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Ââåäåíèå

Æèäêèå ñðåäû ïðåîáëàäàþò â ïðèðîäå è îáû÷íî

ñ÷èòàþòñÿ ïðîìåæóòî÷íûì ñîñòîÿíèåì âåùåñòâà

ìåæäó ãàçîì è òâåðäûì òåëîì. Â ÷èñòîì âèäå æèä-

êîñòè ïðàêòè÷åñêè íå âñòðå÷àþòñÿ, à ÷àùå âñåãî

ïðåäñòàâëÿþò ñîáîé ðàñòâîðû è ñóñïåíçèè. Îñíîâ-

íûìè ôèçè÷åñêèìè ñâîéñòâàìè, îïðåäåëÿþùèìè õà-

ðàêòåðèñòèêè æèäêîñòåé, ÿâëÿþòñÿ èõ âÿçêîñòü, òå-

êó÷åñòü, ñìà÷èâàíèå, äèôôóçèÿ, òåïëîïðîâîäíîñòü,

ýëåêòðîïðîâîäíîñòü è ðÿä äðóãèõ ñâîéñòâ.

Ñîãëàñíî ÃÎÑÒ Ð 12.3.047–2012 ïðè îöåíêå ïî-

æàðíîé îïàñíîñòè òåõíîëîãè÷åñêîãî ïðîöåññà, íà-

ðÿäó ñ äðóãèìè ïîêàçàòåëÿìè, íåîáõîäèìî ó÷èòû-

âàòü èíòåíñèâíîñòü èñïàðåíèÿ ãîðþ÷èõ âåùåñòâ è

ìàòåðèàëîâ, ïàðàìåòðû èñòå÷åíèÿ äëÿ æèäêîñòåé

è ãàçîâ, êîíöåíòðàöèîííûå ïðåäåëû ðàñïðîñòðàíå-

íèÿ ïëàìåíè äëÿ ãîðþ÷èõ ñìåñåé â òåõíîëîãè÷å-

ñêèõ àïïàðàòàõ è îáîðóäîâàíèè. Íåìàëîâàæíóþ ðîëü

ïðè îöåíêå âîçìîæíîñòè âîñïëàìåíåíèÿ âçðûâî-

îïàñíûõ ñìåñåé ëåãêîâîñïëàìåíÿþùèõñÿ (ËÂÆ) è

ãîðþ÷èõ (ÃÆ) æèäêîñòåé ïðè âîçíèêíîâåíèè ðàç-

ðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà (ÑÝ) èãðàåò âåëè-

÷èíà ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ çàçåìëèòåëÿ è

ñðåäû (ÃÎÑÒ Ð 52274–2004).

Ñïîñîáû èçìåíåíèÿ
õàðàêòåðèñòèê æèäêîñòåé

Ñóùåñòâóþùèå ñïîñîáû èçìåíåíèÿ õàðàêòåðè-

ñòèê æèäêîñòåé ìîæíî óñëîâíî ðàçäåëèòü íà áåç-

ðåàãåíòíûå è ðåàãåíòíûå. Áåçðåàãåíòíûå ñïîñîáû

ìîäèôèêàöèè ïîçâîëÿþò èçìåíèòü ôèçè÷åñêèå è

ýêñïëóàòàöèîííûå ñâîéñòâà âåùåñòâ ïðè âîçäåéñò-

âèè ýëåêòðè÷åñêèõ è ìàãíèòíûõ ïîëåé.

Âîçäåéñòâèå âûñîêî÷àñòîòíûõ ýëåêòðîìàãíèò-

íûõ ïîëåé (äî 10 êÂ�ì) óñêîðÿåò ïðîöåññû êðèñòàë-

ëèçàöèè ïàðàôèíîâ, ÷òî ñâÿçàíî ñ èçìåíåíèåì äè-

ýëåêòðè÷åñêîé ïðîíèöàåìîñòè æèäêîñòè è óêðóï-

íåíèåì êðèñòàëëîâ â ðàñòâîðå [1].

Ïðè âîçäåéñòâèè ýëåêòðè÷åñêèõ ïîëåé ñ ìàêñè-

ìàëüíûì íàïðÿæåíèåì íà ýëåêòðîäàõ 2 êÂ ïðîèñõî-
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äèò ðîñò èíòåíñèâíîñòè ìàññîïåðåíîñà â ñèñòåìàõ

æèäêîñòü – æèäêîñòü, ÷òî ìîæåò áûòü îáúÿñíåíî

èçìåíåíèåì ïîâåðõíîñòíîãî íàòÿæåíèÿ íà ãðàíèöå

ðàçäåëà ôàç. Èçìåíåíèå ïàðàìåòðîâ âçàèìíîé äèô-

ôóçèè â ñìåñè æèäêîñòåé ïðîèñõîäèò ïðè âîçäåéñò-

âèè ïîñòîÿííûõ ýëåêòðè÷åñêèõ ïîëåé ñ íàïðÿæåí-

íîñòüþ 1,4·102 êÂ�ì [2].

Âîçäåéñòâèå ýëåêòðè÷åñêîãî ïîëÿ íà æèäêèå óã-

ëåâîäîðîäíûå ñèñòåìû ñ ïîòåíöèàëîì íà ýëåêòðî-

äàõ 15–20 êÂ ïðèâîäèò ê ïîâûøåíèþ èíòåíñèâíî-

ñòè èñïàðåíèÿ çà ñ÷åò áîëåå àêòèâíîãî îáðàçîâàíèÿ

èîíîâ â äèýëåêòðè÷åñêîì ïîãðàíè÷íîì ñëîå, êîòî-

ðûé ïðåòåðïåâàåò èçìåíåíèå ïðè ýëåêòðîïîëåâîì

âîçäåéñòâèè [3].

Ïðè ìîäèôèêàöèè æèäêîñòåé óãëåðîäíûìè íà-

íîòðóáêàìè (ÓÍÒ) è äðóãèìè óãëåðîäñîäåðæàùè-

ìè íàíî÷àñòèöàìè (ðåàãåíòíûé ìåòîä) ïðîèñõîäèò

èçìåíåíèå èõ òåïëîôèçè÷åñêèõ è ýëåêòðè÷åñêèõ õà-

ðàêòåðèñòèê, êîýôôèöèåíòà âÿçêîñòè è ïîâåðõíî-

ñòíîãî íàòÿæåíèÿ. Â òàáë. 1 ïðèâåäåíû äàííûå ïî

èçìåíåíèþ ñâîéñòâ óãëåâîäîðîäíûõ æèäêîñòåé ïðè

âíåäðåíèè â íèõ íàíî÷àñòèö — ãðàôåíà, îäíîñëîé-

íûõ (SWCNT) è ìíîãîñëîéíûõ (MWCNT) ÓÍÒ.

Ìàòåðèàëû äëÿ èññëåäîâàíèé

Â èññëåäîâàíèè èñïîëüçîâàëèñü MWCNT, ïîëó-

÷åííûå ìåòîäîì êàòàëèòè÷åñêîãî ïèðîëèçà íà óñòà-

íîâêå ðîñòà ÓÍÒ “CVDomna”. Ôóíêöèîíàëèçàöèÿ

ÓÍÒ ïðîâîäèëàñü â ïðîöåññå îòæèãà â ìóôåëüíîé

ïå÷è ïðè òåìïåðàòóðå 250…300 °Ñ è ïîñëåäóþùåì

îêèñëåíèè â àçîòíîé êèñëîòå. Äëÿ êîíòðîëüíûõ èç-

ìåðåíèé âûáðàíû íåôóíêöèîíàëèçèðîâàííûå ÓÍÒ

ñî ñëåäàìè àìîðôíîãî óãëåðîäà. Â êà÷åñòâå áàçî-

âîé æèäêîñòè ïðèìåíÿëñÿ ýòèëîâûé ñïèðò (ÃÎÑÒ Ð

55878–2013).

Äàëüíåéøàÿ ìîäèôèêàöèÿ íàíîæèäêîñòåé (ÍÆ)

ïðîâîäèëàñü ïðè äèñïåðãèðîâàíèè ÓÍÒ â ñðåäå ýòà-

íîëà â óëüòðàçâóêîâîé âàííå ñ ÷àñòîòîé 100 êÃö â

óñëîâèÿõ âîçäåéñòâèÿ ïåðåìåííîãî ÷àñòîòíî-ìîäó-

ëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ) [8].

Èññëåäîâàíèå ÓÍÒ ìåòîäàìè
àòîìíî-ñèëîâîé ìèêðîñêîïèè (ÀÑÌ)

è ðàìàíîâñêîé ñïåêòðîñêîïèè

Îáðàçöû æèäêîñòè ñ ÓÍÒ ïîìåùàëèñü íà ñëþ-

äÿíóþ ïîäëîæêó, íà êîòîðîé ýòàíîë èñïàðÿëñÿ â òå-

÷åíèå 10 ìèí ïðè íîðìàëüíûõ óñëîâèÿõ. Çàòåì ïðî-

âîäèëîñü êîìáèíèðîâàííîå èññëåäîâàíèå ñòðóêòóðû

ïîäëîæêè ìåòîäàìè ÀÑÌ è ðàìàíîâñêîé ñïåêòðî-

ñêîïèè.

Íà ðèñ. 1 ïðèâåäåíû ðåçóëüòàòû ÀÑÌ îáðàçöîâ

ÓÍÒ íà ñëþäÿíîé ïîäëîæêå. Èç ðèñ. 1 âèäíî, ÷òî íå-

ôóíêöèîíàëèçèðîâàííûå ÓÍÒ ñîäåðæàò áîëüøîå êî-

ëè÷åñòâî àìîðôíîãî óãëåðîäà, ÿâëÿþùåãîñÿ ïîáî÷-

íûì ïðîäóêòîì ïðè ïîëó÷åíèè íàíîòðóáîê. Ôóíê-

öèîíàëèçèðîâàííûå ÓÍÒ ïðåäñòàâëÿþò ñîáîé ïðî-

òÿæåííûå öèëèíäðè÷åñêèå ñòðóêòóðû (d = 30 íì,

l = 2…5 ìêì).

Ðàìàíîâñêèå ñïåêòðû ÓÍÒ íà ñëþäå (äëèíà âîë-

íû ëàçåðà 532 íì), íåôóíêöèîíàëèçèðîâàííûõ è î÷è-

ùåííûõ îò àìîðôíîãî óãëåðîäà, ïðåäñòàâëåíû íà

ðèñ. 2. Õàðàêòåðíîé äëÿ ÓÍÒ ÿâëÿåòñÿ D-ïîëîñà â

îáëàñòè 1250…1450 ñì–1, õàðàêòåðèçóþùàÿ äåôåêò-

íîñòü îáðàçöà, à òàêæå G-ïîëîñà, íàëè÷èå êîòîðîé

¹

ï�ï
Èñòî÷íèê Áàçîâàÿ æèäêîñòü Õàðàêòåðèñòèêà íàíî÷àñòèö

Ñâîéñòâà íàíîæèäêîñòè
â ñðàâíåíèè ñ áàçîâîé

1 Yu W., Xie H.,
Chen W. [4]

1,2-ïðîïèëåí
ãëèêîëü (PG)

5 % îá. îêñèäà ãðàôåíà (0,5…3 ìêì), äèñïåðãè-
ðîâàíèå óëüòðàçâóêîì (40 êÃö)

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè íà 62 %

Æèäêèå ïàðà-
ôèíû (LP)

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè íà 76,8 %

2 Yu W.,
France D. M.,
Routbort J. L.,
Choi S. [5]

Ïîëèàëüôà-
îëåôèíû

0,04…1,02 % îá. MWCNT (d = 25 íì,
l = 50 ìêì), äâóõñòàäèéíîå äèñïåðãèðîâàíèå

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè â 1,02…2,57 ðàç

Ýòèëåíãëè-
êîëü (EG)

0,23…1,00 % îá. MWCNT (d = 15 íì,
l = 30 ìêì), äâóõñòàäèéíîå äèñïåðãèðîâàíèå

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè â 1,02…1,13 ðàç

Ìàøèííîå
ìàñëî

1…2 % îá. MWCNT (d = 50 íì, l = 1…100 ìêì),
â ñî÷åòàíèè ñ N-ãèäðîêñèñóêöèíèìèäîì

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè â 1,09…1,3 ðàç

Äèçåëüíîå
òîïëèâî

0,25…1 % îá. SWCNT (d = 50 íì, l = 1…100 ìêì),
äâóõñòàäèéíîå äèñïåðãèðîâàíèå

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè â 1,1…1,46 ðàç

3 Baby T. Ò., Ra-
maprabhu S. [6]

Ýòèëåíãëè-
êîëü (EG)

0,056 % îá. ãðàôåíà, (0,7…3,0 ìêì), äèñïåðãè-
ðîâàíèå óëüòðàçâóêîì (30 êÃö) ïðè T = 25…50 °Ñ

Ïîâûøåíèå òåïëîïðîâîä-
íîñòè íà 5…10 %, ýëåêòðî-
ïðîâîäíîñòè — â 3…6 ðàç

4 Ïàíèí Þ. Ï.,
Ïðèëåïî Þ. Ï.,
Òîðáà Æ. Í.,
×óéêî À. Ã. [7]

Ýòàíîë 0,5…3,0 % îá. MWCNT (d = 10…30 íì) Ïîâûøåíèå ýëåêòðîïðî-
âîäíîñòè â 2…15 ðàç

Òàáëèöà 1. Ñâîéñòâà óãëåâîäîðîäíûõ æèäêîñòåé, ìîäèôèöèðîâàííûõ óãëåðîäíûìè íàíî÷àñòèöàìè
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îáóñëîâëåíî êîëåáàíèÿìè óãëåðîäà â ïëîñêîñòè

ãðàôåíîâîãî ñëîÿ â îáëàñòè 1500…1600 ñì–1. Ñîîò-

íîøåíèå èíòåíñèâíîñòåé D�G ïîëîñ õàðàêòåðèçóåò

ñîîòíîøåíèå â îáðàçöå ìàòåðèàëîâ ñ ðàçóïîðÿäî-

÷åííîé ñòðóêòóðîé è èñïîëüçóåòñÿ äëÿ îïðåäåëåíèÿ

÷àñòîòû ÓÍÒ [9].

Ðèñ 1. ÀÑÌ íåôóíêöèîíàëèçèðîâàííûõ (à) è ôóíêöèîíàëèçèðîâàííûõ (á) ÓÍÒ íà ñëþäÿíîé ïîäëîæêå

Ðèñ. 2. Ðàìàíîâñêèå ñïåêòðû ôóíêöèîíàëèçèðîâàííûõ (1) è íåôóíêöèîíàëèçèðîâàííûõ (2) MWCNT

Ðèñ. 3. ÀÑÌ íåôóíêöèîíàëèçèðîâàííûõ (à) è ôóíêöèîíàëèçèðîâàííûõ (á) ÓÍÒ íà ñëþäÿíîé ïîäëîæêå ïðè âîçäåéñòâèè

Ï×ÌÏ
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Ïðè âîçäåéñòâèè Ï×ÌÏ ïðîèñõîäèò èçìåíåíèå

âåëè÷èíû ýëåêòðè÷åñêîãî çàðÿäà â äâîéíîì ýëåêòðè-

÷åñêîì ñëîå, ÷òî ïðèâîäèò ê îòòàëêèâàíèþ ìåæäó

íàíîêëàñòåðàìè. Â ðåçóëüòàòå ïðîèñõîäèò ïåðåîðèåí-

òàöèÿ (âûñòðàèâàíèå) ÓÍÒ âäîëü îäíîé îñè è óìåíü-

øåíèå êîëè÷åñòâà àãëîìåðàöèé ÓÍÒ â ñðàâíåíèè

ñ êîíòðîëüíûìè îáðàçöàìè (ðèñ. 3), ÷òî èñêëþ÷àåò

îäíó èç ïðè÷èí âîçíèêíîâåíèÿ ôèçèêî-õèìè÷åñêîé

àíèçîòðîïèè â ñèñòåìå ÍÆ [14].

Èññëåäîâàíèå ýëåêòðîïðîâîäíîñòè
íàíîæèäêîñòåé

Èçìåðåíèå ýëåêòðîïðîâîäíîñòè ÍÆ, ìîäèôèöè-

ðîâàííûõ MWCNT â êîíöåíòðàöèè 0,02…1,6 % îá.,

ïðîâîäèëîñü ñ ïîìîùüþ ìîñòà ïîñòîÿííîãî òîêà [11].

Â áàçîâîé æèäêîñòè ïðîèñõîäèëî äèñïåðãèðîâàíèå

ÓÍÒ â òå÷åíèå 10…15 ìèí ïðè òåìïåðàòóðå 25 °Ñ.

Çàòåì â åìêîñòü ñ ÍÆ ââîäèëè äâå ìåòàëëè÷åñêèå

ïëàñòèíû íà ðàññòîÿíèè 10 ìì äðóã îò äðóãà è ïðî-

âîäèëè èçìåðåíèå ñèëû òîêà è ðàñ÷åò ñîïðîòèâëå-

íèÿ æèäêîñòè.

Ðåçóëüòàòû èçìåðåíèé ïðåäñòàâëåíû íà ðèñ. 4.

Èç ïðîâåäåííûõ íàáëþäåíèé ìîæíî ñäåëàòü âûâîä

î ïîâûøåíèè ýëåêòðîïðîâîäíîñòè ÍÆ íà îñíîâå

MWCNT äî 2,5 ðàç äëÿ ôóíêöèîíàëèçèðîâàííûõ

ÓÍÒ è äî 1,8 ðàç — äëÿ íåôóíêöèîíàëèçèðîâàííûõ.

Ñëåäóåò îòìåòèòü, ÷òî äëÿ íåôóíêöèîíàëèçèðî-

âàííûõ ÓÍÒ àíîìàëüíûé ðîñò ýëåêòðîïðîâîäíîñòè

íàáëþäàåòñÿ ïðè êîíöåíòðàöèè äî 0,1 % îá., îäíàêî

çàòåì ïðîèñõîäèò åå ñíèæåíèå. Ìîæíî ïðåäïîëî-

æèòü, ÷òî ýòî ñâÿçàíî ñ áîëåå âûñîêîé ñêîðîñòüþ

îáðàçîâàíèÿ àãëîìåðàöèé íàíî÷àñòèö äëÿ íåôóíê-

öèîíàëèçèðîâàííûõ ÓÍÒ. Ýëåêòðè÷åñêàÿ ïðîâîäè-

ìîñòü ÍÆ ïðè íåáîëüøèõ îáúåìíûõ äîëÿõ ÓÍÒ èìå-

åò ïåðêîëÿöèîííûé õàðàêòåð, â ñîîòâåòñòâèè ñ êîòî-

ðûì íàíîòðóáêè âî âçàèìîäåéñòâèè äðóã ñ äðóãîì

îáðàçóþò â ñèñòåìå áàçîâîé æèäêîñòè ïðîâîäÿùèå

êàíàëû. Òàêèì îáðàçîì, ïðè ìàëîì ñîäåðæàíèè ïðè-

ñàäêè íåáîëüøîå îðèåíòàöèîííîå óïîðÿäî÷åíèå

ïðèâîäèò ê ïîâûøåíèþ ýëåêòðîïðîâîäíîñòè.

Â ñâîþ î÷åðåäü, ðåçêèé ðîñò ýëåêòðîïðîâîäíî-

ñòè ìîæåò õàðàêòåðèçîâàòü ïîðîã ïåðêîëÿöèè ïî òà-

êèì êà÷åñòâåííûì õàðàêòåðèñòèêàì ÓÍÒ, êàê èõ

ðàçìåðû, ÷èñòîòà, ñòåïåíü àãðåãàöèè è äð. Â ïîëó-

÷åííûõ ÍÆ âîçìîæíî îáðàçîâàíèå ïðîñòðàíñòâåí-

íîé ïðîâîäÿùåé ñòðóêòóðû, îáåñïå÷èâàþùåé ýëåêò-

ðè÷åñêèé òðàíñïîðò ïî òîííåëüíîìó ïåðåõîäó â ôèê-

ñèðóåìîé êîíöåíòðàöèè. Óâåëè÷åíèå êîíöåíòðàöèè

ÓÍÒ è ñîçäàíèå ïðîñòðàíñòâåííîãî êàðêàñà ìîãóò

ïðîÿâëÿòüñÿ â ïîâûøåíèè âÿçêîñòè ÍÆ [7].

Èññëåäîâàíèå ïîâåðõíîñòíîãî
íàòÿæåíèÿ è êèíåòèêè èçìåíåíèÿ

äàâëåíèÿ íàñûùåííîãî ïàðà
íàíîæèäêîñòåé

Èññëåäîâàíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ è êè-

íåòèêè èçìåíåíèÿ äàâëåíèÿ íàñûùåííîãî ïàðà ÍÆ

â óñëîâèÿõ ìîäèôèêàöèè MWCNT (1 %) ÓÍÒ ïðî-

âîäèëîñü â ñîîòâåòñòâèè ñ [12, 13].

Ïîâåðõíîñòíîå íàòÿæåíèå ÍÆ " ìîæåò áûòü

ðàññ÷èòàíî ïî ôîðìóëå

" � #	 gV n d( ) , (1)

ãäå � — ïëîòíîñòü æèäêîñòè, êã�ì3;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2;

g = 9,8 ì�ñ2;

V — îáúåì æèäêîñòè, ì3;

n — íàáëþäàåìîå ÷èñëî êàïåëü.

Èññëåäîâàíèå ÍÆ íà îñíîâå ýòàíîëà ñ MWCNT

ïðîâîäèëîñü â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ ñ ïà-

ðàìåòðàìè ïîòåíöèàëà 112 Â è íåñóùåé ÷àñòîòîé

50 Ãö [8].

Ìîæíî òàêæå îòìåòèòü ðîñò âðåìåíè èñòå÷åíèÿ

ÍÆ ïî ìåðå óâåëè÷åíèÿ êîíöåíòðàöèè ÓÍÒ (ðèñ. 5).

Âîçäåéñòâèå Ï×ÌÏ ïîçâîëÿåò ñîêðàòèòü âðåìÿ èñ-

òå÷åíèÿ äëÿ íåôóíêöèîíàëèçèðîâàííûõ MWCNT.

Ïðè ýòîì âðåìÿ èñòå÷åíèÿ ÍÆ íà îñíîâå ôóíêöèî-

íàëèçèðîâàííûõ MWCNT ïðè âîçäåéñòâèè Ï×ÌÏ

çàìåòíî óâåëè÷èâàåòñÿ, ÷òî ìîæåò áûòü îáóñëîâëå-

íî ðîñòîì âÿçêîñòè áàçîâîé æèäêîñòè.

Ðèñ. 4. Çàâèñèìîñòü ýëåêòðîïðîâîäíîñòè ÍÆ íà îñíîâå ýòà-

íîëà ñ ôóíêöèîíàëèçèðîâàííûìè (1) è íåôóíêöèîíàëèçèðî-

âàííûìè (2) MWCNT

Ðèñ. 5. Âðåìÿ èñòå÷åíèÿ ÍÆ $ íà îñíîâå ýòàíîëà ñ MWCNT

áåç âíåøíåãî âîçäåéñòâèÿ è â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ
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Ðåçóëüòàòû èññëåäîâàíèÿ èçìåíåíèÿ äàâëåíèÿ íà-

ñûùåííîãî ïàðà ïðåäñòàâëåíû íà ðèñ. 6. Íàáëþäà-

ëîñü ñíèæåíèå ñêîðîñòè ðîñòà äàâëåíèÿ íàñûùåí-

íîãî ïàðà ýòàíîëà â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ ïðè

äèññîöèàöèè MWCNT â ÍÆ. Ñòàáèëèçàöèÿ äàâëå-

íèÿ íàñûùåííîãî ïàðà â îáðàçöå ïðîèñõîäèëà äëÿ

ýòàíîëà ñ ÓÍÒ íà 20-é ìèíóòå, â òî âðåìÿ êàê äëÿ

êîíòðîëüíîãî îáðàçöà — íà 40-é ìèíóòå, à äëÿ ÍÆ

ñ ÓÍÒ ïðè âîçäåéñòâèè Ï×ÌÏ — íà 50-é ìèíóòå.

Äàííûé ýôôåêò ìîæåò áûòü îáúÿñíåí ïðè äîïóùå-

íèè, ÷òî âðåìÿ ðåëàêñàöèè äëÿ æèäêîñòè ñ ÓÍÒ áåç

âíåøíåãî âîçäåéñòâèÿ äîñòèãàåòñÿ çíà÷èòåëüíî

ðàíüøå, íåæåëè ïðè âîçäåéñòâèè Ï×ÌÏ [12].

Èññëåäîâàíèå âëèÿíèÿ ÓÍÒ
íà âðåìÿ èñïàðåíèÿ íàíîæèäêîñòåé

Èññëåäîâàíèå âëèÿíèÿ ÓÍÒ íà âðåìÿ èñïàðåíèÿ

ýòàíîëà ñ îòêðûòîé ïîâåðõíîñòè ïðîâîäèëîñü ïðè

íîðìàëüíîì àòìîñôåðíîì äàâëåíèè è òåìïåðàòó-

ðå 20 °Ñ. Íàáëþäåíèÿ ïðîâîäèëèñü â òå÷åíèå 24 ÷.

Ìîäèôèêàöèÿ ÍÆ MWCNT îñóùåñòâëÿëàñü â òå÷å-

íèå 30 ìèí äî íà÷àëà ýêñïåðèìåíòà ïðè âîçäåéñò-

âèè Ï×ÌÏ.

Ðåçóëüòàòû íàáëþäåíèé (ðèñ. 7 è 8) â öåëîì ïî-

êàçàëè ñîêðàùåíèå êîëè÷åñòâà èñïàðèâøåéñÿ æèä-

êîñòè â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè íà

30…60 %, ÷òî îáóñëàâëèâàåò óñòîé÷èâîñòü ÍÆ ê

äåãðàäàöèè. Âìåñòå ñ òåì ïðè êîíöåíòðàöèè ÓÍÒ

1,2 % îá. íàáëþäàåòñÿ ðîñò êîëè÷åñòâà èñïàðèâøåé-

ñÿ æèäêîñòè, ÷òî òðåáóåò äîïîëíèòåëüíûõ èññëåäî-

Ðèñ. 7. Èçìåíåíèå ìàññû ÍÆ, èñïàðèâøåéñÿ ñ ÓÍÒ, ÷åðåç 6 ÷: à — êîíòðîëüíûå îáðàçöû; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Ðèñ. 6. Êèíåòèêà èçìåíåíèÿ äàâëåíèÿ íàñûùåííîãî ïàðà ýòà-

íîëà Ðèçá â óñëîâèÿõ ìîäèôèêàöèè MWCNT

Ðèñ. 8. Èçìåíåíèå ìàññû ÍÆ, èñïàðèâøåéñÿ ñ ÓÍÒ, ÷åðåç 24 ÷: à — êîíòðîëüíûå îáðàçöû; á — ïðè âîçäåéñòâèè Ï×ÌÏ
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âàíèé. Ïðè âîçäåéñòâèè Ï×ÌÏ â áîëüøèíñòâå ñëó-

÷àåâ íàáëþäàåòñÿ ñîêðàùåíèå êîëè÷åñòâà èñïàðèâ-

øåéñÿ ÍÆ.

Âûâîäû

1. MWCNT îêàçûâàþò âëèÿíèå íà ýëåêòðîôèçè-

÷åñêèå õàðàêòåðèñòèêè æèäêîñòè è ñíèæàþò åå ïî-

æàðîîïàñíûå ñâîéñòâà, à èìåííî ïîâûøàþò ýëåêòðî-

ïðîâîäíîñòü è âÿçêîñòü, ñíèæàþò ñêîðîñòü èñïàðå-

íèÿ è äàâëåíèå íàñûùåííîãî ïàðà, ÷òî îãðàíè÷èâàåò

âîçìîæíîñòü îáðàçîâàíèÿ ãîðþ÷åé ñðåäû è âåðîÿò-

íîãî èñòî÷íèêà çàæèãàíèÿ — èñêðîâûõ ðàçðÿäîâ ñòà-

òè÷åñêîãî ýëåêòðè÷åñòâà.

2. Ìåõàíèçì óïðàâëåíèÿ ñâîéñòâàìè ÍÆ çàâè-

ñèò îò ôèçè÷åñêèõ ñâîéñòâ æèäêîñòè è íàíî÷àñòèö,

à òàêæå îò ïàðàìåòðîâ âíåøíåãî âîçäåéñòâèÿ. Ïðè-

ìåíåíèå Ï×ÌÏ ïîçâîëÿåò óïðàâëÿòü ïîæàðîîïàñ-

íûìè ñâîéñòâàìè ÍÆ áåç èñïîëüçîâàíèÿ äîïîëíè-

òåëüíûõ ðåàãåíòîâ, êîòîðûå, êàê ïðàâèëî, ìåíÿþò

êà÷åñòâåííûé ñîñòàâ áàçîâîé æèäêîñòè, ÷òî îñîáåí-

íî âàæíî â òåõíîëîãèÿõ ñèíòåçà ìàòåðèàëîâ [14] ñ

ðàçëè÷íûìè ôóíêöèîíàëüíûìè ñâîéñòâàìè.

3. Ðàçâèòèå íàíîòåõíîëîãè÷åñêèõ ìåòîäîâ óïðàâ-

ëåíèÿ ñâîéñòâàìè óãëåâîäîðîäíûõ æèäêîñòåé (ñî-

çäàíèå ÍÆ ñ ðåãóëèðóåìûìè ïàðàìåòðàìè íàíî-

÷àñòèö è áåçðåàãåíòíàÿ ìîäèôèêàöèÿ) ïîçâîëèò ðå-

øèòü öåëûé ðÿä çàäà÷ â öåëÿõ îáåñïå÷åíèÿ ïîæàð-

íîé áåçîïàñíîñòè ïðè õðàíåíèè è òðàíñïîðòèðîâêå

ËÂÆ è ÃÆ (ñíèæåíèå êîíöåíòðàöèè ïàðîâîçäóøíîé

ñìåñè â ñâîáîäíîì ïðîñòðàíñòâå àïïàðàòîâ, óìåíü-

øåíèå îáúåìà ðîçëèâîâ æèäêîñòåé ïðè àâàðèÿõ, îáåñ-

ïå÷åíèå ýëåêòðîñòàòè÷åñêîé áåçîïàñíîñòè ïðîöåñ-

ñîâ è äð.).
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ABSTRACT

When assessing the level of fire danger of technological process it is necessary to consider the rate of

evaporation of the combustible substances and materials, the expiration settings for liquids and gases,

concentrated limits of flame propagation for the combustible mixtures in technological devices and

equipment.

There are presented the Raman spectra of multilayer carbon nanotubes (CNT) used in the

experiments. It’s demonstrated reorientation of multiwalled carbon nanotubes external influence

variable frequency-modulated potential by atomic force microscopy, that eliminates one of the causes

of physical and chemical anisotropy in nanofluids system. The electrical conductivity nanofluids of

ethanol-based with multilayer carbon nanotubes increases by 2.5 times by increasing the concent-

ration of CNTs, their functionalization and increasing defects. Presumably the electrical conductivity

of nanofluids with low volume fraction of CNTs has a percolation nature, according to which the

nanotubes in conjunction with each other to form a base fluid system of conducting channels. In con-

ditions at low content of small orientational ordering additive increases the conductivity. The expira-

tion time of the liquid hydrocarbon with multiwalled nanotubes is increased by 20–35 % with

an increase in the CNT concentration. The rate of change of pressure in the saturated ethanol vapor

modifications multiwall carbon nanotubes and subjected to the influence of the frequency-modulated

potential during the first 15 minutes decreases in average 1.5 times.

The rate of weight loss is significantly reduced, which increases fire protection fluid with

additives CNT. The mass of evaporated nanofluids with ethanol-based multilayer CNT generally

decreased by 30–60 % compared to the base fluid that causes nanofluids stability to thermal

degradation index and determines the rheological properties.

The mechanism controlling the properties of nanofluids depends on the physical properties of

fluid and nanoparticles, as well as the parameters of external influence. The development of nano-

technology methods of controlling the properties of hydrocarbon liquids (creation bottom with adjus-

table parameters of nanoparticles and chemical free option) will allow you to solve a number of tasks

to ensure fire safety in the storage and transportation of flammable liquids and combustible liquids.

Keywords: flammable liquids; static electricity; electrical conductivity; carbon nanotubes; nano-

fluids; viscosity.
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