ çíèæó-
þòüñÿ òåìïåðàòóðè ìàêñèìàëüíîãî ðîçêëàäó öèõ êîì-
ïîçèö³é (ðèñ. 4). Òàêå çíèæåííÿ òåìïåðàòóð ðîçêëà-
äàííÿ, î÷åâèäíî, º ðåçóëüòàòîì çá³ëüøåííÿ ê³ëüêîñò³
ðåêö³é îáðèâó ìàêðîëàíöþã³â ï³ä âïëèâîì âîäè òà
óòâîðåííÿ ïîë³ìåð³â ç ìåíøîþ ãóñòèíîþ ïîë³ìåðíî¿
ñ³òêè.
Âèñíîâêè.

Ñèíòåçîâàíî íîâ³ åïîêñèäí³ ïîë³ìåðè íà îñíîâ³
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Ðèñ. 3. Çàëåæí³ñòü âòðàòè ìàñè â³ä òåìïåðàòóðè

åïîêñèäíèõ êîìïîçèö³é ñêëàäó: ÅÄ/ÏÅÏÀ/ÎÊ=
90/10/5 (1); 90/10/15 (2); ÅÄ/ÔÂÊ/Â/ÎÊ=99/1/1/5 (3);
98/2/2/5 (4) ³ 99/1/1/15 ìàñ.÷. (5)
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Ðèñ. 4. Çàëåæí³ñòü âòðàòè ìàñè â³ä òåìïåðàòóðè

åïîêñèäíèõ êîìïîçèö³é ñêëàäó: ÅÄ/ÔÂÊ/Â/ÎÊ=99/1/1/
10 (1); 98/2/2/10 (2) ³ 97/3/3/10 ìàñ.÷. (3)

3 2 1
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Ñèíòåç ³ âëàñòèâîñò³ ïîë³ìåð³â, îòðèìàíèõ íà îñíîâ³ åïîêñèäíî¿ ñìîëè òà âîäíîãî ðîç÷èíó...

åïîêñèä³àíîâî¿ ñìîëè ÅÄ-20 ³ âîäíîãî ðîç÷èíó ÔÂÊ çà
íàÿâíîñò³ ÎÊ. Âñòàíîâëåíî, ùî ï³ä ä³ºþ ÔÂÊ ÿê êàòàë³-
çàòîðà â³äáóâàºòüñÿ ïîë³ìåðèçàö³ÿ åïîêñèäíèõ îë³ãî-
ìåð³â çà ìåõàí³çìîì êàò³îííî¿ ïîë³ìåðèçàö³¿ ç óòâîðåí-
íÿì ïðîñòîðîâî çøèòèõ ïîë³ìåð³â, âëàñòèâîñò³ ÿêèõ çà-
ëåæàòü â³ä âì³ñòó âîäíîãî ðîç÷èíó ÔÂÊ ³ ÎÊ. Ââåäåííÿ
â ñèñòåìó âîäè, ÿê ðîç÷èííèêà ÔÂÊ, âèêëèêàº îáðèâ
çðîñòàþ÷èõ ïîë³ìåðíèõ ëàíöþã³â.

Ïîë³ìåðè, íàïîâíåí³ äèñïåðñíèì îêñèäîì êðåì-
í³þ, óòâîðþþòü äîäàòêîâó ñ³òêó ô³çèêî-õ³ì³÷íèõ çâ’ÿçê³â
ó ãðàíè÷íîìó øàð³ ïîë³ìåð – íàïîâíþâà÷, ìàþòü âèù³
ðóéí³âíó íàïðóãó ïðè ðîçòÿç³, òåðìîñò³éê³ñòü ³ íèæ÷å
âîäîïîãëèíàííÿ ïîð³âíÿíî ç â³äïîâ³äíèìè íàïîâíåíè-
ìè îêñèäîì êðåìí³þ ïîë³åïîêñèäàìè, çàòâåðäíåíèìè
ïîë³åòèëåíïîë³àì³íîì.
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Ñèíòåç è ñâîéñòâà ïîëèìåðîâ, ïîëó÷åííûõ íà îñíîâå ýïîêñèäíîé ñìîëû
è âîäíîãî ðàñòâîðà ôîñôîðâîëüôðàìîâîé ãåòåðîïîëèêèñëîòû ïðè
íàëè÷èè îêñèäà êðåìíèÿ
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Ñèíòåçèðîâàíî íîâûå ýïîêñèäíûå ïîëèìåðû íà îñíîâå ýïîêñèäèàíîâîé ñìîëû ÝÄ-20 è âîäíîãî
ðàñòâîðà ôîñôîðâîëüôðàìîâîé ãåòåðîïîëèêèñëîòû ïðè íàëè÷èè îêñèäà êðåìíèÿ(ÎÊ).
Óñòàíîâëåíî, ÷òî ÔÂÊ ÿâëÿåòñÿ àêòèâíûì êàòàëèçàòîðîì ïîëèìåðèçàöèè ýïîêñèäíûõ
îëèãîìåðîâ ñ îáðàçîâàíèåì ñøèòûõ ïîëèìåðîâ, ñâîéñòâà êîòîðûõ çàâèñÿò îò ñîäåðæàíèÿ
âîäíîãî ðàñòâîðà ÔÂÊ è ÎÊ. Åïîêñèäíûå ïîëèìåðû, ñèíòåçèðîâàííûå ïðè íàëè÷èè ÔÂÊ È ÎÊ,
èìåþò áîëåå âûñîêèå ðàçðóøàþùèå íàïðÿæåíèÿ ïðè ðàñòÿæåíèè, òåìïåðàòóðû ñòåêëîâàíèÿ,
òåðìîñòîéêîñòü è íèçêîå âîäîïîãëîùåíèå ïî ñðàâíåíèþ ñ ñîîòâåòñòâóþùèìè íàïîëíåííûìè
ïîëèýïîêñèäàìè, îòâåðæäåííûìè ïîëèýòèëåíïîëèàìèíîì.

Êëþ÷åâûå ñëîâà: ýïîêñèäíûé ïîëèìåð, ãåòåðîïîëèêèñëîòà, ôèçèêî-ìåõàíè÷åñêèå, òåïëîôèçè÷åñêèå,
ñîðáöèîííûå, òåðìè÷åñêèå ñâîéñòâà.

Synthesis and properties of the polimers based on epoxy resin and water
solutions of the phosphotungstic heteropolyacid if there is silicium oxide

M.I. Shandruk, O.V. Zinchenko, V.D. Davidenko, A.P. Syrovets

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

The epoxy polymers based on the epoxy resin ED-20 and water solutions of the phosphotungstic
heteropolyacid if there is silicium oxide have been synthesized. It was determined that the
phosphotungstic heteropolyacid is an active catalyst of polymerisation of epoxy oligomers which
produce of polymers of spatial construction. Their characteristics depend on contents of water solutions
of the phosphotungstic heteropolyacid and silicium oxide. It has higher failer stress of tension, thermal
characteristics, heart resistence and low water absorption in comparison with relevant filled
polyepoxies hardened by polyethylenepolyamine.

Key words: epoxy polymer, heteropolyacid, physicomechanical properties, thermal charecteristic, sorptive properties.


