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Â ñòàòòi íàâåäåíi I×-ñïåêòðè îðãàíîïëàñòèêiâ íà îñíîâi ïîëiòðèôòîðõëîðå-
òèëåíó àðìîâàíîãî ïîëiñóëüôîíàìiäíèì âîëîêíîì ìàðêè Òàíëîí Ò700 çà-
ëåæíî âiä ñòóïåíÿ íàïîâíåííÿ. Âèçíà÷åíî âçà¹ìîäiþ ìiæ ôòîðïîëiìåðíîþ
ìàòðèöåþ òà îðãàíi÷íèì âîëîêíîì, ùî ïðîÿâëÿ¹òüñÿ ÿê ó ïåðåðîçïîäiëi π−ē
òà Í-çâ'ÿçêiâ, òàê i â óòâîðåííi ìiæêîìïîíåíòíèõ iîííèõ òà êîâàëåíòíèõ
çâ'ÿçêiâ ("çøèâîê") ìiæ êiíöåâèìè ãðóïàìè ìàòðèöi òà âîëîêíà, à òàêîæ
ìîäèôiêîâàíèõ ãðóï ìàòðèöi çà ðàõóíîê çàìiùåííÿ Cl�àòîìà íà �OH� ãðóïó
òà ¨¨ îêèñíåííÿ äî îêñîãðóïè. Íàéáiëüø ñèëüíà ìiæêîìïîíåíòíà âçà¹ìîäiÿ
ïðîñòåæó¹òüñÿ äëÿ êîìïîçèòó ïðè âìiñòi íàïîâíþâà÷à 20 ìàñ.

Êëþ÷îâi ñëîâà: I×-ñïåêòðàëüíèé àíàëiç, îðãàíîïëàñòèê, ïîëiòðèôòîð-
õëîðåòèëåí, âîëîêíî, Òàíëîí Ò700

1 Âñòóï

Ðîçðîáêà, äîñëiäæåííÿ òà âïðîâàäæåííÿ íîâèõ ïîëiìåðíèõ êîìïîçèöiéíèõ ìà-
òåðiàëiâ íà îñíîâi òåðìîïëàñòè÷íèõ â'ÿæó÷èõ ¹ íåâiä'¹ìíîþ ÷àñòèíîþ íàóêîâî-
òåõíi÷íîãî ïðîãðåñó, ÿêèé îõîïëþ¹ âñi ðîçâèíåíi êðà¨íè. Çàìiíà ñåðiéíèõ äåòàëåé,
âèãîòîâëåíèõ ç ðiçíèõ êîëüîðîâèõ ìåòàëiâ (ñòàëü, ìiäü, ÷àâóí òà ií.) íà êîìïîçèòíi
äàëà çìîãó ïîêðàùèòè åêñïëóàòàöiéíi õàðàêòåðèñòèêè òðèáîñèñòåì ïðîìèñëîâîãî
îáëàäíàííÿ, ïiäâèùèòè ¨õ òåðìií åêñïëóàòàöi¨ òà ñòâîðèëà ìîæëèâiñòü ðîáîòè áåç
ìàñòèëüíîãî ñåðåäîâèùà (âiäìîâà âiä ÿêîãî ñïðèÿ¹ ïîêðàùåííþ åêîëîãi÷íî¨ áåçïå-
êè) [1].

Ôòîðïîëiìåð � îäèí ç ðîçïîâñþäæåíèõ òåðìîïëàñòè÷íèõ ïîëiìåðiâ, ùî âèêîðè-
ñòîâóþòüñÿ äëÿ ñòâîðåííÿ êîìïîçèòiâ òðèáîòåõíi÷íîãî ïðèçíà÷åííÿ, çàâäÿêè éîãî
óíiêàëüíèì âëàñòèâîñòÿì (âèñîêié òåðìîñòàáiëüíîñòi, iíåðòíîñòi äî áiëüøîñòi àãðå-
ñèâíèõ õiìi÷íèõ ñåðåäîâèù, êîðîçi¨ òà ìàñòèë, âiäìiííèìè àíòèôðèêöiéíèìè õàðà-
êòåðèñòèêàìè (íèçüêèé êîåôiöi¹íò òåðòÿ òà ïðèðîäíà çìàùóâàëüíà çäàòíiñòü), ÿêi
çáåðiãàþòüñÿ â øèðîêîìó iíòåðâàëi òåìïåðàòóð), çäàòíi âèòðèìàòè äàíi óìîâè [2].
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Òàáë. 1: Âèõiäíi äàíi äëÿ ïëàíóâàííÿ åêñïåðèìåíòó

Ïîêàçíèê Çíà÷åííÿ
Ãóñòèíà, ã/ñì3 2,1-2,16
Òåìïåðàòóðà ðîçì'ÿêøåííÿ çà Âiêà, Ê 403
Âîäîñòiéêiñòü (ïðèðiñò ó âîäi), % 0,00-0,01
Ñòóïiíü êðèñòàëi÷íîñòi ïðè êiìíàòíié òåìïåðàòóði, % 40-70

Àëå, íåâèñîêi ïîêàçíèêè ôiçèêî-ìåõàíi÷íèõ âëàñòèâîñòåé òà íèçüêà çíîñîñòiéêiñòü
ñòðèìóþòü éîãî øèðîêå âïðîâàäæåííÿ. Äëÿ ïîêðàùåííÿ äàíèõ âëàñòèâîñòåé âè-
êîðèñòîâóþòü ðiçíi ìîäèôiêàòîðè, â òîìó ÷èñëi îðãàíi÷íi âîëîêíà, ââåäåííÿ ÿêèõ
ïîñëàáëþ¹ ìiæìîëåêóëÿðíi çâ'ÿçêè â ïîëiìåðíié ìàòðèöi òà ñïðèÿ¹ ôîðìóâàííþ
îïòèìàëüíî¨ ñòðóêòóðè ìàòåðiàëó [3].

Ôiçèêî-õiìi÷íi òà ìåõàíi÷íi âëàñòèâîñòi âèðîáiâ ç ïîëiìåðíèõ êîìïîçèöiéíèõ ìà-
òåðiàëiâ çàëåæàòü âiä ìiæìîëåêóëÿðíî¨ âçà¹ìîäi¨ ìiæ ìàòðèöåþ òà íàïîâíþâà÷åì.
Ç îãëÿäó íà öå äîñëiäæåííÿ õiìi÷íî¨ òà ôiçè÷íî¨ âçà¹ìîäi¨ ìiæ êîìïîíåíòàìè çà
äîïîìîãîþ I×-ñïåêòðàëüíîãî àíàëiçó ñòàëî òðàäèöiéíèì i óâiéøëî â îñíîâíi ìåòîäè
äîñëiäæåííÿ [4].

Òîìó ìåòîþ ðîáîòè áóëî äîñëiäæåííÿ õiìi÷íî¨ òà ôiçè÷íî¨ âçà¹ìîäi¨ ôòîðïîëi-
ìåðíî¨ ìàòðèöi òà îðãàíi÷íîãî âîëîêíà.

2 Îá'¹êòè òà ìåòîäè äîñëiäæåíü

ßê ïîëiìåðíó ìàòðèöþ âèêîðèñòîâóâàëè ïîëiòðèôòîðõëîðåòèëåí (ÏÒÔÕÅ, ôòî-
ðîïëàñò Ô3) [-CF2-CFCl-] (ðèñ. 1, òàáë.1) � òâåðäèé ïîðîøêîïîäiáíèé ïðîäóêò áiëîãî
êîëüîðó, ùî õàðàêòåðèçó¹òüñÿ âèñîêîþ ìiöíiñòþ íà ñòèñíåííÿ, õiìi÷íîþ ñòiéêiñòþ
(ÿêà íàáëèæà¹ éîãî äî ïîëiòåòðàôòîðåòèëåíó) i ïëàñòè÷íiñòþ, ëåãêî ïiääà¹òüñÿ ìå-
õàíi÷íié îáðîáöi, ùî äà¹ çìîãó íàäàòè âèðîáó ç íüîãî òî÷íèõ ðîçìiðiâ. Ïðè öüîìó
âèðîáè íà îñíîâi ÏÒÔÕÅ ìîæóòü åêñïëóàòóâàòèñÿ ïðè òåìïåðàòóðàõ âiä 78 äî 463 Ê,
çàëåæíî âiä ðåæèìó ôîðìóâàííÿ âèðîáiâ [5].

Ðèñ. 1: Õiìi÷íà ôîðìóëà ïîëiòðèôòîðõëîðåòèëåíó, äå n � ñòóïiíü ïîëiìåðèçàöi¨

ßê íàïîâíþâà÷ îáðàëè îðãàíi÷íå ïîëiñóëüôîíàìiäíå âîëîêíî ìàðêè Òàíëîí Ò700
(âèðîáíèöòâî Øàíõàé), îñíîâíi âëàñòèâîñòi ÿêîãî íàâåäåíi â òàáë. 2, òàêî¨ áóäîâè
(ðèñ. 2):

Ïðèãîòóâàííÿ êîìïîçèöié íà îñíîâi ÏÒÔÕÅ, ùî ìiñòÿòü 5-20 ìàñ.% äèñêðåòíîãî
âîëîêíà ïîëiñóëüôîíàìiä ìàðêè Òaíëîí Ò700, çäiéñíþâàëîñÿ ìåòîäîì ñóõîãî çìiøó-
âàííÿ â àïàðàòi ç îáåðòàëüíèì åëåêòðîìàãíiòíèì ïîëåì (0,12-0,15 Òë) çà äîïîìîãîþ
ôåðîìàãíiòíèõ ÷àñòîê, âèëó÷åíèõ çãîäîì ìåòîäîì ìàãíiòíî¨ ñåïàðàöi¨.
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Ðèñ. 2: Õiìi÷íà ôîðìóëà ïîëiòðèôòîðõëîðåòèëåíó äå: À � çàëèøîê 3,3'-
äiàìiíîäèôåíiëñóëüôîíó (3,3' ÄÀÄÔÑ); Ñ � çàëèøîê 4,4'-äiàìiíîäèôåíiëñóëüôîíó
(4,4' ÄÀÄÔÑ); Â � çàëèøîê 1,4-äèôòàëåâî¨ (òåðåôòàëåâî¨) êèñëîòè, 0,25 òà 0,75 � ìîëüíi
÷àñòêè

Òàáë. 2: Îñíîâíi õàðàêòåðèñòèêè âîëîêíà [7]

Ïîêàçíèê Çíà÷åííÿ
Äîâæèíà, ìì 3
Ãóñòèíà, ã/ñì3 1,42
Ìiöíiñòü, ÌÏà 650
Ïîäîâæåííÿ, % 20-25
Ìîäóëü ïðóæíîñòi, ÌÏà 7450

Çðàçêè äëÿ âèïðîáóâàíü âèãîòîâëÿëè ó âèãëÿäi öèëiíäðiâ äiàìåòðîì 10 i âèñî-
òîþ 10 ìì. Ãîòîâó ñóìiø òàáëåòóâàëè ïðè êiìíàòíié òåìïåðàòóði i íàâàíòàæåííi
40 ÌÏà. Îòðèìàíi ïðåïðåãè çàâàíòàæóâàëè äî ïðåñ-ôîðìè, íàãðiòî¨ äî 423 Ê, ïiñëÿ
÷îãî òåìïåðàòóðó â ïðåñ-ôîðìi ïiäâèùóâàëè äî 510-515 Ê i âèòðèìóâàëè ïðè öié
òåìïåðàòóði 10 õâ., äàëi äàâàëè íàâàíòàæåííÿ 40 ÌÏà. Äëÿ ôiêñàöi¨ ôîðìè âèðiá
îõîëîäæóâàëè ïiä òèñêîì äî òåìïåðàòóðè 490-495 Ê i âèøòîâõóâàëè ç ïðåñ-ôîðìè
ó âîäó äëÿ çàãàðòóâàííÿ [8].

Äëÿ çäiéñíåííÿ I×-ñïåêòðàëüíîãî àíàëiçó âèêîðèñòîâóâàëè Nicolet 380 (I×-
ñïåêòðîìåòð ôiðìè Thermo Electron Corporation, ÑØÀ). Âèêîðèñòàíèé Ôóð'¹-
ñïåêòðîìåòð öå ñòàöiîíàðíèé àâòîìàòèçîâàíèé íàñòiëüíèé ïðèëàä, ùî ñêëàäà¹òüñÿ
ç äâîïðîìåíåâîãî iíòåðôåðîìåòðà, äæåðåëà i ïðèéìà÷à âèïðîìiíþâàííÿ, îïòè÷íî¨
ñèñòåìè i áëîêó åëåêòðîíiêè. Ïðèíöèï äi¨ ïðèëàäó ãðóíòó¹òüñÿ íà òîìó, ùî ïðè
ðóñi îäíîãî ç äçåðêàë iíòåðôåðîìåòðà âiäáóâà¹òüñÿ çìiíà ðiçíèöi õîäó ìiæ iíòåðôå-
ðåíöiéíèìè ïðîìåíÿìè. Çàðå¹ñòðîâàíèé ñâiòëîâèé ïîòiê íà âèõîäi iíòåðôåðîìåòðà
¹ Ôóð'¹-îáðàçîì çàðå¹ñòðîâàíîãî îïòè÷íîãî ñïåêòðà.

Ó ñïåêòðîìåòð âñòàíîâëþâàëè ñïðåñîâàíèé ïîðîøîê, ÿêèé âêëþ÷à¹ 1 ìã äîñëi-
äæóâàíî¨ ðå÷îâèíè i 150 ìã KBr ó âèãëÿäi ïëiâêè.

3 Ðåçóëüòàòè äîñëiäæåíü

Äëÿ ðîçøèôðóâàííÿ I×-ñïåêòðà òà âiäíåñåííÿ ñìóã êîëèâàíü îáèðàëè 5 õàðà-
êòåðèñòè÷íèõ ñìóã â I×-ñïåêòði âîëîêíà Òàíëîí (ðèñ. 3). Îñêiëüêè ðîçãëÿäàëè êîì-
ïîçèò, òî, âðàõîâóâàëè, ùî ïîëiìåðíà ñìóãà (îáëàñòü 3400-3200 ñì−1 � ñèëüíà (ñ.)
é øèðîêà (øèð.)) [10] ìîæå ïåðåêðèâàòè ñëàáêi é âóçüêi ïiêè. Çà íåþ ìîæóòü áóòè
ìiæìîëåêóëÿðíi (3600-3500 ñì1) òà âíóòðiøíüîìîëåêóëÿðíi (3600-3500 ñì−1 � ãîñòðà
âóçüêà ñìóãà ñåðåäíüî¨ iíòåíñèâíîñòi) âîäíåâi çâ'ÿçêè, âiä êîëèâàííÿ õåëàòiâ (3200-
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2500 ñì−1 � øèðîêà äèôóçíà ñìóãà, äîñèòü ñëàáêà) � õàðàêòåðíèõ äëÿ åíîëüíèõ
ñèñòåì

òà π-åëåêòðîííîãî ñóïðÿæåííÿ â îëåôiíîâèõ òà àðîìàòè÷íèõ öèêëàõ (3600-3500
ñì−1). Êðiì òîãî, ìîæóòü ïðîÿâëÿòèñÿ ñëàáêi êîëèâàííÿ ν(Î−Í) òà Í-çâ'ÿçêè àä-
ñîðáîâàíî¨ âîäè (äî 3710 ñì−1) [8].

Ðèñ. 3: I×-ñïåêòð ïîëiñóëüôîíàìiäíîãî âîëîêíà Òàíëîí Ò700

Âðàõîâóþ÷è, ùî ïîëiñóëüôîíàìiäíå âîëîêíî íàëåæèòü äî ïîëiàìiäó, ìè ðîçãëÿ-
äàëè òàê çâàíi Àìiäíi ñìóãè:

- Àìiä I (ñ.) (ν(C=O) =1650 ñì−1 � àñîöiéîâàíà àáî 1690 ñì−1 � âiëüíà ôîðìà);

- Àìiä II (ñ.) (δ(N=H) =1640 ñì−1 � àñîöiéîâàíà àáî 1600 ñì−1 � âiëüíà ôîðìà);

- Àìiä III (ñåð., ñë.) (ν(C−N) =1420 ñì−1 � àñîöiéîâàíà ôîðìà òà (ν(C=N) =1300-
1250 ñì−1),

äå ν � âàëåíòíi êîëèâàííÿ, δ � äåôîðìàöiéíi êîëèâàííÿ (ñ. � ñèëüíà, ñåð. � ñåðåäíÿ,
ñë. � ñëàáêà, ä. � äóæå, i � iíòåíñèâíiñòü).

Îñêiëüêè âîëîêíî ìiñòèòü ñóëüôîí, òî íåîáõiäíî ðîçãëÿíóòè õàðàêòåðèñòè÷íi êî-
ëèâàííÿ ñóëüôîíîãðóïè � SO2 � ÿêi ìàþòü ÿê àñèìåòðè÷íi (as) òàê i ñèìåòðè÷íi (s)
âàëåíòíi êîëèâàííÿ: νas =1320-1300 ñì−1 òà νas =1360-1335 ñì−1 [10], νs =1160-1140
ñì−1 òà νs =1170-1160 ñì−1 [9]. Òàêi ðîçáiæíîñòi â íàóêîâèõ äæåðåëàõ âèíèêëè âíà-
ñëiäîê òîãî, ùî â íàøîìó çðàçêó âîëîêíà ¹ òàêi ñóëüôîíîãðóïè ÿê â ìåòàçàìiùåííi
àìiííî¨ ãðóïè, à òàêîæ i â ïàðàçàìiùåííi äî íå¨ â áåíçîëüíîìó êiëüöi. Àìiäíà (�
NHCO �) òà îñîáëèâî àìiíî- (NH2) ÷è êàðáîêñèëüíà (�COOH�) ãðóïè â ïàðà � (1,4)
ïîëîæåííi çäàòíi äî n,π � ñóïðÿæåííÿ ç π � åëåêòðîííîþ ñèñòåìîþ àðîìàòè÷íîãî
êiëüöÿ i âïëèâàþòü íà ñóëüôîãðóïè. Òàêîæ íåîáõiäíî çàçíà÷èòè, ùî íàÿâíiñòü êií-
öåâèõ NH2- òà êàðáîêñèëüíèõ � COOH � ãðóï, äóæå âàæëèâà äëÿ ìiæïîëiìåðíî¨
âçà'¹ìîäi¨ âîëîêíà òà ìàòðèöi.
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Âðàõîâóþ÷è çàçíà÷åíå, íåîáõiäíî âèçíà÷èòèñÿ iç çàìiùåííÿì ¨õ â áåíçîëüíîìó
êiëüöi òà ¨õ âçà¹ìîäi¹þ ç π − ē � ñèñòåìîþ ñóïðÿæåííÿ.

Òàê, íåîáõiäíî ðîçãëÿäàòè íàÿâíiñòü öèõ âàæëèâèõ ñìóã ÿê â I×-ñïåêòði ïîãëè-
íàííÿ âîëîêíà Òàíëîí Ò700 (ðèñ. 1, òàáë. 3), òàê i ¨õ ëîêàöiþ â I×-ñïåêòðàõ ÎÏ íà
îñíîâi ÏÒÔÕÅ, ùî ìiñòÿòü 5-20 ìàñ.% âîëîêíà (ðèñ. 4, òàáë. 3).

Ðèñ. 4: I×-ñïåêòðè ÏÒÔÕÅ (1) òà îðãàíîïëàñòèêiâ íà éîãî îñíîâi, ùî ìiñòÿòü: 5(2); 10(3);
15(4); 20(5) ìàñ.% âîëîêíà

Óçàãàëüíþþ÷è âiäíåñåííÿ êîëèâàíü â I×-ñïåêòði âîëîêíà (òàáë. 3) òà êîëèâàíü
â I×-ñïåêòðàõ ÎÏ íà îñíîâi ÏÒÔÕÅ ç âìiñòîì 5-20 ìàñ.% íàïîâíþâà÷à (ðèñ. 4),
êîíñòàòó¹ìî, ùî ìiæ ìàòðèöåþ òà âîëîêíîì ¹ âçà¹ìîäiÿ íà ðiâíi ÿê Í-çâ'ÿçêiâ òà
π � åëåêòðîííî¨ âçà¹ìîäi¨, òàê é iîííèõ òà êîâàëåíòíèõ çâ'ÿçêiâ. Íàéáiëüø âèðàæå-
íà öÿ âçà¹ìîäiÿ ñïîñòåðiãà¹òüñÿ äëÿ ÎÏ àðìîâàíîãî 20 ìàñ.% âîëîêíà. Âçà¹ìîäiÿ
âèçíà÷åíà ïîêè ùî ç áîêó âîëîêíà. Êîâàëåíòíi çâ'ÿçêè âèíèêàþòü íà ðiâíi � C =
N � åíiìiííèõ çâ'ÿçêiâ òà êiíöåâèõ ãðóï. Â çìiíi π − ē-ñóïðÿæåííÿ áåðóòü ó÷àñòü
ïàðà-çìiùåííÿ, òàêi ÿê NH � CO i SO2 � çâ'ÿçêè. Â óòâîðåííi iîííèõ çâ'ÿçêiâ áåðóòü
ó÷àñòü êiíöåâi R−NH⊕

3 òà −COO ãðóïè.

I×-ñïåêòð ïîëiìåðíî¨ ìàòðèöi (ðèñ. 4, êð. 1) òà âiäíåñåííÿ êîëèâàíü â I×-ñïåêòði
ÏÒÔÕÅ íàâåäåíi ó òàáë. 4.

Ïîðiâíþþ÷è I×-ñïåêòðè âèõiäíîãî ïîëiìåðà òà êîìïîçèòiâ íà éîãî îñíîâi, çàçíà-
÷èìî, ùî íàéáiëüøi âiäõèëåííÿ ñïåêòðiâ ñïîñòåðiãàþòüñÿ â îáëàñòÿõ:

- νmax =3414,6 ñì−1 ïîëiìåðíà îáëàñòü âîäíåâèõ çâ'ÿçêiâ, π − ē - ñóïðÿæåííÿ
îëåôiíiâ.

- äóáëåòó 2921,3 òà 2851,6, ñì−1 ùî âiäïîâiäà¹ ¹íîëüíèì ñïîëóêàì êàðáîíîâèõ
êèñëîò � Í çâ'ÿçîê çà ðàõóíîê ÎÍ-ãðóï;
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Òàáë. 3: Iäåíòèôiêàöiÿ ñìóã êîëèâàíü â I×-ñïåêòðàõ ïîãëèíàííÿ âîëîêíà (ðèñ. 3) òà îðãà-
íîïëàñòèêiâ íà îñíîâi ÏÒÔÕÅ ç âìiñòîì âîëîêíà 5-20 ìàñ.% (ðèñ. 4)
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Iíøi êîëèâàííÿ Êiíöåâi ãðóïè Çàìiùåííÿ
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- ν(CF2) =1384,5 ñì−1;

- ν(C−F ) =1125 ñì−1;

- ν(=CFCl) =490,8 ñì−1;

- ν(ïåðôòîðêåòîíè) =587,3 ñì−1;

- ν(=C−F ) =1125,8 ñì−1;

Öå ìîæå ñâiä÷èòè ïðî òå, ùî íå òiëüêè àêòèâíi ãðóïè Òàíëîíó Ò700 âïëèâàþòü íà
ìàòðèöþ, àëå é ìàòðèöÿ òàêîæ âçà¹ìîäi¹ ç âîëîêíîì çà ðàõóíîê êiíöåâèõ ïîäâiéíèõ
çâ'ÿçêiâ, óòâîðåííÿ íîâèõ Í-çâ'ÿçêiâ, ïåðåðîçïîäiëó π− ē ìiæ äâîìà êîìïîíåíòàìè,
à òàêîæ çà ðàõóíîê óòâîðåííÿ êîâàëåíòíèõ çâ'ÿçêiâ ìiæ ìîäèôiêîâàíèìè â ïðîöå-
ñi ïðîåêòóâàííÿ (åíîëüíèìè, ïåðôòîðêåòîííèìè, îêñî-, êàðáîêñèëüíèìè) ãðóïàìè.
Íàéñèëüíiøà ìiæêîìïîíåíòíà âçà¹ìîäiÿ ïðîÿâëÿ¹òüñÿ äëÿ ÎÏ, ùî ìiñòèòü 20 ìàñ.%
íàïîâíþâà÷à.

Òàáë. 4: Âiäíåñåííÿ ñìóã êîëèâàíü â I×-ñïåêòði ïîãëèíàííÿ ïðåñîâàíî¨ ìàòðèöi ÏÒÔÕÅ

Ñìóãè: âàëåíòíi (ν) òà äåôîðìàöiéíi (δ) êîëèâàííÿ, ñì−1
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âîëîêíà Òàíëîí Ò700 iñíó¹ âçà¹ìîäiÿ, ùî ïðîÿâëÿ¹òüñÿ ÿê ó ïåðåðîçïîäiëi Í-çâ'ÿçêiâ
òà π − ē, òàê i â óòâîðåííi ìiæêîìïîíåíòíèõ iîííèõ òà êîâàëåíòíèõ çâ'ÿçêiâ (�çøè-
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ãðóï ìàòðèöi çà ðàõóíîê çàìiùåííÿ Cl � àòîìó íà � OH � ãðóïó òà ¨¨ îêèñíåííÿ äî
îêñîãðóïè. Íàéáiëüø ñèëüíà ìiæêîìïîíåíòíà âçà¹ìîäiÿ ìiæ â'ÿæó÷èì òà âîëîêíîì
ñïîñòåðiãà¹òüñÿ äëÿ êîìïîçèòó ïðè âìiñòi íàïîâíþâà÷à 20 ìàñ.%.

Ñïèñîê âèêîðèñòàíî¨ ëiòåðàòóðè

1. Ãàáîâà Ì. Ïðèìåíåíèå êîìïîçèöèîííûõ ìàòåðèàëîâ ïðè äîáû÷å íåôòè è ãàçà / Ì. Ãàáîâà //
Âåñòíèê óíèâåðñèòåòà. � 2012. � Âûï. 10. � Ñ. 88�92.

2. XII Âñåðîññèéñêàÿ íàó÷íî-ïðàêòè÷åñêàÿ êîíôåðåíöèÿ ñòóäåíòîâ è ìîëîäûõ ó÷åíûõ ¾Õèìèÿ è
õèìè÷åñêàÿ òåõíîëîãèÿ â XXI âåêå¿ : òåçèñû äîêëàäîâ : 11-13 ìàÿ 2011 ã., Òîìñê / Íàöèîíàëü-
íûé èññëåäîâàòåëüñêèé Òîìñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò (ÒÏÓ), Èíñòèòóò ïðèðîäíûõ
ðåñóðñîâ (ÈÏÐ). � Òîìñê : ÒÏÓ, 2011. � Ò. 2. � Ñ. 132�134.

3. Çàõàðû÷åâ Ñ. Ñàìîñìàçûâàþùèåñÿ ïîäøèïíèêè ñêîëüæåíèÿ íà îñíîâå ýïîêñèäîôòîðîïëàñòîâ
/ Ñ. Çàõàðû÷åâ, Â. Èâàíîâ // Âåñòíèê ÒÎÃÓ. � 2016. � Ò. 43, � 4. � Ñ. 87�94.

4. Áåëÿåâà Å. Êîìïîçèöèîííûé ìàòåðèàë íà îñíîâå âîëîêíèñòûõ íàïîëíèòåëåé èç ñâåðõâûñîêîìî-
ëåêóëÿðíîãî ïîëèýòèëåíà / Å. Áåëÿåâà, À. Êîñîëàïîâ, Â. Îñèï÷èê, Ò. Øàöêàÿ, O. Êëàäîâùèêîâà
// Óñïåõè â õèìèè è õèìè÷åñêîé òåõíîëîãèè. � 2014. � Ò. 28, � 3. � Ñ. 8�10.

5. Zakharov Ç. Fluoropolymer �lms producing by extrusion metho / P. Zakharov, V. Mitichuk, P. Mitin,
B. Maximov // Journal "Fluorine Notes". � 2012. � Vol. 6. � P. 3�4.

6. Ìàòðåíèí Ñ. Â. Êîìïîçèöèîííûå ìàòåðèàëû è ïîêðûòèÿ íà ïîëèìåðíîé îñíîâå / Ñ. Â. Ìàòðå-
íèí, Á. Á. Îâå÷êèí. � Òîìñê : Òîìñêèé ïîëèòåõíì÷åñêèé óíèâåðñèòåò, 2008. � 197 ñ.

7. Fiber materials [Ýëåêòðîííûé ðåñóðñ]. � Ðåæèì äîñòóïà : http://en.tanlon.com.cn/Products/fms/.
8. VIII Ìiæíàðîäíà íàóêîâî-ïðàêòè÷íà êîíôåðåíöiÿ ¾Êîìïëåêñíå çàáåçïå÷åííÿ ÿêîñòi òåõíîëîãi-

÷íèõ ïðîöåñiâ òà ñèñòåì (ÊÇßÒÏÑ � 2018)¿ : òåçè äîïîâiäåé : 10-12 òðàâíÿ 2018 ð., ×åðíiãiâ /
×åðíiãiâñüêèé íàöiîíàëüíèé òåõíîëîãi÷íèé óíiâåðñèòåò. � ×åðíiãiâ : ×ÍÒÓ, 2018. � Ò. 1. � 244 ñ.

9. Ãîðäîí À. Ñïóòíèê õèìèêà. Ôèçèêî-õèìè÷åñêèå ñâîéñòâà, ìåòîäèêè, áèáëèîãðàôèÿ / À. Ãîðäîí,
Ð. Ôîðä. � Ì.: Ìèð, 1976. � 541 ñ.

10. Áóðÿ À. Èññëåäîâàíèå ñâîéñòâ îðãàíîïëàñòèêîâ ñîñòàâà: ôåíîëîôîðìàëüäåãèäíîå ñâÿçóþùåå �
ïîëèñóëüôîíàìèäíîå âîëîêíî / À. Áóðÿ, Ì. Ëè, Ñ. Âàí, Ñ. Ñó÷èëèíà-Ñîêîëåíêî, Í. Àðëàìîâà
// Êîìïîçèòíûå ìàòåðèàëû : ìåæäóíàð. íàó÷.-òåõí. ñá. / Óêðàèíñêàÿ òåõíîëîã. àêàä., Äíåïðî-
äçåðæ. ãîñ. òåõí. óí-ò; ðåä. À. È. Áóðÿ. � Ä.: Ôåäîð÷åíêî Î. Î., 2016. � Ò. 10, � 1. � 2016. � Ñ.
75�84.

References
1. M. Habova, Univercity vestnyk. 10, 88 (2012).
2. D. Pakhomov, in: XII All-Russian scienti�c and practical conference of students and young scientists

"Chemistry and chemical technology in the XXI century edited by the National Research Tomsk
Polytechnic University (National Research Tomsk Polytechnic University, Tomsk, 2011), pp. 132�
134.

3. S. Zakharychev, V. Ivanov, Vestnyk of Paci�c National University. 43 (4), 87 (2016).
4. E. Beliaeva, A. Kosolapov, V. Osipchik, T. SHatskaia, O. Kladovshchikova, Journal Adnvances in

Chemistry and Chemical Technology. 28 (3), 8 (2014).
5. P. Zakharov, V. Mitichuk, P. Mitin, B. Maximov, Journal "Fluorine Notes. 6, 3 (2012).
6. S. V. Matrenin and B. B. Ovechkin, Ñomposite materials and coatings based on polymer, (Òîìñêèé

ïîëèòåõíì÷åñêèé óíèâåðñèòåò, Òîìñê, 2008), 197 p.
7. Fiber materials, http://en.tanlon.com.cn/Products/fms/.
8. O. Buria, S. Kalinichenko and I. Nachovnyi, in: VIII International Scienti�c and Practical Conference

"Complex Quality Assurance of Technological Processes and Systems (CCNPS - 2018) edited by
Chernihiv National University of Technology (Chernihiv National University of Technology, Cherni-
hiv, 2018), pp. 189�190.

9. A. Gordon and R. Ford, Companion of chemist. Physico-chemical properties, methods, bibliography,
(Myr, Moscow, 1976), 541 p.

10. Buria A. Investigation of the properties of organoplastics composition: phenol-formaldehyde binder -
polysulfonamide �ber / A. Buria, M. Li, S. Van, S. Suchilina-Sokolenko, N. Arlamova // Composite
materials: international. scienti�c and technical comm. / Ukrainian technologist. Acad., Dniprovsk
State Technical University; ed. A. Buria. � D.: Fedorchenko O. O., 2016 .� T. 10, No. 1. � 2016. �
P. 75�84.



I×-ñïåêòðàëüíèé àíàëiç îðãàíîïëàñòèêiâ íà îñíîâi ïîëiòðèôòîðõëîðåòèëåíó

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2018. Âèï. 55 49
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Physico-chemical and mechanical properties of polymer composite materials
depend on intermolecular interaction between matrix and �ller. In this regard,
IR-spectra of polymer composite materials based on polychlorotri�uoroethylene
reinforced with Talon T700 polysulfonamide organic �ber are given in the article.
It is determined that there is an interaction between polymeric�uorine matrix
and organic �bers. Compering IR-spectra of initial polymer and composites
on its base, it can be indicated that the greatest deviations of the spectra
are observed in such areas as: νmax =3414,6 cm−1 is polymer area of carbon
bonds, π − ē is the conjugation of ole�n; doublet 2921,3 and 2851,6 cm−1 that
corresponds to enol composites of carboxylic acids, Í is the bond due to ÎÍ-
groups; ν(CF2) =1384,5 cm−1; ν(C−F ) =1125 cm−1; ν(=CFCl) =490,8 cm−1;
ν(perfluoroketones) =587,3 cm−1; ν(=C−F ) =1125,8 cm−1. This may indicate that
not only active groups of Tanlon T700 have an impact on the matrix, but also the
matrix itself interacts with the �ber due to ultimate double bonds, the emergence
of new H-bonds of redistribution of π − ē between two components, and also
due to the emergence of covalent bonds between the groups modi�ed in the
design processes (enol, per�oroketone oxo- and carboxyl). The strongest inter-
component interaction manifests itself for organoplastic containing 20 mass.%
of the �ller.

Key words: IR-spectral analysis, organoplastic, polychlorotri�uoroethylene,
�ber, Tanlon Ò700
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