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Âèêîíàíî îáðîáêó ïàïåðó ïîë³óðåòàíñå÷îâèíîþ, ñèíòåçîâàíîþ in situ øëÿõîì ïî÷åðãîâîãî
çàíóðþâàííÿ ïàïåðó â ðîç÷èíè ìàêðîä³³çîöèàíàòó íà îñíîâ³ ã³äðîêñèëâì³ñíîãî îë³ãîä³ºíó òà
ïîë³àì³í³â. Òàêà ìîäèô³êàö³ÿ º åôåêòèâíèì çàñîáîì ï³äâèùåííÿ ì³öí³ñíèõ âëàñòèâîñòåé ïàïåðó,
çîêðåìà çá³ëüøåííÿ îïîðó ïðîäàâëþâàííþ, ³ ìîæå ìàòè ïðàêòè÷íèé ³íòåðåñ.
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ïîêàçíèêè ïàïåðó.

Âñòóï.
Öåëþëîçó ìîæíà áåç ïåðåá³ëüøåííÿ íàçâàòè ìàòå-

ð³àëîì ìàéáóòíüîãî çàâäÿêè íåîáìåæåí³é ñèðîâèíí³é
áàç³ ö³º¿ â³äíîâëþâàíî¿ ñèðîâèíè, ¿¿ åêîëîã³÷í³é áåçïåö³
òà øèðîêèì ìîæëèâîñòÿì ¿¿ ìîäèô³êàö³¿ ç îäåðæàí-
íÿì ìàòåð³àë³â áóäü-ÿêîãî ïðèçíà÷åííÿ [1]. Âàæëèâî ³
òå, ùî ïðîìèñëîâà áàçà âèðîáíèöòâà öåëþëîçè äîáðå
ðîçâèíóòà ³ äàº âåëèêå ð³çíîìà¿òòÿ ïðîäóêò³â. Âèêîðèñ-
òàííÿ öüîãî àñîðòèìåíòó äëÿ ïåðåðîáêè ìåòîäàìè ñó-
÷àñíî¿ òåõíîëîã³¿ äóæå ïåðñïåêòèâíå, ³ íåìà ñóìí³âó,
ùî öÿ ãàëóçü áóäå ðîçâèâàòèñÿ äåäàë³ øâèäøèìè òåì-
ïàìè. Âàæëèâî, ùîá ìîäèô³êàö³ÿ öåëþëîçè âèêîíóâà-
ëàñü íå ëèøå òðàäèö³éíèìè ìåòîäàìè, àëå âêëþ÷àëà
íîâ³ ïðîãðåñèâí³ ï³äõîäè. Ïîºäíàííÿ âëàñòèâîñòåé öå-
ëþëîçè ³ ïîë³óðåòàí³â âèäàºòüñÿ òàêèì ï³äõîäîì, çâà-
æàþ÷è íà ö³íí³ âëàñòèâîñò³ ïîë³óðåòàíîâèõ ìàòåð³àë³â
³ âåëèêó ñèðîâèííó áàçó öåëþëîçè [2–5]. Äðóãèì ïðè-
êëàäîì ìîæå ñëóæèòè âèêîðèñòàííÿ åëàñòîìåð³â äëÿ
ìîäèô³êàö³¿ öåëþëîçè. Òóò îñîáëèâî ïåðñïåêòèâí³ ð³äê³
ôóíêö³îíàë³çîâàí³ êàó÷óêè [6], ÿê³ äàþòü çìîãó ïðîâî-
äèòè ïðîöåñ ìîäèô³êàö³¿ â çðó÷íèõ óìîâàõ. Òðåò³é íà-
ïðÿì – åêîíîì³÷íî åôåêòèâíà ïåðåðîáêà âåëè÷åçíèõ
â³äõîä³â äåðåâîîáðîáíî¿, ïàïåðîâî¿ òà ëåãêî¿ ïðîìèñ-
ëîâîñò³. Îñê³ëüêè öåëþëîçà º ïðèðîäíèì ïîë³ìåðîì,
ìåòîäè ïîë³ìåðíî¿ ìîäèô³êàö³¿ íàáóâàþòü ó ö³é ãàëóç³
ïåðøîðÿäíîãî çíà÷åííÿ.

Ó ö³é ðîáîò³ íàâîäÿòüñÿ ðåçóëüòàòè äîñë³äæåííÿ ïî-
âåðõíåâî¿ îáðîáêè ïàïåðó ïîë³óðåòàíñå÷îâèíîþ (ÏÓÑ)
íà îñíîâ³ ð³äêèõ êàó÷óê³â äëÿ ïîêðàùåííÿ ì³öí³ñíèõ
âëàñòèâîñòåé ïàïåðó.

Ñïðîáè îòðèìàííÿ ïîë³óðåòàí³â ðåàêö³ºþ ³çîö³àíàò³â
ç ã³äðîêñèëüíèìè ãðóïàìè öåëþëîçè çä³éñíþâàëèñÿ

äàâíî. Â ðîáîò³ [7] ã³äðîêñèëüí³ ãðóïè öåëþëîçè, äèñ-
ïåðãîâàíî¿ â ï³ðèäèí³, îáðîáëÿëè ôåí³ë³çîö³àíàòîì
(Ô²Ö) çà Ò = 80 ³ 100 °Ñ. Ðåàêö³ÿ éøëà â ãåòåðîãåííîìó
ñåðåäîâèù³ äî 30 %-âî¿ êîíâåðñ³¿, à ïîò³ì êðèñòàë³÷íà
ñòðóêòóðà öåëþëîçè ïîðóøóâàëàñü ³ ðåàãåíò â³ëüíî
ïðîíèêàâ ì³æ âîëîêíàìè. Çà Ò = 100 °Ñ ïîâíà êîíâåð-
ñ³ÿ ã³äðîêñèëüíèõ ãðóï çä³éñíþâàëàñÿ çà 15 ãîä. Öÿ æ
ðåàêö³ÿ áóëà âèâ÷åíà á³ëüø äåòàëüíî â ðîáîòàõ [8, 9].
Çàãàëîì áóëè çíàéäåí³ ò³ æ çàêîíîì³ðíîñò³: øâèäê³ñòü
ðåàêö³¿ âèçíà÷àëàñÿ çäàòí³ñòþ öåëþëîçè äî íàáóõàííÿ,
òîáòî ñò³éê³ñòþ êðèñòàë³÷íî¿ ñòðóêòóðè â äàíîìó ðîç-
÷èííèêó (êð³ì ï³ðèäèíó, áðàëè äèìåòèëôîðìàì³ä ³ äè-
ìåòèëñóëüôîêñèä). Êàòàë³çàòîð äèáóòèëäèëàóðèíàò
îëîâà ñïðèÿâ ïðèñêîðåííþ ðåàêö³¿. Òîëó¿ëåíä³³çîö³à-
íàò (ÒÄ²), äèìåð Ô²Ö òà ôåí³ëêàðáàí³ëàò âèÿâèëèñÿ íå-
åôåêòèâíèìè ÿê ³çîö³àíàòè. Â íàñòóïí³é ðîáîò³ ö³ æ
àâòîðè âèâ÷àëè âëàñòèâîñò³ áàâîâíÿíî¿ òêàíèíè ³ çíàé-
øëè, ùî ì³öí³ñòü ³ ïîäîâæåííÿ òêàíèíè çðîñëè ï³ñëÿ
îáðîáêè Ô²Ö, çìåíøèëîñü ïîãëèíàííÿ âîëîãè, ïîêðà-
ùèëàñü ñò³éê³ñòü ïðè ïðàíí³, îñîáëèâî çðîñëà ñò³éê³ñòü
äî ãíèòòÿ. Òàêîæ ï³äâèùèëàñü ñò³éê³ñòü äî óòâîðåííÿ
çìîðøîê íà òêàíèí³.

Â ö³é ðîáîò³ âèáðàíî ³íøèé ï³äõ³ä äî âçàºìîä³¿ öå-
ëþëîçè ç ïîë³ìåðàìè. Ìè âèêîðèñòàëè óòâîðåííÿ
íà ïîâåðõí³ ïàïåðó ïîë³ìåðíî¿ ïë³âêè ÷åðåç ïåðåá³ã
øâèäêî¿ ðåàêö³¿ óòâîðåííÿ ÏÓÑ. Öÿ ðåàêö³ÿ ïîëÿãàº ó
âçàºìîä³¿ îë³ãîìåðó ç ê³íöåâèìè ³çîö³àíàòíèìè ãðóïà-
ìè (ôîðïîë³ìåðó, ìàêðîä³³çîö³àíàòó (ÌÄ²)) ç îòâåðä-
æóâà÷åì, ÿêèé ì³ñòèòü àì³íîãðóïè. Â ðåçóëüòàò³
óòâîðþþòüñÿ ñå÷îâèíí³ ãðóïè. Âíàñë³äîê íàÿâíîñò³
ó ëàíöþç³ óðåòàíîâèõ ãðóï ö³ ïîë³ìåðè íàçèâàþòü
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ïîë³óðåòàíñå÷îâèíàìè. Ïîïåðåäíüî ñèíòåçóâàëè ôîð-
ïîë³ìåð ðåàêö³ºþ îë³ãî³çîïðåíó ÍÎ–Ñ5Í8–ÎÍ ç ê³íöå-
âèìè ã³äðîêñèëüíèìè ãðóïàìè (ÎÐÄ) ç ÒÄ²:
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Ä³ºíîâ³ ³çîö³àíàòí³ ôîðïîë³ìåðè â ðåàêö³ÿõ ç òâåðä-
íèêàìè ç àì³íîãðóïàìè àáî ã³äðàçèäíèìè ãðóïàìè
ìàþòü âèñîêó ðåàêö³éíó çäàòí³ñòü. Öå ïðèâàáëèâî ç
åêîíîì³÷íî¿ òî÷êè çîðó, àëå ñòàâèòü ðÿä ïèòàíü òåõíî-
ëîã³÷íîãî õàðàêòåðó. Ïðè çì³øóâàíí³ òàêèõ ñïîëóê
ïîòð³áí³ ñïåö³àëüí³ òåõí³÷í³ ïðèéîìè, áî âèñîêà
øâèäê³ñòü ðåàêö³¿ íå äàº çìîãè ïðîâåñòè îäíîð³äíå
çì³øóâàííÿ.

Îë³ãî³çîïðåí ç ê³íöåâèìè ã³äðàçèäíèìè ãðóïàìè [10]
îòâåðäæóâàëè ä³³çîö³àíàòàìè ç ðîç÷èíó îë³ãîä³ºíä³ã³ä-
ðàçèäó â áåíçîë³ ðåàêö³ºþ ç ÒÄ². Àâòîðè [10] â³äëèâàëè
ïë³âêè ç ðîç÷èíó îë³ãîìåðó â ìåòèëåòèëêåòîí³. Ìîðî-
çîâ ç³ ñï³âð. [11] âäîñêîíàëèëè öþ ìåòîäèêó, ïëàñòèí-
êó, íà ÿê³é ôîðìóâàëè ïë³âêó, ïî÷åðãîâî çàíóðþâàëè â
ðîç÷èí îë³ãîìåðó, à ïîò³ì, ï³ñëÿ íåòðèâàëîãî ñóø³ííÿ,
â ðîç÷èí ä³³çîö³àíàòó. Çàâäÿêè öüîìó âäàëîñÿ çíà÷íî
ïîêðàùèòè âëàñòèâîñò³ ïë³âîê. Öþ ìåòîäèêó ìè âèêî-
ðèñòàëè äëÿ òâåðäíåííÿ îë³ãîìåðíèõ àì³í³â ä³³çîö³àíà-
òàìè ç îòðèìàííÿì ïîë³ñå÷îâèí [12].
Åêñïåðèìåíòàëüíà ÷àñòèíà.

Ìàòåð³àëè ³ ðåàãåíòè. Â ðîáîò³ âèêîðèñòàíà ëèñòî-
âà öåëþëîçà: 1) ô³íñüêà: õâîéíà, âèá³ëåíà, ñóëüôàòíå
âàð³ííÿ, ÷àñ ðîçìåëþâàííÿ 50 õâ. Ç ëèñòà öåëþëîçè
âèð³çàëè 6 çðàçê³â äëÿ îáðîáêè çàíóðåííÿì ³ 3 çðàçêè
ÿê êîíòðîëüí³; 2) ðîñ³éñüêà: õâîéíà, âèá³ëåíà, ñóëüôàò-
íå âàð³ííÿ, ÷àñ ðîçìåëþâàííÿ 30 õâ., âñüîãî 6 çðàçê³â
äëÿ çàíóðåííÿ ³ 3 çðàçêè ÿê êîíòðîëüí³. Öåëþëîçó ïî-
äð³áíþâàëè â öåíòðîá³æíî-ðîçìåëþâàëüíîìó àïàðàò³
äî äîñÿãíåííÿ 60 °ØÐ. Âèãîòîâëåííÿ çðàçê³â ïàïåðó
ïðîâîäèëè çà ñòàíäàðòíîþ ìåòîäèêîþ çã³äíî 75 ã/ì2

íà ëàáîðàòîðíîìó ëèñòîâ³äëèâíîìó àïàðàò³ (ËÀ-2 ).
Âñ³ çàãîò³âêè áóëè ïîïåðåäíüî çâàæåí³ ç âèêîðèñòàí-
íÿì àíàë³òè÷íèõ âàã. Âèïðîáóâàííÿ ïàïåðó òà îòðè-
ìàííÿ ïîêàçíèê³â ì³öíîñò³ ïðîâîäèëè çã³äíî ç³ ñòàí-
äàðòíèìè ìåòîäèêàìè.

Ïîë³åòèëåíïîë³àì³í (ÏÅÏÀ) º îòâåðäæóâà÷åì åïîê-
ñèäíî-ä³àíîâèõ ñìîë. Ìàñîâà ÷àñòêà àçîòó, ÿêèé òèòðóºòü-
ñÿ êèñëîòîþ, ïåðåáóâàº â ìåæàõ 19,5–22,0 %. Ìàñîâà
÷àñòêà òðåòèííèõ àì³íîãðóï – ó ìåæàõ 5–9 % [13].

Ä³åòèëåíòðèàì³í (ÄÅÒÀ) (H2NCH2CH2)2NH ì³ñòèòü ïåð-
âèíí³ ³ âòîðèíí³ àì³íîãðóïè, à òàêîæ íåçíà÷íó ê³ëüê³ñòü
òðåòèííèõ, îáóìîâëåíèõ òåõíîëîã³ºþ éîãî âèðîáíèöò-
âà [14]. Âòîðèíí³ àì³íîãðóïè ìàþòü ìåíøó îñíîâí³ñòü
³ íóêëåîô³ëüí³ñòü, í³æ ïåðâèíí³, ïðîòå îáèäâ³ ãðóïè ìà-
þòü âèñîêó õ³ì³÷íó àêòèâí³ñòü. Ïðÿìå çì³øóâàííÿ ³çî-
ö³àíàòíîãî ³ àì³ííîãî êîìïîíåíò³â íåìîæëèâå âíàñë³-
äîê äóæå øâèäêî¿ ðåàêö³¿.

Ôîðïîë³ìåð îë³ãî³³çîïðåíó ç ê³íöåâèìè ³çîö³àíàò-
íèìè ãðóïàìè (ÎÐÄ-²) ãîòóâàëè ç îë³ãî³çîïðåíó ÎÐÄ ç
ê³íöåâèìè ã³äðîêñèëüíèìè ãðóïàìè, ÿêèé îäåðæóâàëè
ðàäèêàëüíîþ ïîë³ìåðèçàö³ºþ â ðîç÷èí³ ³çîïðîï³ëîâî-
ãî ñïèðòó ï³ä ä³ºþ ïåðîêñèäó âîäíþ (ÏÂ) [15].

Ìåòîäèêà îäåðæàííÿ ôîðïîë³ìåðó. 150 ã ïîïåðåä-
íüî âèñóøåíîãî îë³ãîìåðó ÎÐÄ (âì³ñò ã³äðîêñèëüíèõ
ãðóï 1,00 % ìàñ.) âàêóóìóâàëè â êîëá³ ðîòîðíîãî âèïà-
ðþâà÷à ïðîòÿãîì 15 õâ. äëÿ âèäàëåííÿ áóëüáàøîê ïî-
â³òðÿ, ïîò³ì çì³øóâàëè ç ÒÄ² â åêâ³âàëåíòíîìó â³äíî-
øåíí³ ³çîö³àíàòíèõ ãðóï äî ã³äðîêñèëüíèõ 2:1 íà õîëîä³.
Ï³ñëÿ ïîâíîãî ñóì³ùåííÿ îáîõ êîìïîíåíò³â, êîëè ñóì³ø
ðîáèëàñÿ îäíîð³äíîþ, ¿¿ íàãð³âàëè äî Ò = 60 °Ñ, ïîò³ì
âèìèêàëè íàãð³â ³ îáåðòàëè, îõîëîäæóþ÷è äî ê³ìíàò-
íî¿ òåìïåðàòóðè. Âåñü öèêë çàéìàº ïðèáëèçíî 3 ãîä.
Çà 10–12 ãîä ïðîâîäèëè àíàë³ç íà ³çîö³àíàòí³ ãðóïè
ìåòîäîì òèòðóâàííÿ ç äèáóòèëàì³íîì [16]. Çíàéäåíî
2,16 % ìàñ. ³çîö³àíàòíèõ ãðóï, òåîð. 2,26 % ìàñ.

Ìåòîäèêà îáðîáêè öåëþëîçè çàíóðåííÿì. Ãîòóâà-
ëè ðîç÷èíè ìàêðîä³³çîö³àíàòó ³ ä³åòèëåíòðèàì³íó êîí-
öåíòðàö³¿ 0,06 Ì â ñóõîìó òîëóîë³ ÷è áåíçîë³. Öþ êîí-
öåíòðàö³þ îáðàíî äîñë³äíèì øëÿõîì. Ï³äâèùåííÿ êîí-
öåíòðàö³¿ äàº íåð³âíîì³ðíå ïîêðèòòÿ íà ïîâåðõí³ öåëþ-
ëîçíîãî ëèñòà; ìåíøà êîíöåíòðàö³ÿ ïîòðåáóº á³ëüøî¿
ê³ëüêîñò³ çàíóðåíü. Âì³ñò ³çîö³àíàòíèõ ãðóï â ÎÐÄ-²
ñêëàâ 2,16 %, âì³ñò àì³íîãðóï â ÄÅÒÀ, âèçíà÷åíèé òèò-
ðóâàííÿì ñîëÿíîþ êèñëîòîþ, 45,5 %. Åêâ³âàëåíòíà ìàñà
ÎÐÄ-² äîð³âíþâàëà 1506, ÄÅÒÀ – 34,4. Íàð³çàëè ñìóæêè
ç³ ñòàíäàðòíîãî àðêóøà îô³ñíîãî ïàïåðó ù³ëüí³ñòþ
80 ã/ì-2 çàâøèðøêè 20 ìì ³ çàâäîâæêè 120 ìì. Çàíóðþ-
âàëè ñìóæêó â ðîç÷èí ÎÐÄ-², çàêðèâàëè íà 2 õâ. çà óìîâ
³çîëÿö³¿ â³ä ïîâ³òðÿ, âèéìàëè ³ ñóøèëè ï³ä âàêóóìîì
íàä õëîðèñòèì êàëüö³ºì äî âòðàòè ëèïêîñò³. Ïîò³ì çà-
íóðþâàëè ñìóæêó â ðîç÷èí ÄÅÒÀ, ãåðìåòè÷íî çàêðè-
âàëè íà 2 õâ., âèéìàëè ³ ñóøèëè òàêèì æå ÷èíîì. Ïî-
êðèòòÿ îòðèìóâàëè 5-ðàçîâèìè öèêëàìè, êîæíèé ³ç òðüî-
ìà ïàðàëåëüíèìè ïðîáàìè. Ì³êðîìåòðîì âèì³ðþâà-
ëè òîâùèíó ñìóæîê – âèõ³äíèõ ³ ï³ñëÿ 5 öèêë³â íàíåñåííÿ
â ìì ³ îá÷èñëþâàëè ïëîùó ïåðåð³çó ñìóæîê ó ìì2.
Ê³íö³ ñìóæîê çàòèñêàëè â âåðòèêàëüí³é ðîçðèâí³é ìà-
øèí³ (äèíàìîìåòð³) òà âèì³ðþâàëè çóñèëëÿ ïðè ðîç-
ðèâ³ ó íüþòîíàõ; îá÷èñëþâàëè ì³öí³ñòü íà ðîçðèâ íà
îäèíèöþ ïëîù³ Ðí Í/ìì2. Âèïðîáóâàííþ ï³ääàâàëè
êîæíó ñìóæêó îêðåìî.

Ìåòîäè âèçíà÷åííÿ âëàñòèâîñòåé öåëþëîçè. Åôåê-
òèâí³ñòü ìîäèô³êàö³¿ öåëþëîçè îö³íþâàëè çà ðåçóëüòà-
òàìè äî ³ ï³ñëÿ îáðîáêè çà òàêèìè ïîêàçíèêàìè:
- ì³öí³ñòü íà ðîçðèâ (ðîçðèâíà äîâæèíà);
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- ì³öí³ñòü íà çëîì ï³ä ÷àñ áàãàòîðàçîâèõ ïåðåãèí³â;
- îï³ð ïðîäàâëþâàííþ;
- îï³ð ðîçäèðàííþ.

Ïîêàçíèêè âèçíà÷àëè çã³äíî ç äåðæàâíèìè ñòàíäàð-
òàìè. Ìåòîäè÷í³ âêàç³âêè ç ¿õ âèêîíàííÿ âèêëàäåíî â
ïîñ³áíèêó [17].
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ïðèêëàä ðîçðàõóíê³â äëÿ äåìîíñòðàö³¿ ñòàòèñòèêè
âèì³ðþâàíü íàâåäåíî â òàáë. 1.

Ó öüîìó ïðèêëàä³ çðîñòàííÿ ì³öíîñò³ ï³ñëÿ çàíó-
ðåííÿ ñòàíîâèòü 30,8/26,9 = 1,145, òîáòî 14,5 %.

Çì³íó ì³öíîñò³ ïðè ïîñë³äîâíèõ çàíóðåííÿõ íàâå-
äåíî â òàáë. 2, à â³äïîâ³äíèé ãðàô³ê çàëåæíîñò³ ì³öíîñò³
â³ä ÷èñëà çàíóðåíü – íà ðèñóíêó.

ßêùî ì³öí³ñòü öåëþëîçíîãî âèðîáó íåçíà÷íà (ÿê ó
ñåðâåòö³), òî ïîñë³äîâíå çàíóðåííÿ çà òàêîþ ìåòîäè-
êîþ çá³ëüøóº ì³öí³ñòü ó ðàçè, ïðè÷îìó ñïîñòåð³ãàºòü-
ñÿ åôåêò íàñè÷åííÿ (ðèñóíîê). Àëå ³ â á³ëüø ì³öíèõ
âèðîáàõ (ÿê â ïàïåðîâîìó ëèñò³) åôåêòè çàíóðåííÿ ç
óòâîðåííÿì ÏÓÌ äîñèòü çíà÷í³.

Âèì³ðþâàííÿ ïðîâîäèëè ï³ñëÿ îñòàííüîãî, ÷åòâåð-
òîãî öèêëó çàíóðåííÿ. Ê³ëüê³ñòü ³çîö³àíàòíèõ ãðóï ó
ñóì³ø³ êîíòðîëþâàëè â õîä³ äîñë³ä³â. Âèçíà÷àëè ÷îòè-
ðè ïàðàìåòðè: 1) ðîçðèâíó äîâæèíó âèì³ðþâàëè â ìåò-
ðàõ; äëÿ ðîçðàõóíêó ðîçðèâíî¿ äîâæèíè ìàëè ðîçðèâ-
íå çóñèëëÿ, ìàñó ³ äîâæèíó âèïðîáóâàíî¿ ñìóæêè ïà-
ïåðó; 2) ì³öí³ñòü íà çëàì ï³ä ÷àñ áàãàòîðàçîâèõ ïåðå-
ãèí³â, ê³ëüê³ñòü ïîäâ³éíèõ ïåðåãèí³â (ê.ï.ï.); ñóòí³ñòü
ìåòîäó ïîëÿãàëà ó âèçíà÷åíí³ ê³ëüêîñò³ ïîäâ³éíèõ ïå-
ðåãèí³â, ÿêó âèòðèìóâàëà ñìóæêà ïàïåðó, ùî ïåðåáó-
âàëà ï³ä íàòÿãîì 10 Í, ï³ä ÷àñ çãèíàííÿ ïîçì³ííî â îäèí

³ äðóãèé á³ê íà 180 ãðàäóñ³â äî ¿¿ ðóéíóâàííÿ; 3) îï³ð
ïðîäàâëþâàííþ, êÏà; â³í äîð³âíþâàâ ìàêñèìàëüíîìó
òèñêó, ùî âèòðèìóâàâ áåçïîñåðåäíüî ïåðåä ðóéíóâàí-
íÿì êðóæîê ïàïåðó ä³àìåòðîì 30,5 ìì; 4) îï³ð ðîçäè-
ðàííþ; öå ñåðåäíº çíà÷åííÿ çóñèëëÿ, ÿêå íåîáõ³äíå äëÿ
ðîçäèðàííÿ ïîïåðåäíüî íàäð³çàíîãî çðàçêà ïàïåðó; öþ
âåëè÷èíó âèðàæàëè ó ì³ë³íüþòîíàõ (ìÍ). Ðåçóëüòàòè âè-
ì³ðþâàíü äëÿ ô³íñüêî¿ öåëþëîçè íàâåäåíî â òàáë. 3, äëÿ
ðîñ³éñüêî¿ – â òàáë. 4.

Àíàë³ç òàáë. 3 ïîêàçóº, ùî ï³ñëÿ îáðîáêè öåëþëîçè
¿¿ ðîçðèâíà äîâæèíà çá³ëüøèëàñÿ â ñåðåäíüîìó íà 169 %.
Ì³öí³ñòü íà çëàì ï³äâèùèëàñü íà 137 %, îï³ð

Çðàçîê Òîâùèíà, 
ìì 

Øèðèíà, 
ìì Ïëîùà ïåðåð³çó, ìì2 Àáñîëþòíå çóñèëëÿ, 

Í 
Ì³öí³ñòü ïðè 

ðîçðèâ³, Í/ìì2 (ÌÏà) 
Äî çàíóðåííÿ 

1 0,07 20 1,4 37,0 26,4  
2 0,08 20 1,6 41,9 26,2 
3 0,09 20 1,8 50,5 28,1 

Ñåðåäíº   26,9 
 Ï³ñëÿ çàíóðåííÿ 

1 0,10 20 2,0 61,9 30,95 
2 0,10 20 2,0 58,1 29,05 
3 0,09 20 1,8 58,3 32,4 

Ñåðåäíº  30,8 

Òàáëèöÿ 1. Ðîçðàõóíîê ðîçðèâíî¿ ì³öíîñò³ öåëþëîçíîãî ëèñòà ï³ñëÿ îáðîáêè çàíóðåííÿì (5 öèêë³â).
Îòâåðäæóâà÷ – ÄÅÒÀ

Ê³ëüê³ñòü öèêë³â 
çàíóðåííÿ Àáñîëþòíå çóñèëëÿ, Í Ì³öí³ñòü ïðè ðîçðèâ³, 

ÌÏà 
Â³äíîøåííÿ äî 

íåîáðîáëåíîãî çðàçêà, % 
0 1,91 0,735 100 
1 5,31 1,37 186 
2 14,3 3,02 411 
3 18,3 3,41 464 
4 23,8 4,80 653 
5 22,6 4,54 618 

Òàáëèöÿ 2. Çàëåæí³ñòü ì³öíîñò³ öåëþëîçíî¿ ñåðâåòêè ïðè ðîçðèâ³ â³ä ê³ëüêîñò³ öèêë³â çàíóðåííÿ. Îòâåðäæóâà÷
– ÄÅÒÀ
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ïðîäàâëþâàííþ – íà 60 %, îï³ð ðîçäèðàííþ – íà 41 %
äî çíà÷åííÿ íåîáðîáëåíîãî ïàïåðó. Â³äïîâ³äí³ ïîêàç-
íèêè íà ðîñ³éñüê³é öåëþëîç³ (òàáë. 4) ñòàíîâèëè: ðîç-
ðèâíà äîâæèíà çðîñëà íà 147 %, ì³öí³ñòü íà çëàì – íà
181 %, îï³ð ïðîäàâëþâàííþ – íà 30 %, îï³ð ðîçäèðàí-
íþ – íà 17 %. ßê áà÷èìî, òåíäåíö³¿ çáåð³ãàþòüñÿ äëÿ
îáîõ òèï³â ïàïåðó: çíà÷íå ï³äâèùåííÿ ðîçðèâíî¿ äîâ-
æèíè íà 147–169 % ì³öíîñò³ íà çëàì – íà 140–180 %,
Ï³äâèùåííÿ îïîðó ïðîäàâëþâàííþ ñòàíîâèëî 30–60 %,

Çðàçêè 
Ðîçðèâíà äîâæèíà, ì Ì³öí³ñòü íà çëàì, ê.ï.ï Îï³ð ïðîäàâëþâàííþ, 

êÏà 
Îï³ð ðîçäèðàííþ, 

ìÍ 

âåëè÷èíà % äî 
êîíòð. âåëè÷èíà % äî 

êîíòð. âåëè÷èíà % äî 
êîíòð. âåëè÷èíà % äî 

êîíòð. 
1 14235 271 3280 140 440 164 1020 139 
2 13060 249 6125 262 485 181 1060 145 
3 14140 269 5165 221 405 151 1020 139 
4 14590 278 5125 220 400 148 1140 155 
5 13865 264 7695 330 440 164 1175 161 
6 14765 281 5860 251 415 155 785 107 

êîíòðîëü 5250 100 2334 100 268 100 732 100 

Òàáëèöÿ 3. Ðåçóëüòàòè íàíåñåííÿ ïîë³óðåòàíñå÷îâèííî¿ ïë³âêè íà öåëþëîçíèé ïàï³ð ô³íñüêèé. Îòâåðäæóâà÷ –
ÄÅÒÀ

Çðàçêè 
Ðîçðèâíà äîâæèíà, ì Ì³öí³ñòü íà çëàì, ê.ï.ï Îï³ð ïðîäàâëþâàííþ, 

êÏà Îï³ð ðîçäèðàííþ, ìÍ 

âåëè÷èíà % äî 
êîíòð. âåëè÷èíà % äî 

êîíòð. âåëè÷èíà % äî 
êîíòð. âåëè÷èíà % äî 

êîíòð. 
1 13740 248 5085 244 385 135 785 115 
2 14465 261 6125 295 375 132 1020 150 
3 13580 245 5165 248 320 112 590 87 
4 13695 247 5125 246 365 128 745 109 
5 14200 256 7695 370 395 138 980 144 
6 13020 235 5860 282 370 130 665 98 

êîíòðîëü 5543 100 2079 100 285 100 680 100 
 

Òàáëèöÿ 4. Ðåçóëüòàòè íàíåñåííÿ ïîë³óðåòàíñå÷îâèííî¿ ïë³âêè íà öåëþëîçíèé ïàï³ð ðîñ³éñüêèé. Îòâåðäæóâà÷ –
ÏÅÏÀ

à îïîðó ðîçäèðàííþ – 17–41 %.
Âèñíîâêè.

Îáðîáêà ïàïåðó ïîë³óðåòàíñå÷îâèíîþ º äîñòàòíüî
åôåêòèâíèì ñïîñîáîì ï³äâèùåííÿ ì³öíîñò³ ïàïåðó íà
ðîçðèâ ³ íà çëàì, à òàêîæ ï³äâèùåííÿ îïîðó ïðîäàâëþ-
âàííþ, ùî ìîæå ìàòè ïðàêòè÷íó ïåðñïåêòèâó. Çâàæà-
þ÷è íà ïðîñòîòó òåõíîëîã³¿, çàïðîïîíîâàíèé ñïîñ³á
ìîäèô³êàö³¿ ïàïåðó çàñëóãîâóº ïîäàëüøîãî âèâ÷åííÿ.

Ë³òåðàòóðà
1. Azarov V.I., Burov A.V., Obolenskaya A.V. Wood
Chemistry and Synthetic Polymers,
 St. Petersburg “Lan’ ” Publishing House, 2010: 624.
2. Tkachev N.I., Morozov S.V., Grigoryev N.A., Mognonov
D.N., Kolchanov N.A. Modification of cellulose – a
promising direction in the development of new materials,
Vysokomol. Soedin. Ser. A, 2013, 55: 1086-1107.
3. Ryabov S.V. Achievements in the field of cellulose
modification, Polymer Journal, 2000, 24: 16-23.
4. Cellulose structure, modification and hydrolyses. Ed.
Young R.A., Rowell R.M. - New York: Jon Willey and Sons.
1986: 286.
5. Rogovin Z.A., Gol’brayh L.C. Chemical transformation
and modification of cellulose, M .: Chemistry, 1979: 206.
6. Grishchenko V.K., Boiko V.P. Liquid rubbers: relevance
and prospects of production, Khim. Prom. Ukraine, 2004,
¹ 4: 11-17.

7. Schneebeli P. Etude de l’addition de l’isocyanate de
phenyl sur les fonctions alcool de la cellulose, C. r. Acad.
sci., 1952, 234: 738-740.
8. Ellzey S.E., Jr., Wade P.C., Mack S.H., Reaction of Aryl
Isocyanate with Cotton Cellulose. Part I. Variables in the
Reaction Using Phenyl Isocyanate, Text. Res. J., 1952, 234:
1023-1029.
9. Ellzey S.E., Jr., Mack S.H. Part II. Textile Properties of
Fabric Modified by Reaction with Phenyl Isocyanate, Text.
Res. J., 1952, 234: 1029-1033.
10. Gritsenko F.R., Spirin Ju.L., Grishchenko V.K.,
Kochetova G.I. Synthesis of azo-bis-izobutirogidrazida
and oligodienov with terminal hydrazide groups, Dokl.
AN USSR, 1974, 214: 569-571.
11. Knyazhansky S.L., Zakharov N.D., Morozov Yu.L.,
Fedyukin D.L. Preparation and some properties.
12. Morozov Y.L., Alter Y.M., Pribylov L.M. Synthesis and



330

Ìîäèô³êàö³ÿ öåëþëîçè ïîë³óðåòàíñå÷îâèíîþ

properties of polybutadieneureas, Kauchuk and rezina,
1972, ¹ 9: 7-10.
13. Chemical additives to polymers (reference), M.:
Chemistry, 1981: 186.
14. Kirk-Othmer encyclopedia, 3 ed., V. 7, N.Y., 1979: 580.
15. Grishchenko V.K., Spirin Yu.L. Oligomerization of
isoprene in organic solvents, initiated by hydrogen
peroxide and cumene hydroperoxide, Vysokomol. Soedin.

Ser. A, 1969, 11: 980-988.
16. Toroptseva A.M., Belogorodskaya K.V., Bondarenko
V.M., Laboratory workshop on chemistry and technology
of high molecular compounds, L.: Chemistry, Lenigr. Dep,
1972: 311.
17. Environmental protection in the manufacture of paper
and paperboard, Compilers L.P. Antonechko, R.². Cheryop-
k³na, ².M. Deykun. - Kyiv, NTU “KPI”, 2008: 84.

Íàä³éøëà äî ðåäàêö³¿ 10 ëèñòîïàäà 2016 ð.

Îáðàáîòêà öåëëþëîçû ïîëèóðåòàíìî÷åâèíîé

Â.Ï. Âàëîâîé1, Ð.È. ×åð¸ïêèíà2, Â.Ï. Áîéêî1, Â.Ê. Ãðèùåíêî1

1²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà
2Íàö³îíàëüíèé òåõí³÷íèé óí³âåðñèòåò Óêðà¿íè “Êè¿âñüêèé ïîë³òåõí³÷íèé ³íñòèòóò” ³ì. ².². Ñ³êîðñüêîãî
37, ïð-ò Ïåðåìîãè, Êè¿â, 03056, Óêðà¿íà

Âûïîëíåíà îáðàáîòêà áóìàãè ïîëèóðåòàíìî÷åâèíîé, ñèíòåçèðîâàííîé in situ ïóòåì
ïîî÷åðåäíîãî ïîãðóæåíèÿ áóìàãè â ðàñòâîðû ìàêðîäèèçîöèàíàòà íà îñíîâå
ãèäðîêñèëñîäåðæàùåãî îëèãîäèåíà è ïîëèàìèíîâ. Îáðàáîòêà áóìàãè ïîëèóðåòàíìî÷åâèíîé
ÿâëÿåòñÿ ýôôåêòèâíûì ñðåäñòâîì ïîâûøåíèÿ ïðî÷íîñòíûõ ñâîéñòâ áóìàãè, â ÷àñòíîñòè
óâåëè÷åíèÿ ñîïðîòèâëåíèÿ ïðîäàâëèâàíèþ, è ìîæåò ïðåäñòàâëÿòü ïðàêòè÷åñêèé èíòåðåñ.

Êëþ÷åâûå ñëîâà: öåëëþëîçà, ïîëèóðåòàíìî÷åâèíà, ïîëèìåðíàÿ ïë¸íêà, îáðàáîòêà îêóíàíèåì, ôèçèêî-
ìåõàíè÷å÷êèå ïîêàçàòåëè áóìàãè.

Processing of cellulose with polyurethaneurea

V.P. Valovyy1, R.I. Cheryopkina2, V.P. Boiko1, V.K. Gryshchenko1

1Institute of Macromolecular Chemistry of NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine
2National Technical University of Ukraine “Kyiv Polytechnical Institute” by I.Sikorsky
37, Peremoga avenue, Kyiv, 03056, Ukraine

The combination of cellulose and polyurethane is a very promising area of   modern polymer chemistry,
as it allows obtaining new materials that combine the positive qualities of both components. Due to
insolubility in common solvents, Treating a cellulose surface is a convenient method of its modification.
Oligodienes with terminal hydroxyl groups easily converted into macrodiisocyanates with terminal
isocyanate groups (MDI) with high reactivity. They give crosslinked polyurethaneurea (PUU) at the
treating with polyamines. The PUU preparation on the paper surface by alternately dipping samples
into sample diluted benzene or toluene MDI and polyamine (PEPA polyethylenepolyamine and DETA
diethylenetriamine) at room temperature. A fast reaction between them leads to the formation of a film
on the surface of a paper sample. A significant increase in the strength properties of the certain
samples was observed: tensile strength (breaking length), fracture toughness and bursting resistance.
A less increase in tear resistance was expressed. The trends remain for both types of paper: an increase
in the bursting is of approximately by 2,5 times, break strength by 140–180 %, increase resistance to
bursting by 30–60 %, and resistance to tearing by 17–41 % to the value of raw paper. At treating
samples with low strengths, their strength increase after treating with PUU approaches 5 times and
more.

Keywords: cellulose, polyurethaneurea, polymeric film, dipping process, physical and mechanical paper properties.


