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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé âñïó÷èâàþùèõñÿ îãíåçàùèòíûõ ñîñòàâîâ ðàçëè÷íîé õè-
ìè÷åñêîé ïðèðîäû, ïîëó÷åííûõ â èíåðòíîé ñðåäå àðãîíà è â îêèñëèòåëüíîé ñðåäå âîçäóõà ìå-
òîäîì ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà (Nietzsch SÒÀ 449 F5 Jupiter®). Óñòàíîâëåíî, ÷òî çíà-
÷åíèÿ òåìïåðàòóð ìàêñèìóìîâ íà êðèâûõ äèôôåðåíöèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ-ïèêîâ)
â îêèñëèòåëüíîé ñðåäå ñìåùåíû â îáëàñòü ìåíüøèõ çíà÷åíèé. Ïîêàçàíî, ÷òî ñêîðîñòü ïîòåðè
ìàññû â îêèñëèòåëüíîé ñðåäå íà 6–15 % âûøå, ÷åì â èíåðòíîé, ÷òî ñâèäåòåëüñòâóåò î ïðîòåêà-
íèè íå òîëüêî ïðîöåññà òåðìîäåñòðóêöèè, íî è òåðìîîêèñëèòåëüíîé äåñòðóêöèè êîìïîíåíòîâ
èíòóìåñöåíòíûõ êîìïîçèöèé. Âûÿâëåíî, ÷òî íàèáîëüøàÿ ñêîðîñòü ïîòåðè ìàññû äëÿ âñåõ àíà-
ëèçèðóåìûõ îãíåçàùèòíûõ ñîñòàâîâ è, ñîîòâåòñòâåííî, íàèáîëüøàÿ èíòåíñèâíîñòü ïðîöåññà
èíòóìåñöåíöèè ñ âûäåëåíèåì ãàçîâ è îáðàçîâàíèåì ïåíîêîêñà íàáëþäàþòñÿ â èíòåðâàëå òåì-
ïåðàòóð 300–410 �Ñ. Óñòàíîâëåíî, ÷òî ñàìîé âûñîêîé ñêîðîñòüþ ïîòåðè ìàññû îòëè÷àåòñÿ îãíå-
çàùèòíûé ñîñòàâ, ïðåäñòàâëÿþùèé ñîáîé âîäíî-äèñïåðñíóþ âèíèëàöåòàòíóþ êðàñêó, ÷òî ñâè-
äåòåëüñòâóåò î âûäåëåíèè áîëüøîãî êîëè÷åñòâà ãàçîâ â õîäå òåðìîîêèñëèòåëüíîé äåñòðóêöèè.
Ýòîò æå ìàòåðèàë îòëè÷àåòñÿ ñàìûì íèçêèì çíà÷åíèåì êîêñîâîãî îñòàòêà, ÿâëÿþùåãîñÿ ïîêàçà-
òåëåì òåðìîñòîéêîñòè ïåíîêîêñà. Ïðåäëîæåíû ïóòè ñîâåðøåíñòâîâàíèÿ àíàëèçèðóåìûõ îãíå-
çàùèòíûõ ìàòåðèàëîâ.
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Ââåäåíèå

Ïðè ñòðîèòåëüñòâå îáúåêòîâ íåôòåãàçîâîãî êîìï-

ëåêñà øèðîêî èñïîëüçóþòñÿ ìåòàëëè÷åñêèå êîíñò-

ðóêöèè (åìêîñòè äëÿ õðàíåíèÿ íåôòåïðîäóêòîâ,

òåõíîëîãè÷åñêèå òðóáîïðîâîäû, êîíñòðóêöèè íàñîñ-

íûõ è êîìïðåññîðíûõ öåõîâ è äð.), õàðàêòåðèçó-

þùèåñÿ âûñîêîé ïðî÷íîñòüþ, äîëãîâå÷íîñòüþ è îò-

íîñèòåëüíîé ëåãêîñòüþ. Îäíàêî ïðè âîçäåéñòâèè

âûñîêèõ òåìïåðàòóð, ðàçâèâàþùèõñÿ âî âðåìÿ ïî-

æàðà, îíè äåôîðìèðóþòñÿ, òåðÿþò óñòîé÷èâîñòü è

íåñóùóþ ñïîñîáíîñòü. Ïðè ýòîì íåîáõîäèìî îòìå-

òèòü, ÷òî îáúåêòû íåôòåãàçîâîãî êîìïëåêñà ÿâëÿ-

þòñÿ èñòî÷íèêîì ïîâûøåííîé âçðûâîïîæàðîîïàñ-

íîñòè, ñâÿçàííîé ñ äîáû÷åé, îáðàáîòêîé è òðàíñ-
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ïîðòèðîâêîé ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ

æèäêîñòåé, à òàêæå âçðûâîîïàñíûõ ãàçîâ. Êðîìå òîãî,

ê ðàçðàáàòûâàåìûì îãíåçàùèòíûì ìàòåðèàëàì, ïðè-

ìåíÿåìûì â íåôòåãàçîâîì êîìïëåêñå, ïðåäúÿâëÿ-

þòñÿ áîëåå ñòðîãèå òðåáîâàíèÿ: îáåñïå÷åíèå îãíå-

çàùèòû êàê â óñëîâèÿõ ñòàíäàðòíîãî ïîæàðà, òàê è

â óñëîâèÿõ óãëåâîäîðîäíîãî ïîæàðà; îáëàäàíèå ïî-

âûøåííîé ñòîéêîñòüþ ê àãðåññèâíûì ñðåäàì (êîð-

ðîçèîííîé óñòîé÷èâîñòüþ) è âîçäåéñòâèþ àòìîñôåð-

íûõ óñëîâèé. Â ñâÿçè ñ ýòèì îãíåçàùèòà ìåòàëëè-

÷åñêèõ êîíñòðóêöèé ÿâëÿåòñÿ îäíîé èç àêòóàëüíûõ

ïðîáëåì óâåëè÷åíèÿ îãíåñòîéêîñòè ìåòàëëîêîíñò-

ðóêöèé è ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè çàùè-

ùàåìûõ îáúåêòîâ â öåëîì.

Â ïîñëåäíèå ãîäû â êà÷åñòâå îãíåçàùèòíûõ

ñðåäñòâ äëÿ ìåòàëëè÷åñêèõ êîíñòðóêöèé â ðàçëè÷-

íûõ îòðàñëÿõ ïðîìûøëåííîñòè íàèáîëåå øèðîêî

ïðèìåíÿþòñÿ âñïó÷èâàþùèåñÿ (èíòóìåñöåíòíûå)

ìàòåðèàëû áëàãîäàðÿ âûñîêèì îãíåçàùèòíûì

ñâîéñòâàì, äîëãîâå÷íîñòè, îòíîñèòåëüíîé “ýêîëî-

ãè÷íîñòè” (îòñóòñòâèþ âûäåëåíèÿ òîêñè÷íûõ âå-

ùåñòâ ïðè ãîðåíèè), ëåãêîñòè è ñêîðîñòè ìîíòàæà.

ßâëåíèå âñïó÷èâàíèÿ â ïðîöåññå âîçäåéñòâèÿ âû-

ñîêèõ òåìïåðàòóð ïðîèñõîäèò ïîä äåéñòâèåì îäíî-

âðåìåííî âñïåíèâàíèÿ è êàðáîíèçàöèè ãîðÿùåé ïî-

ëèìåðíîé ñèñòåìû. Îáðàçóþùèéñÿ ïåíîêîêñ èìååò

îáúåì, â 20–40 ðàç ïðåâûøàþùèé ïåðâîíà÷àëüíûé

îáúåì ïîêðûòèÿ, è âûïîëíÿåò ñðàçó íåñêîëüêî ôóíê-

öèé: âûñòóïàåò â êà÷åñòâå ôèçè÷åñêîãî áàðüåðà, ñíè-

æàþùåãî òåïëî- è ìàññîïåðåíîñ îò ãàçîâîé ôàçû

ê ïîâåðõíîñòè ìåòàëëà; çàòðóäíÿåò ïîñòóïëåíèå ãî-

ðþ÷èõ ãàçîâ, âûäåëÿþùèõñÿ â õîäå òåðìîäåñòðóêöèè

îãíåçàùèòíîãî ìàòåðèàëà â ïëàìåííóþ çîíó; ïðå-

ïÿòñòâóåò äèôôóçèè êèñëîðîäà âîçäóõà âî âíóòðåí-

íèå ñëîè ïåíîêîêñà äëÿ ïðîòåêàíèÿ íåæåëàòåëüíûõ

ïðîöåññîâ îêèñëåíèÿ êîìïîíåíòîâ îãíåçàùèòíîé

êîìïîçèöèè. Õèìè÷åñêèå ïðîöåññû, ïðîòåêàþùèå

â õîäå òåðìîîêèñëèòåëüíîé è òåðìîäåñòðóêöèè îãíå-

çàùèòíîãî ìàòåðèàëà, ïðèâîäÿò ê âûäåëåíèþ èíåðò-

íûõ ïî îòíîøåíèþ ê ãîðåíèþ ãàçîâ (äèîêñèäà óãëå-

ðîäà, ïàðîâ âîäû, àçîòà), ÷òî ñïîñîáñòâóåò ôëåã-

ìàòèçàöèè ãîðåíèÿ è îõëàæäåíèþ íàãðåòûõ ñëîåâ

ìàòåðèàëà. Êðîìå òîãî, ïðîèñõîäèò èíãèáèðîâàíèå

àêòèâíûõ ðàäèêàëîâ, îáðàçóþùèõñÿ ïðè òåðìîëèçå

ñîñòàâà çà ñ÷åò âçàèìîäåéñòâèÿ ñ ðàäèêàëàìè èíãè-

áèòîðîâ, ïðèñóòñòâóþùèìè â ñîñòàâå. È ñàìûì ýô-

ôåêòèâíûì ôàêòîðîì, ïðèâîäÿùèì ê ñíèæåíèþ

òåìïåðàòóðû êàê îãíåçàùèòíîãî ñîñòàâà, òàê è çà-

ùèùàåìîé ìåòàëëè÷åñêîé êîíñòðóêöèè, ÿâëÿåòñÿ

ýíäîòåðìè÷åñêèé ýôôåêò ïîñëåäîâàòåëüíî è ïàðàë-

ëåëüíî ïðîòåêàþùèõ õèìè÷åñêèõ ïðîöåññîâ è ôà-

çîâûõ ïðåâðàùåíèé, ïðåòåðïåâàåìûõ îãíåçàùèòíîé

êîìïîçèöèåé â õîäå òåðìîäåñòðóêöèè ñîñòàâà è îá-

ðàçîâàíèÿ ïåíîêîêñà. ×åì áîëüøå ñóììàðíûé ýíäî-

òåðìè÷åñêèé ýôôåêò ïðîòåêàþùèõ ïðîöåññîâ, òåì

ýôôåêòèâíåå ðàáîòàåò îãíåçàùèòíûé ñîñòàâ. Äëÿ

îáðàçóþùåãîñÿ ïåíîêîêñà âàæíî, ÷òîáû åãî òåïëî-

ïðîâîäíîñòü áûëà êàê ìîæíî íèæå, à óäåëüíàÿ òåï-

ëîåìêîñòü — âûøå. Ïðè îáðàçîâàíèè ïåíèñòîãî

îãíåçàùèòíîãî ñëîÿ òåïëîïåðåäà÷à â ñòîðîíó ïîä-

ëîæêè óìåíüøàåòñÿ äî 100 ðàç [1].

Äëÿ êîíñòðóêöèé èç ñòàëè áåç îãíåçàùèòû ïðåäåë

îãíåñòîéêîñòè, êàê ïðàâèëî, íå ïðåâûøàåò 15 ìèí.

Ñ ïîìîùüþ ñîâðåìåííûõ îãíåçàùèòíûõ òîíêî-

ñëîéíûõ ïîêðûòèé ìîæíî ïîâûñèòü ïðåäåë îãíå-

ñòîéêîñòè êîíñòðóêöèè äî 90 ìèí è áîëåå ïðè òîë-

ùèíå ïîêðûòèÿ 4–5 ìì [2]. Îäíàêî â ñîîòâåòñòâèè ñ

íîðìàòèâíûìè òðåáîâàíèÿìè è ïðàêòèêîé ïîæàðî-

òóøåíèÿ ïðåäåë îãíåñòîéêîñòè äîëæåí áûòü åùå

âûøå (120 ìèí è áîëåå). Â ñâÿçè ñ ýòèì ïåðåä èññëå-

äîâàòåëÿìè ñòîÿò ñëîæíûå çàäà÷è êàê ïî ñîâåðøåí-

ñòâîâàíèþ ñóùåñòâóþùèõ ñîñòàâîâ, òàê è ïî ðàçðà-

áîòêå íîâûõ, áîëåå ýôôåêòèâíûõ îãíåçàùèòíûõ êîì-

ïîçèöèé.

Èñïûòàíèÿ íà îãíåçàùèòíóþ ýôôåêòèâíîñòü ðàç-

ëè÷íûõ ïî ñâîåé õèìè÷åñêîé ïðèðîäå îãíåçàùèò-

íûõ ïîêðûòèé ïðîâîäÿòñÿ â ñîîòâåòñòâèè ñ ÃÎÑÒ

53295–2009. Îäíàêî ýòî òðåáóåò íàëè÷èÿ ñëîæíîé

óñòàíîâêè, áîëüøèõ ôèíàíñîâûõ çàòðàò è çà÷àñòóþ

ïðîñòî íåäîñòóïíî. Ìíîãèå õàðàêòåðèñòèêè îãíå-

çàùèòíûõ ñîñòàâîâ, âëèÿþùèå íà îãíåçàùèòíóþ ýô-

ôåêòèâíîñòü, â ÷àñòíîñòè òåðìîñòîéêîñòü, õàðàêòå-

ðèçóþùàÿñÿ ïîòåðåé ìàññû è âåëè÷èíîé êîêñîâîãî

èëè çîëüíîãî îñòàòêà, à òàêæå ãîðþ÷åñòü (âåëè÷èíà

ýêçîòåðìè÷åñêîãî ýôôåêòà òåðìîîêèñëèòåëüíîé äå-

ñòðóêöèè) îãíåçàùèòíûõ êîìïîçèöèé, ìîãóò áûòü

îïðåäåëåíû ñ ïîìîùüþ ìåòîäà òåðìè÷åñêîãî àíà-

ëèçà. Îñíîâíûìè ñïîñîáàìè ïîâûøåíèÿ òåðìî-

ñòîéêîñòè, ñíèæåíèÿ ãîðþ÷åñòè è, êàê ñëåäñòâèå,

ïîâûøåíèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè ïîëè-

ìåðíûõ âñïó÷èâàþùèõñÿ ñîñòàâîâ ÿâëÿþòñÿ: äîïîë-

íèòåëüíîå ââåäåíèå â ïîëèìåðíóþ ìàòðèöó ïîëè-

ìåðíîé äîáàâêè, òðàíñôîðìèðóþùåéñÿ ïðè âîç-

äåéñòâèè âûñîêèõ òåìïåðàòóð â ïîëèìåðíûå öåïè

ïîëèàðèëåíîâ, ïîñëå êîíäåíñàöèè êîòîðûõ îáðàçó-

åòñÿ êîêñ [3]; ââåäåíèå èíãèáèòîðîâ ãàçîôàçíûõ ðå-

àêöèé ãîðåíèÿ [4]; ïðèìåíåíèå àíòèïèðåíîâ, ýô-

ôåêòèâíîñòü êîòîðûõ çíà÷èòåëüíî ïîâûøàåòñÿ â

ðåçóëüòàòå îáðàçîâàíèÿ àêòèâíûõ ÷àñòèö â øèðî-

êîì èíòåðâàëå òåìïåðàòóð, ñîâïàäàþùåì ñ òåìïå-

ðàòóðàìè ðàçëîæåíèÿ áîëüøîãî ÷èñëà ïîëèìåðîâ

[3–5]; ââåäåíèå íàïîëíèòåëåé (àëþìîñèëèêàòîâ,

ãðàôèòà), ñíèæàþùèõ ãîðþ÷åñòü ïîëèìåðíîé èíòó-

ìåñöåíòíîé êîìïîçèöèè [6, 7]; ïðèìåíåíèå òàêèõ ñòà-

áèëèçàòîðîâ, êàê ñèëèêàòû [8, 9], îðãàíîñèëîêñàíû

è ïîëèîðãàíîñèëîêñàíû, ïðè òåðìîëèçå êîòîðûõ

îáðàçóåòñÿ êåðàìè÷åñêîå ïîêðûòèå [3]; ââåäåíèå ñî-

åäèíåíèé, óìåíüøàþùèõ âûõîä ãàçîîáðàçíûõ ïðî-

äóêòîâ äåñòðóêöèè è íàïðàâëÿþùèõ ïðîöåññ äå-

ñòðóêöèè ïî ïóòè îáðàçîâàíèÿ êîêñà [10]; ïðèìå-
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íåíèå äîáàâîê, âëèÿþùèõ íà òåïëîåìêîñòü è òåïëî-

ïðîâîäíîñòü ëèáî ðàçëàãàþùèõñÿ ñ ïîãëîùåíèåì

òåïëà [3, 10]; äîïîëíèòåëüíîå àðìèðîâàíèå (ñòåê-

ëîâîëîêíîì, áàçàëüòîâûì âîëîêíîì, ìóëëèòîêðåì-

íåçåìíîé âàòîé è äð.) [11, 12]. Îäíàêî ïîèñê íàèáî-

ëåå ýôôåêòèâíîé ðåöåïòóðû äëÿ êàæäîé êîíêðåòíîé

îãíåçàùèòíîé êîìïîçèöèè ÿâëÿåòñÿ èíäèâèäóàëü-

íîé è äîñòàòî÷íî ñëîæíîé çàäà÷åé. Ïðè ñîâåðøåí-

ñòâîâàíèè îãíåçàùèòíûõ ìàòåðèàëîâ íåîáõîäèìî

ó÷èòûâàòü, ÷òî ââåäåíèå ðàçëè÷íûõ äîáàâîê, ïîâû-

øàþùèõ òåðìîñòîéêîñòü, çà÷àñòóþ ïðèâîäèò ê ñíè-

æåíèþ êîýôôèöèåíòà âñïó÷èâàíèÿ èíòóìåñöåíò-

íîé êîìïîçèöèè.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ àíàëèç îãíå-

çàùèòíûõ ñîñòàâîâ èíòóìåñöåíòíîãî òèïà ðàçëè÷-

íîé õèìè÷åñêîé ïðèðîäû è ïîèñê âîçìîæíûõ ñïî-

ñîáîâ ïîâûøåíèÿ èõ òåðìîñòîéêîñòè, ñíèæåíèÿ

ãîðþ÷åñòè è, êàê ñëåäñòâèå, ïîâûøåíèÿ îãíåçàùèò-

íîé ýôôåêòèâíîñòè.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé

Èññëåäîâàíèå îáðàçöîâ îãíåçàùèòíûõ ìàòåðè-

àëîâ ïðîâîäèëè ìåòîäîì ñèíõðîííîãî òåðìè÷åñêî-

ãî àíàëèçà (Nietzsch SÒÀ 449 F5 Jupiter®) â ïëàòè-

íîâûõ òèãëÿõ â èíòåðâàëå òåìïåðàòóð 25–900 °Ñ,

ñî ñêîðîñòüþ íàãðåâà 20 °C/ìèí. Ôîðìà îáðàçöà —

äèñê äèàìåòðîì 5 ìì, òîëùèíîé 0,2 ìì è ìàññîé

5–6 ìã.

Â õîäå êîìïëåêñíîãî òåðìè÷åñêîãî àíàëèçà èñ-

ñëåäîâàëèñü îáðàçöû îãíåçàùèòíûõ ìàòåðèàëîâ

èíòóìåñöåíòíîãî òèïà ðàçëè÷íîé õèìè÷åñêîé ïðè-

ðîäû ðàçíûõ ïðîèçâîäèòåëåé: îãíåçàùèòíûé ñîñòàâ

À1 ïðåäñòàâëÿë ñîáîé îðãàíîðàçáàâëÿåìóþ àêðè-

ëîâóþ êîìïîçèöèþ, Â2 — âîäíî-äèñïåðñíóþ âè-

íèëàöåòàòíóþ êðàñêó, Ý3 — îðãàíîðàçáàâëÿåìóþ

ýïîêñèäíóþ êîìïîçèöèþ, Ä4 — êðàñêó íà îñíîâå

îðãàíè÷åñêîãî ðàñòâîðèòåëÿ.

Ðåçóëüòàòû èññëåäîâàíèé
è èõ îáñóæäåíèå

Òåðìîãðàììû àíàëèçèðóåìûõ îãíåçàùèòíûõ ñî-

ñòàâîâ â èíåðòíîé ñðåäå àðãîíà è â àòìîñôåðå âîç-

äóõà ïðåäñòàâëåíû íà ðèñ. 1–8. Ðåçóëüòàòû, ïîëó-

÷åííûå ïîñëå îáðàáîòêè ýêñïåðèìåíòàëüíûõ êðè-

âûõ ñ ïîìîùüþ ïðîãðàììíîãî îáåñïå÷åíèÿ Proteus,

ïðåäñòàâëåíû â òàáë. 1.

Òåðìîãðàììû îãíåçàùèòíûõ ñîñòàâîâ èíòóìåñ-

öåíòíîãî òèïà õàðàêòåðèçóþòñÿ êîìïëåêñîì ïîñëå-

äîâàòåëüíûõ ýíäî- è ýêçîïèêîâ è ïîñòåïåííîé ïî-

òåðåé ìàññû â øèðîêîì èíòåðâàëå òåìïåðàòóð. Òåð-

ìîãðàììû îãíåçàùèòíûõ ñîñòàâîâ, ïîëó÷åííûå â

àòìîñôåðå âîçäóõà, îòëè÷àþòñÿ îò òåðìîãðàìì, ïîëó-

÷åííûõ â àðãîíå, íàëè÷èåì ÿðêî âûðàæåííûõ ýêçî-

òåðìè÷åñêèõ ïèêîâ (îñîáåííî äëÿ îáðàçöîâ Â2 è Ý3),

ñâèäåòåëüñòâóþùèõ î ïðîòåêàíèè ïðîöåññà îêèñ-

ëåíèÿ (ãîðåíèÿ) îáðàçîâàâøèõñÿ ïåíîêîêñîâ.

Òåìïåðàòóðû ìàêñèìóìîâ íà êðèâûõ äèôôåðåí-

öèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ-ïèêîâ) â îêèñ-

ëèòåëüíîé ñðåäå ñìåùåíû â îáëàñòü ìåíüøèõ çíà-

÷åíèé (çà èñêëþ÷åíèåì îáðàçöà Ä4), ò. å. â ïðèñóò-

ñòâèè êèñëîðîäà âîçäóõà ïðîöåññ èíòóìåñöåíöèè

íà÷èíàåòñÿ ðàíüøå (ïðè ìåíüøèõ òåìïåðàòóðàõ).

Ðèñ. 1. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà À1 â àòìîñôåðå àðãîíà

Fig. 1. Thermogram of fire-retardant material A1 in an argon atmosphere
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Ñêîðîñòü ïîòåðè ìàññû â îêèñëèòåëüíîé ñðåäå íà

6–15 % âûøå, ÷åì â èíåðòíîé, ÷òî ñâèäåòåëüñòâóåò

î ïðîòåêàíèè íå òîëüêî ïðîöåññà òåðìîäåñòðóêöèè,

íî è òåðìîîêèñëèòåëüíîé äåñòðóêöèè êîìïîíåíòîâ

èíòóìåñöåíòíûõ êîìïîçèöèé. Íàèáîëüøàÿ ñêîðîñòü

ïîòåðè ìàññû è, ñîîòâåòñòâåííî, ìàêñèìàëüíàÿ èí-

òåíñèâíîñòü ïðîöåññà èíòóìåñöåíöèè ñ âûäåëåíè-

åì ãàçîâ è îáðàçîâàíèåì ïåíîêîêñà íàáëþäàåòñÿ â

èíòåðâàëå òåìïåðàòóð 300–410 °Ñ. Ñàìîé âûñîêîé

ñêîðîñòüþ ïîòåðè ìàññû îòëè÷àåòñÿ îáðàçåö Â2,

÷òî ñâèäåòåëüñòâóåò î âûäåëåíèè áîëüøîãî êîëè÷å-

ñòâà ãàçîâ â õîäå òåðìîîêèñëèòåëüíîé äåñòðóêöèè

îãíåçàùèòíîé êîìïîçèöèè. Ýòîò æå ìàòåðèàë õà-

ðàêòåðèçóåòñÿ ñàìûì íèçêèì êîêñîâûì îñòàòêîì,

Ðèñ. 3. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Ý3 â àòìîñôåðå àðãîíà

Fig. 3. Thermogram of the ire-retardant material E3 in an argon atmosphere

Ðèñ. 2. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Â2 â àòìîñôåðå àðãîíà

Fig. 2. Thermogram of fire-retardant material V2 in an argon atmosphere
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÷òî ñâèäåòåëüñòâóåò î åãî íèçêîé òåðìîñòîéêîñòè.

Äëÿ óìåíüøåíèÿ ñêîðîñòè ïîòåðè ìàññû è ñòðóêòó-

ðèðîâàíèÿ îáðàçóþùåãîñÿ ïåíîêîêñà ñàìûì ïðîñ-

òûì è äåøåâûì ñïîñîáîì åãî ñîâåðøåíñòâîâàíèÿ

ìîæåò ñòàòü ïðèìåíåíèå èíåðòíûõ íàïîëíèòåëåé è

àðìèðîâàíèå îãíåçàùèòíîé êîìïîçèöèè, ÷òî, âåðî-

ÿòíî, ïðèâåäåò ê íåêîòîðîìó ñíèæåíèþ êîýôôèöè-

åíòà âñïó÷èâàíèÿ. Ðàçóìíûé áàëàíñ ìîæåò áûòü íàé-

äåí ïîäáîðîì îïòèìàëüíîãî ñîäåðæàíèÿ äîáàâêè.

Àíàëèç ÄÒÃ-êðèâûõ â îêèñëèòåëüíîé ñðåäå ïî-

çâîëèë òàêæå îïðåäåëèòü òåìïåðàòóðû íà÷àëà âñïó-

÷èâàíèÿ èññëåäóåìûõ ìàòåðèàëîâ: äëÿ îáðàçöîâ Â2

è Ä4 — 210 °Ñ, äëÿ îáðàçöîâ À1 è Ý3 — 220 °Ñ. Äëÿ

ýôôåêòèâíîé îãíåçàùèòû, îñîáåííî â óñëîâèÿõ óã-

Ðèñ. 5. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà À1 â àòìîñôåðå âîçäóõà

Fig. 5. Thermogram of fire-retardant material A1 in air atmosphere

Ðèñ. 4. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Ä4 â àòìîñôåðå àðãîíà

Fig. 4. Thermogram of fire-retardant material D4 in an argon atmosphere
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ëåâîäîðîäíîãî ïîæàðà, öåëåñîîáðàçíî ïîíèæåíèå

òåìïåðàòóðû íà÷àëà âñïó÷èâàíèÿ, ÷òîáû îãíåçàùèò-

íûé ñîñòàâ íà÷èíàë “ðàáîòàòü” ðàíüøå, íå äîïóñêàÿ

áûñòðîãî íàãðåâà çàùèùàåìûõ êîíñòðóêöèé.

Àíàëèç ðåçóëüòàòîâ òåðìè÷åñêîãî àíàëèçà ñâè-

äåòåëüñòâóåò î äîñòàòî÷íî âûñîêèõ çíà÷åíèÿõ êîê-

ñîâîãî îñòàòêà (28–42 %), îñîáåííî äëÿ îáðàçöà Ý3.

Çîëüíûé îñòàòîê äëÿ âñåõ àíàëèçèðóåìûõ ìàòåðèà-

ëîâ, êàê è ñëåäîâàëî îæèäàòü, èìååò íåñêîëüêî ìåíü-

øèå çíà÷åíèÿ, ÷òî ãîâîðèò â ïîëüçó ïðîòåêàíèÿ ïðî-

öåññà îêèñëåíèÿ (ãîðåíèÿ) àíàëèçèðóåìûõ îãíå-

çàùèòíûõ êîìïîçèöèé â îêèñëèòåëüíîé ñðåäå. Íàè-

áîëüøàÿ ðàçíèöà ìåæäó ÊÎ è ÇÎ òàêæå õàðàêòåðíà

äëÿ îáðàçöà Ý3, ïðåäñòàâëÿþùåãî ñîáîé îðãàíîðàç-

áàâëÿåìóþ ýïîêñèäíóþ êîìïîçèöèþ, ÷òî âïîëíå

çàêîíîìåðíî, ïîñêîëüêó ýïîêñèäíûå ïîëèìåðû ÿâ-

Ðèñ. 6. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Â2 â àòìîñôåðå âîçäóõà

Fig. 6. Thermogram of fire-retardant material B2 in air atmosphere

Ðèñ. 7. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Ý3 â àòìîñôåðå âîçäóõà

Fig. 7. Thermogram of fire-retardant material E3 in air atmosphere
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ëÿþòñÿ ãîðþ÷èìè ìàòåðèàëàìè. Ãîðþ÷åñòü ýïîêñèä-

íûõ ñìîë îáóñëîâëåíà òåì, ÷òî ïðîäóêòàìè òåðìî-

äåñòðóêöèè ÿâëÿþòñÿ ëåòó÷èå ïðîäóêòû, ñîäåðæà-

ùèå çíà÷èòåëüíîå êîëè÷åñòâî ãîðþ÷èõ ñîåäèíåíèé

(îêñèä óãëåðîäà, àöåòîí, ôîðìàëüäåãèä, àöåòàëüäå-

ãèä) [10, 13, 14]. Òàêèì îáðàçîì, äëÿ ïîâûøåíèÿ îãíå-

çàùèòíîé ýôôåêòèâíîñòè ýïîêñèäíîé êîìïîçèöèè,

ïî ìíåíèþ àâòîðîâ ñòàòüè, öåëåñîîáðàçíî ââåäåíèå

êîìïîíåíòîâ, ñíèæàþùèõ ãîðþ÷åñòü ýòîãî ìàòå-

ðèàëà, íàïðèìåð ìèíåðàëüíûõ íàïîëíèòåëåé, äîáà-

âîê, ïîâûøàþùèõ òåïëîåìêîñòü è óìåíüøàþùèõ

òåïëîïðîâîäíîñòü ìàòåðèàëà, à òàêæå ïðèìåíåíèå

àíòèïèðåíîâ. Íàèáîëåå ýôôåêòèâíûìè äëÿ ýïîêñèä-

íûõ ñìîë ÿâëÿþòñÿ ôîñôîðñîäåðæàùèå àíòèïèðåíû,

ââåäåíèå êîòîðûõ (5–6 % ìàññ.) [12, 14–16] ïðèâî-

äèò ê áîëåå èíòåíñèâíîìó îáðàçîâàíèþ êàðáîíè-

çîâàííîãî ñëîÿ [17, 18]. Â êà÷åñòâå òàêèõ àíòèïè-

ðåíîâ èñïîëüçóþòñÿ ñàìûå ðàçíîîáðàçíûå ñîåäè-

íåíèÿ, íà÷èíàÿ îò êðàñíîãî ôîñôîðà è çàêàí÷èâàÿ

ôîñôîðñîäåðæàùèìè ïîëèýôèðàìè è ïîëèôîñôàçå-

íàìè [10, 19]. Ôîñôîíàòû òàêæå âûïîëíÿþò ôóíê-

öèþ äûìîïîäàâèòåëåé äëÿ ýïîêñèäíûõ ïîëèìåðîâ.

Êîä îáðàçöà

Sample Code

ÊÎ�ÇÎ, %

CR�AR, %

ÒÄÒÃ max, °Ñ

ÒDTG max, °Ñ

�ÄÒÃ max, %/ìèí

�DTG max, %/min

�Qýíäîïèêîâ, Äæ/ã

�Qendo peaks, J/g

�Qýêçîïèêîâ, Äæ/ã

�Qexo peaks, J/g

1 2 3 4 5 6

À1 42,14�34,3 410,8/398,3 4,89/5,75 –1065,5/–573,13 –/1039,8

Â2 28,62/25,93 356,4/345,3 8,46/8,30 –264,6/–219,1 416,6/4896,0

Ý3 45,40/33,74 332,6/323,8 4,18/4,51 –167,1/–195,9 2003,0/2661,9

Ä4 33,25/28,71 299,4/313,4 6,10/6,47 –282,1/–253,1 884,8/2582,0

Ï ð è ì å ÷ à í è ÿ : 1. ÊÎ, ÇÎ — êîêñîâûé è çîëüíûé îñòàòêè ïðè òåìïåðàòóðå 900 °Ñ; ÒÄÒÃ max — òåìïåðàòóðà íàèáîëüøåãî

ÄÒÃ-ìàêñèìóìà; �ÄÒÃ max — ñêîðîñòü ïîòåðè ìàññû íàèáîëüøåãî ÄÒÃ-ìàêñèìóìà; �qýíäîïèêîâ — ñóììàðíûé ýíäîòåðìè÷å-

ñêèé ýôôåêò òåðìî- è òåðìîîêèñëèòåëüíîé äåñòðóêöèè, à òàêæå ôàçîâûõ ïåðåõîäîâ êîìïîíåíòîâ îãíåçàùèòíîãî ìàòåðèàëà;

�qýêçîïèêîâ — ñóììàðíûé ýêçîòåðìè÷åñêèé ýôôåêò òåðìî- è òåðìîîêèñëèòåëüíîé äåñòðóêöèè êîìïîíåíòîâ îãíåçàùèòíîãî

ìàòåðèàëà.

2. Íàä ÷åðòîé ïðèâîäÿòñÿ äàííûå òåðìè÷åñêîãî àíàëèçà â èíåðòíîé ñðåäå àðãîíà, ïîä ÷åðòîé — â ñðåäå âîçäóõà.

N o t e s : 1. CR, AR — coke and ash residues at a temperature of 900 °C; ÒDTG max — temperature most DTG-maximum; �DTG max —

speed weight loss most DTG maximum;�Qendo peaks — the total endothermic effect of thermal and thermo-oxidative degradation, and

phase transitions of the components of the flame retardant material; �Qexo eaks — the total exothermic effect of the thermal and

thermo-oxidative degradation of the components of the flame retardant material.

2. Above the line indicates data of thermal analysis in an inert atmosphere of argon, below the line — in air.

Òàáëèöà 1. Ðåçóëüòàòû àíàëèçà îãíåçàùèòíûõ ñîñòàâîâ ìåòîäîì ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà

Table 1. Results of the analysis of flame retardants by the method of synchronous thermal analysis

Ðèñ. 8. Òåðìîãðàììà îãíåçàùèòíîãî ìàòåðèàëà Ä4 â àòìîñôåðå âîçäóõà

Fig. 8. Thermogram of fire-retardant material D4 in air atmosphere
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Â êà÷åñòâå âñïó÷èâàþùåãî àãåíòà äëÿ îãíåñòîéêîé

êîìïîçèöèè íà îñíîâå ýïîêñèäíîé äèàíîâîé ñìîëû

ìîæíî èñïîëüçîâàòü áèñóëüôàò ãðàôèòà, êîòîðûé

ïðåäñòàâëÿåò ñîáîé ýëåêòðîëèòè÷åñêîå ñîåäèíåíèå

âíåäðåíèÿ ãðàôèòà [10].

Íåîáõîäèìî çàìåòèòü, ÷òî ýïîêñèäíûå îãíåçà-

ùèòíûå êîìïîçèöèè îáëàäàþò ðÿäîì âàæíûõ êà-

÷åñòâ, îñîáåííî öåííûõ ïðè îãíåçàùèòå ìåòàëëî-

êîíñòðóêöèé íà îáúåêòàõ íåôòåãàçîâîãî êîìïëåêñà:

õîðîøèå àíòèêîððîçèííûå õàðàêòåðèñòèêè, âîäî-

è õåìîñòîéêîñòü, ïðåâîñõîäíàÿ àäãåçèÿ ê ìåòàë-

ëàì, âûñîêàÿ òåðìîñòîéêîñòü, óñòîé÷èâîñòü ê àã-

ðåññèâíûì ñðåäàì è âîçäåéñòâèþ àòìîñôåðíûõ

óñëîâèé [20].

Ïî ðåçóëüòàòàì îïðåäåëåíèÿ êîêñîâîãî îñòàòêà

â èíåðòíîé ñðåäå ïðè òåìïåðàòóðå 895 °Ñ áûë ðàñ-

ñ÷èòàí êèñëîðîäíûé èíäåêñ (ÊÈ) îãíåçàùèòíûõ

êîìïîçèöèé ïî ôîðìóëå Âàí-Êðåâåëåíà:

ÊÈ = 17,5 + 0,4ÊÎ,

ãäå ÊÎ — êîêñîâûé îñòàòîê, îïðåäåëåííûé ïðè

òåìïåðàòóðå 895 °Ñ.

Ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû â òàáë. 2.

Ðàññ÷èòàííûå ïî ôîðìóëå Âàí-Êðåâåëåíà çíà-

÷åíèÿ êèñëîðîäíîãî èíäåêñà íå ÿâëÿþòñÿ ñòðîãèìè

è åäèíñòâåííûìè êðèòåðèÿìè ãîðþ÷åñòè ðàññìàò-

ðèâàåìûõ îãíåçàùèòíûõ ìàòåðèàëîâ, à ñëóæàò ëèøü

â êà÷åñòâå ñðàâíèòåëüíîé îöåíêè èõ ãîðþ÷åñòè. ×åì

âûøå ÊÈ, òåì âûøå òåìïåðàòóðà âîñïëàìåíåíèÿ,

íèæå ãîðþ÷åñòü è â íåêîòîðîé ñòåïåíè âûøå òåðìî-

ñòîéêîñòü àíàëèçèðóåìîãî ìàòåðèàëà. Íàèëó÷øèå

ðåçóëüòàòû ïî òåðìîñòîéêîñòè ïîêàçàëè îáðàçöû

Ý3 (ýïîêñèäíàÿ êîìïîçèöèÿ) è À1 (àêðèëîâàÿ êîì-

ïîçèöèÿ).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, òåðìè÷åñêèé àíàëèç îãíåçàùèò-

íûõ âñïó÷èâàþùèõñÿ ìàòåðèàëîâ ðàçëè÷íîé õèìè-

÷åñêîé ïðèðîäû ïîêàçàë, ÷òî íàèëó÷øèå ïîêàçàòå-

ëè ïî òåðìîñòîéêîñòè èìåþò ñîñòàâû À1 è Ý3, íàè-

õóäøèå — ñîñòàâ Â2. Äëÿ ïîâûøåíèÿ òåðìîñòîéêî-

ñòè ìàòåðèàëà Â2 öåëåñîîáðàçíî äîïîëíèòåëüíîå

ââåäåíèå ñòàáèëèçàòîðîâ (íàïðèìåð, êðåìíèéîðãà-

íè÷åñêèõ ñîåäèíåíèé) è àíòèïèðåíîâ, à òàêæå àðìè-

ðîâàíèå ñîñòàâà ñ èñïîëüçîâàíèåì ñòåêëîâîëîêíà,

áàçàëüòîâîãî âîëîêíà, ìóëëèòîêðåìíåçåìíîé âàòû

è äðóãèõ æàðîñòîéêèõ âîëîêíèñòûõ ìàòåðèàëîâ. Äëÿ

ñîâåðøåíñòâîâàíèÿ ýïîêñèäíîé êîìïîçèöèè öåëå-

ñîîáðàçíî ââåäåíèå êîìïîíåíòîâ, ñíèæàþùèõ ãî-

ðþ÷åñòü ýòîãî ìàòåðèàëà, íàïðèìåð ìèíåðàëüíûõ

íàïîëíèòåëåé (êàðáîíàòà êàëüöèÿ, àëþìîñèëèêàòîâ,

âîëëàñòîíèòà, òðèãèäðàòà àëþìèíèÿ), à òàêæå êîì-

ïîíåíòîâ ñ âûñîêîé òåïëîåìêîñòüþ èëè âûäåëÿ-

þùèõ ïðè òåðìîäåñòðóêöèè óãëåêèñëûé ãàç, èìå-

þùèé âûñîêóþ òåïëîåìêîñòü. Äëÿ âñåõ ïðîàíà-

ëèçèðîâàííûõ îãíåçàùèòíûõ êîìïîçèöèé ìîæíî

ðåêîìåíäîâàòü ââåäåíèå äîïîëíèòåëüíûõ êîìïî-

íåíòîâ äëÿ ñíèæåíèÿ òåìïåðàòóðû íà÷àëà âñïó÷è-

âàíèÿ.

Óíèâåðñàëüíûõ àíòèïèðåíîâ, ñòàáèëèçàòîðîâ

èëè àðìèðóþùèõ êîìïîíåíòîâ è óíèâåðñàëüíîãî

ñîäåðæàíèÿ ýòèõ äîáàâîê íå ñóùåñòâóåò. Äëÿ êàæ-

äîãî ñîñòàâà âñå èíäèâèäóàëüíî è òðåáóåò ïðîâåäå-

íèÿ áîëüøîãî îáúåìà äîïîëíèòåëüíûõ èññëåäîâà-

íèé. Êðîìå òîãî, ïðè ðàçðàáîòêå îãíåçàùèòíûõ ñî-

ñòàâîâ äëÿ íåôòåãàçîâîãî êîìïëåêñà èññëåäîâàíèÿ

äîëæíû ïðîâîäèòüñÿ â áîëåå øèðîêîì èíòåðâàëå

òåìïåðàòóð, ñîîòâåòñòâóþùåì òåìïåðàòóðíîìó ðå-

æèìó óãëåâîäîðîäíîãî ïîæàðà.
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ABSTRACT

The aim of this work was the analysis of intumescent flame retardants of different chemical nature

and finding possible ways to improve their flame retardant efficiency. The study of samples of flame

retardant materials was performed by the method of synchronous thermal analysis (Nietzsch TO 449

F5 Jupiter®) in an inert atmosphere of argon and in air. During the integrated thermal analysis

specimens flame retardant materials of intumescent type of different chemical nature were studied:

acrylic organosoluble composition, water-dispersed vinyl acetate paint, organosoluble epoxy

composition, a paint based on an organic solvent.

The thermograms of flame retardants, obtained in air atmosphere, different from the thermograms

in argon. We can see the presence of pronounced exothermic peaks showing the flow of a process of

oxidation (combustion) resulting proconsul.

Temperatures of the maxima on the curves of differential thermogravimetry (DTG peaks) in

an oxidizing atmosphere is displaced in area of smaller values of temperatures. The temperature of the

start of expansion of the analyzed materials was 210–220 °C. The rate of loss of mass in an oxidizing

atmosphere at 6–15 % higher than in inert. The highest rate of mass loss and, accordingly, the highest

intensity of the process of intumescence with the release of gases and formation of foam coke is

observed in the temperature range of 300–410 °C. The highest rate of weight loss is shown in water-

dispersible vinyl acetate paint, indicating the release of large amounts of gases during the thermal

oxidative degradation of flame retardant composition. This material has the lowest value of the coke

residue, which is a measure of thermal resistance of foamcoke. Analysis of the results of thermal

analysis indicates a relatively high value of the coke residue (28–42 %), especially for organo-diluted

epoxy composition.

Thus, thermal analysis of intumescent formulations of different chemical nature showed that

the fire retardant effectiveness of the best performance are characterized by acrylic and epoxy compo-

sition, the worst — water-dispersible vinyl acetate paint. To improve fire resistance performance of

the material of the water-dispersed vinyl acetate paint is expedient the introduction of additional

stabilizers (e. g., silicon containing compounds) and flame retardants, as well as reinforcement of

the structure using an optical fiber, basalt fiber, carbon fiber, mullite-silica wool and other heat

resistant fibrous materials. For improved epoxy composition of the feasibility of introducing compo-

nents that reduce the flammability of the material, for example, mineral fillers (calcium carbonate,

aluminosilicates, graphite, aluminum trihydrate), components with high heat capacity. For all

the analyzed flame retardant materials it is possible to recommend the introduction of additional

components to reduce the onset temperature of expansion.

Keywords: intumescent flame retardants; metal construction; simultaneous thermal analysis; com-

bustion; coke residue; oxygen index; flame retardants; stabilization; reinforcement.
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