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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ýëåêòðîôèçè÷åñêèõ ñâîéñòâ æèäêèõ óãëåâîäîðîäîâ â
óñëîâèÿõ ìîäèôèêàöèè óãëåðîäíûìè íàíîñòðóêòóðàìè, à òàêæå âîçäåéñòâèÿ ïåðåìåííîãî ÷àñ-
òîòíî-ìîäóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ). Ôóíêöèîíàëèçàöèÿ óãëåðîäíûõ íàíîñòðóêòóð ñ
ìíîãîñëîéíûìè óãëåðîäíûìè íàíîòðóáêàìè (MWCNT) ïðîâîäèëàñü ñ ïîìîùüþ ðåàãåíòíîé
ìîäèôèêàöèè. Ìåòîäîì ðàìàíîâñêîé ñïåêòðîñêîïèè óñòàíîâëåíî èçìåíåíèå ñòðóêòóðû óãëå-
ðîäíûõ íàíîìàòåðèàëîâ ïîñëå èõ ôóíêöèîíàëèçàöèè. Ïîëó÷åíû äàííûå îá èçìåíåíèè êîýô-
ôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ, ñêîðîñòè èñòå÷åíèÿ, âðåìåíè èñïàðåíèÿ óãëåâîäîðîäíûõ
æèäêîñòåé â óñëîâèÿõ äåïîíèðîâàíèÿ ôóíêöèîíàëèçèðîâàííûõ MWÑNT è âîçäåéñòâèÿ Ï×ÌÏ.
Óñòàíîâëåíî, ÷òî íàíîæèäêîñòè ñ MWÑNT èìåþò áîëåå âûñîêèå çíà÷åíèÿ êîýôôèöèåíòà ïî-
âåðõíîñòíîãî íàòÿæåíèÿ è âðåìåíè êàïëåïàäåíèÿ, à èíòåíñèâíîñòü èñïàðåíèÿ ñíèæàåòñÿ. Ïî-
êàçàíî, ÷òî â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ íàáëþäàåòñÿ äîïîëíèòåëüíîå óìåíü-
øåíèå êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ, à òàêæå íåçíà÷èòåëüíîå óâåëè÷åíèå ñêîðîñòè
èñòå÷åíèÿ è óìåíüøåíèå èíòåíñèâíîñòè èñïàðåíèÿ íàíîæèäêîñòåé, ÷òî ïîçâîëÿåò ñíèçèòü âå-
ðîÿòíîñòü âîçíèêíîâåíèÿ âçðûâîîïàñíûõ êîíöåíòðàöèé ïðè àâàðèéíûõ ñèòóàöèÿõ â òåõíîëîãè-
÷åñêèõ àïïàðàòàõ ñ ËÂÆ è ÃÆ. Ïðîâåäåíû èññëåäîâàíèÿ ïðîöåññîâ ýëåêòðèçàöèè æèäêîñòåé
â óñëîâèÿõ óëüòðàçâóêîâîé ãîìîãåíèçàöèè. Ñäåëàí âûâîä î òîì, ÷òî ïðîöåññ ãîìîãåíèçàöèè
íàíîæèäêîñòåé íà îñíîâå æèäêèõ óãëåâîäîðîäîâ õàðàêòåðèçóåòñÿ áîëåå íèçêîé ñêîðîñòüþ
ðîñòà íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ, ÷òî ñïîñîáñòâóåò ñíèæåíèþ âåðîÿòíîñòè îáðàçîâà-
íèÿ èñêðîâûõ ðàçðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà.
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Ââåäåíèå

Îäíèì èç îñíîâíûõ íàïðàâëåíèé îáåñïå÷åíèÿ ïî-

æàðíîé áåçîïàñíîñòè òåõíîëîãè÷åñêèõ ïðîöåññîâ,

ñâÿçàííûõ ñ îáðàùåíèåì óãëåâîäîðîäíûõ æèäêî-

ñòåé, ÿâëÿåòñÿ ñîáëþäåíèå óñëîâèé âçðûâîçàùèòû

â óñëîâèÿõ îïàñíûõ ïðîÿâëåíèé ñòàòè÷åñêîãî ýëåêò-

ðè÷åñòâà (ÑÝ), ñâÿçàííûõ ñ ýëåêòðèçàöèåé æèä-

êîñòåé.

Ýëåêòðèçàöèÿ æèäêîñòåé ïðîèñõîäèò ïðè ðàç-

ëè÷íûõ ïðîöåññàõ è îïåðàöèÿõ (ðàñïûëåíèå, ïåðå-

ìåøèâàíèå, ãîìîãåíèçàöèÿ, áàðáîòèðîâàíèå, òðàíñ-

ïîðòèðîâêà è äð.). Çíà÷èòåëüíàÿ ïîæàðíàÿ îïàñíîñòü

ìîæåò âîçíèêàòü ïðè îáðàùåíèè ñ íåïðîâîäÿùèìè

óãëåâîäîðîäíûìè æèäêîñòÿìè. Ïðè ýòîì íåîáõîäè-

ìî ñîáëþäàòü òðåáîâàíèÿ ýëåêòðîñòàòè÷åñêîé èñêðî-

áåçîïàñíîñòè (ÝÑÈÁ) è ó÷èòûâàòü âîçìîæíûå ïðî-

ÿâëåíèÿ ÑÝ â óñëîâèÿõ íîðìàëüíîé àâàðèéíîé ðà-

áîòû òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ [1].

Ñóùåñòâóþùèå ìåòîäû îáåñïå÷åíèÿ âçðûâîïî-

æàðíîé è ïîæàðíîé áåçîïàñíîñòè â óñëîâèÿõ âîçìîæ-

íîé ýëåêòðèçàöèè íàïðàâëåíû íà ïðåäóïðåæäåíèå

îáðàçîâàíèÿ ñìåñåé ïàðîâ æèäêîñòè è îêèñëèòåëÿ

© Èâàíîâ À. Â., Ñîðîêèí À. Þ., Èâàõíþê Ã. Ê., Äåìåõèí Ô. Â., 2017
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â ïðåäåëàõ âîñïëàìåíåíèÿ, à òàêæå íåéòðàëèçàöèþ

çàðÿäîâ ÑÝ. Íåéòðàëèçàöèÿ ÑÝ ïðîâîäèòñÿ ñ ïîìî-

ùüþ çàçåìëèòåëåé è íåéòðàëèçàòîðîâ, êîíñòðóêöè-

îííûõ ìåòîäîâ, òåõíè÷åñêèõ è òåõíîëîãè÷åñêèõ ðå-

øåíèé, ïðåïÿòñòâóþùèõ îáðàçîâàíèþ çàðÿäîâ [2].

Îäíèì èç ñïîñîáîâ ïðåäîòâðàùåíèÿ íàêîïëå-

íèÿ çàðÿäîâ ÑÝ ÿâëÿåòñÿ ïðèìåíåíèå àíòèñòàòè÷å-

ñêèõ ïðèñàäîê (ñîåäèíåíèé õðîìà, ìåäè, êîáàëüòà

è äð.), îáåñïå÷èâàþùèõ óòå÷êó çàðÿäà íà çàçåìëåí-

íûå ÷àñòè îáîðóäîâàíèÿ çà ñ÷åò óâåëè÷åíèÿ îáúåì-

íîé ïðîâîäèìîñòè ñðåäû. Ðàáî÷èå êîíöåíòðàöèè

äàííûõ ïðèñàäîê ñîñòàâëÿþò òûñÿ÷íûå äîëè ïðî-

öåíòà, òåì íå ìåíåå äàæå òàêîå èõ êîëè÷åñòâî ïî-

çâîëÿåò èçìåíÿòü ýëåêòðîïðîâîäíîñòü æèäêîñòåé

íà ïîðÿäêè. Âìåñòå ñ òåì ñóùåñòâóþùèå àíòèñòà-

òè÷åñêèå ïðèñàäêè íå ëèøåíû ñóùåñòâåííûõ íåäî-

ñòàòêîâ, íàêëàäûâàþùèõ îãðàíè÷åíèÿ íà îáëàñòü

èõ ïðèìåíåíèÿ. Â ÷àñòíîñòè, ïðè õðàíåíèè è òðàíñ-

ïîðòèðîâêå óãëåâîäîðîäíûõ æèäêîñòåé ïðèñàäêè

ñîðáèðóþòñÿ ìåòàëëè÷åñêèìè ïîâåðõíîñòÿìè åì-

êîñòåé è òðóáîïðîâîäîâ è òåðÿþò ñâîþ ýôôåêòèâ-

íîñòü [2, 3]. Òàêèì îáðàçîì, çàäà÷à ðàçðàáîòêè àíòè-

ñòàòè÷åñêèõ ïðèñàäîê äëÿ óïðàâëåíèÿ ïðîöåññàìè

èñïàðåíèÿ è ýëåêòðèçàöèè óãëåâîäîðîäíûõ æèäêî-

ñòåé ïðè èõ òðàíñïîðòèðîâêå ÿâëÿåòñÿ âåñüìà àêòó-

àëüíîé.

Âçðûâû ïàðîâîçäóøíûõ ñìåñåé æèäêèõ óãëåâî-

äîðîäîâ ïðè ðàçðÿäàõ ÑÝ âîçìîæíû ïðè íàëè÷èè

íàä çåðêàëîì æèäêîñòè ïàðîâ âçðûâîîïàñíîé êîí-

öåíòðàöèè è äîñòàòî÷íîé ýíåðãèè ýëåêòðè÷åñêîãî

ðàçðÿäà.

Êîëè÷åñòâî èñïàðèâøåéñÿ æèäêîñòè mèñï îïðå-

äåëÿåòñÿ ïî ôîðìóëå

mèñï = W�èñï Sèñï , (1)

ãäå W — èíòåíñèâíîñòü èñïàðåíèÿ íåôòåïðîäóêòà,

êã/(ì2·ñ);

�èñï — âðåìÿ èñïàðåíèÿ, ñ;

Sèñï — ïëîùàäü èñïàðåíèÿ, ì2.

Ñîãëàñíî ÃÎÑÒ 31613–2012 äëÿ îáåñïå÷åíèÿ

ÝÑÈÁ íåîáõîäèìî ñîáëþäåíèå óñëîâèé, ïðè êîòî-

ðûõ ýíåðãèÿ ðàçðÿäà èëè çàðÿäà ÑÝ ñ èçäåëèÿ èëè

ìàòåðèàëà íå ïðåâûøàåò êðèòè÷åñêèõ çíà÷åíèé äëÿ

ñîîòâåòñòâóþùèõ ïàðîîáðàçíûõ ñìåñåé. Êðèòåðè-

ÿìè ÝÑÈÁ áåçûñêðîâîé ýëåêòðèçàöèè ñ âûñîêîé íà-

äåæíîñòüþ îòâå÷àþò æèäêîñòè â çàçåìëåííîì ìåòàë-

ëè÷åñêîì îáîðóäîâàíèè ñ óäåëüíûì îáúåìíûì ýëåêò-

ðè÷åñêîì ñîïðîòèâëåíèåì �V (Îì·ì) [4, 5] íå áîëåå

çíà÷åíèé, îïðåäåëÿåìûõ ñîîòíîøåíèåì [1]:

�V = 2��( jL), (2)

ãäå � — ïîòåíöèàë â öåíòðå íàýëåêòðèçîâàííîé æèä-

êîñòè, Â;

j — ïðåäåëüíî âîçìîæíàÿ ïëîòíîñòü òîêà ýëåêò-

ðèçàöèè â âîçäóõå, 10–4 À/ì2;

L — ðàäèóñ çåðêàëà æèäêîñòè, ì.

Âðåìÿ ðåëàêñàöèè çàðÿäà ÑÝ â íåôòåïðîäóêòå

� (c) ìîæåò áûòü îïðåäåëåíî ïî ôîðìóëå

� = � �0 �V , (3)

ãäå � — îòíîñèòåëüíàÿ äèýëåêòðè÷åñêàÿ ïðîíèöàå-

ìîñòü íåôòåïðîäóêòà;

�0 — ýëåêòðè÷åñêàÿ ïîñòîÿííàÿ, Ô/ì;

�0 = 8,854·10–12 Ô/ì.

Ïðè èñïîëüçîâàíèè àíòèñòàòè÷åñêèõ ïðèñàäîê

ïðè îïðåäåëåííîé êîíöåíòðàöèè ïðèìåñåé â íåôòå-

ïðîäóêòå âîçìîæíà åãî íàèáîëüøàÿ ýëåêòðèçàöèÿ.

Òàê, ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî íàèáîëü-

øàÿ ýëåêòðèçàöèÿ íåôòåïðîäóêòîâ íàáëþäàåòñÿ ïðè

óäåëüíîì ýëåêòðè÷åñêîì ñîïðîòèâëåíèè ïîðÿäêà

1011 Îì·ì [4] (ðèñ. 1).

Òàêèì îáðàçîì, èñïîëüçîâàíèå àíòèñòàòè÷åñêèõ

ïðèñàäîê äëÿ ïîâûøåíèÿ ïîâåðõíîñòíîãî íàòÿæå-

íèÿ è ýëåêòðîïðîâîäíîñòè ëåãêîâîñïëàìåíÿþùèõñÿ

(ËÂÆ) è ãîðþ÷èõ (ÃÆ) æèäêîñòåé ìîæåò îáåñïå-

÷èòü òðåáóåìîå âðåìÿ ðåëàêñàöèè çàðÿäà èç îáúåìà

óãëåâîäîðîäíûõ æèäêîñòåé, ÷òî â ñî÷åòàíèè ñ ìè-

íèìèçàöèåé èíòåíñèâíîñòè èñïàðåíèÿ äàñò âîçìîæ-

íîñòü ñíèçèòü âåðîÿòíîñòü âçðûâîâ ïàðîâîçäóøíûõ

ñìåñåé îò ðàçðÿäîâ ÑÝ.

Ïðèìåíåíèå óãëåðîäíûõ íàíîñòðóêòóð, â òîì

÷èñëå ãðàôåíà è ìíîãîñëîéíûõ óãëåðîäíûõ íàíî-

òðóáîê (MWCNT), ïîçâîëÿåò èçìåíÿòü ñâîéñòâà ðàç-

ëè÷íûõ æèäêîñòåé. Ýêñïåðèìåíòàëüíî óñòàíîâëåíî,

÷òî ñâîéñòâà ìîäèôèöèðîâàííûõ íàíîìàòåðèàëîâ

âî ìíîãîì çàâèñÿò îò êîíöåíòðàöèè íàíîñòðóêòóð,

à òàêæå îò ñîîòíîøåíèÿ äëèí è äèàìåòðîâ íàíî-

âîëîêîí [6]. Ñâîäíûå äàííûå, ïîëó÷åííûå ïðè èñ-

ñëåäîâàíèÿõ íåêîòîðûõ îðãàíè÷åñêèõ æèäêîñòåé,

ìîäèôèöèðîâàííûõ óãëåðîäíûìè íàíî÷àñòèöàìè,

ïðèâåäåíû â òàáë. 1.

Ðèñ. 1. Çàâèñèìîñòü ýëåêòðèçàöèè íåôòåïðîäóêòîâ Q�Q	 îò

óäåëüíîãî ñîïðîòèâëåíèÿ æèäêîñòè �V [4]

Fig. 1. Dependence of the electrization of petroleum products

Q�Q	 on the specific resistance of the liquid �V [4]



ISSN 2587-6201 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 718

ÝËÅÊÒÐÎÒÅÕÍÈÊÀ

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ áûëî îáîñíî-

âàíèå ïðèìåíåíèÿ óãëåðîäíûõ íàíîñòðóêòóð äëÿ

îáåñïå÷åíèÿ ÝÑÈÁ ïðè îáðàùåíèè ñ æèäêèìè óãëå-

âîäîðîäàìè. Â ðàáîòå ïðèâåäåíû ðåçóëüòàòû èññëå-

äîâàíèÿ ñòðóêòóðû íàíîìàòåðèàëîâ, êîýôôèöèåíòà

ïîâåðõíîñòíîãî íàòÿæåíèÿ, êèíåòèêè èñïàðåíèÿ

óãëåâîäîðîäíûõ æèäêîñòåé, ìîäèôèöèðîâàííûõ óã-

ëåðîäíûìè íàíîêîìïîíåíòàìè, à òàêæå ïðîöåññîâ

èõ ýëåêòðèçàöèè â óñëîâèÿõ óëüòðàçâóêîâîé ãîìîãå-

íèçàöèè.

Ìàòåðèàëû
è ìåòîäû èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðà-

íû óãëåðîäíûå íàíîìàòåðèàëû, ñîäåðæàùèå

MWCNT, êîòîðûå áûëè ïîëó÷åíû ìåòîäîì êàòàëè-

òè÷åñêîãî ïèðîëèçà íà óñòàíîâêå “CVDomna” [11].

Íàíîìàòåðàëû ïîäâåðãàëèñü ðåàãåíòíîé ìîäèôè-

êàöèè äëÿ óëó÷øåíèÿ èõ ýêñïëóàòàöèîííûõ õàðàê-

òåðèñòèê [12].

Èìåþùèåñÿ MWCNT ôóíêöèîíàëèçèðîâàëèñü â

ñìåñè 25 %-íîé àçîòíîé êèñëîòû (HNO3) è 75 %-íîé

ñåðíîé êèñëîòû (H2SO4). Äëÿ ýòîãî â 1 ë ñìåñè ñ òåì-

ïåðàòóðîé 100 °Ñ äîáàâëÿëàñü ïî 0,25 ã MWÑNT

íà 1 ÷. ×àñòü MWCNT âûïàäàëà â îñàäîê, äðóãàÿ îò-

äåëÿëàñü îò âçâåñè ñ ïîìîùüþ öåíòðèôóãèðîâàíèÿ

è âûñóøèâàëàñü ïðè òåìïåðàòóðå 85…90 °Ñ. Îñàäîê

è âçâåñü MWÑNT ïðîìûâàëèñü äèñòèëëèðîâàííîé

âîäîé äî äîñòèæåíèÿ pH = 6,5. Äàëåå ïðîâîäèëàñü

ñóøêà îñòàòêà ïðè òåìïåðàòóðå 60 °Ñ. Ñâîäíûå äàí-

Îáðàçåö

Material

Òåõíîëîãè÷åñêàÿ îïåðàöèÿ / Technological operation

Îáðàáîòêà
ñìåñüþ êèñëîò

Treatment
by mixture of acids

Ñáîð
âûïàâøåãî îñàäêà

Collection
of the precipitate

Öåíòðèôóãèðîâàíèå
âçâåñè

Centrifuging the slurry

Ïðîìûâêà äèñòèëëè-
ðîâàííîé âîäîé

Rinsing by distilled
water

MWÑNT (Í)íð / MWÑNT (N)nr + + – +

MWÑNT (Í)ïð / MWÑNT (N)pr + – + +

MWÑNT (Î)íð / MWÑNT (O)nr + + – +

MWÑNT (Î)ïð / MWÑNT (O)pr + – + +

Òàáëèöà 2. Ïîðÿäîê ïîäãîòîâêè èññëåäóåìûõ íàíîìàòåðèàëîâ
Table 2. The order of preparation of the investigated nanomaterials

Áàçîâàÿ æèäêîñòü

Base fluid

Õàðàêòåðèñòèêà íàíî÷àñòèö

Characterization of nanoparticles

Ñâîéñòâà íàíîæèäêîñòè
â ñðàâíåíèè ñ áàçîâîé

The properties of the nanofluid
in comparison with the base

Èñòî÷íèê

References

Ýòèëåíãëèêîëü

Ethylene glycol

Ãðàôåí (0,056 % îá.) (r = 0,7…3,0 ìêì),
äèñïåðãèðîâàíèå óëüòðàçâóêîì ïðè
T = 25…50 °Ñ

Graphene (0.056 % vol.) (r = 0.7…3.0 �m),
ultrasonic dispersion at T = 25…50 °C

Ïîâûøåíèå ýëåêòðîïðîâîäíîñòè
â 3…6 ðàç

Increase in electrical conductivity
in 3…6 times

[7]

Ýòèëåíãëèêîëü
70 % îá. + äèñòèëëèðî-
âàííàÿ âîäà 30 % îá.

Ethylene glycol
70 % by vol. + Distilled
water 30 % vol.

Ãðàôåí (0,041…0,395 % îá.), äèñïåðãè-
ðîâàíèå óëüòðàçâóêîì ïðè T = 30 °Ñ

Graphene (0.041…0.395 % vol.), ultra-
sonic dispersion at T = 30 °C

Óìåíüøåíèå âÿçêîñòè íà 100 %,
ïîâûøåíèå ýëåêòðîïðîâîäíîñòè
íà 8620 %

The decrease in viscosity by 100 %,
the increase in electrical conductivity
by 8620 %

[8]

Ýòàíîë

Ethanol

MWCNT (0,5…3,0 % îá.) (d = 10…30 íì),
äèñïåðãèðîâàíèå óëüòðàçâóêîì

MWCNT (0.5…3.0 % vol.) (d = 10…30 nm),
ultrasonic dispersion

Ïîâûøåíèå ýëåêòðîïðîâîäíîñòè
â 2…15 ðàç

Increase of electrical conductivity
in 2…15 times

[9]

Ýòàíîë

Ethanol

MWCNT (0,5…3,0 % îá.) (d = 30 íì,
l = 2…5 ìêì), äèñïåðãèðîâàíèå óëüòðà-
çâóêîì ïðè T = 20 °Ñ

MWCNT (0.5…3.0 % vol.) (d = 30 nm,
l = 2…5 �m), ultrasonic dispersion at
T = 20 °C

Ïîâûøåíèå ýëåêòðîïðîâîäíîñòè
â 2…3 ðàçà, ñíèæåíèå äàâëåíèÿ
íàñûùåííîãî ïàðà íà 20…50 %

The increase in electrical conductivity
is 2…3 times, the pressure of satu-
rated steam is reduced by 20…50 %

[10]

Òàáëèöà 1. Ñâîéñòâà îðãàíè÷åñêèõ æèäêîñòåé è òâåðäûõ ïîëèìåðîâ, ìîäèôèöèðîâàííûõ óãëåðîäíûìè íàíî÷àñòèöàìè

Table 1. Properties of organic liquids and solid polymers modified with carbon nanoparticles
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íûå î õàðàêòåðå ïîäãîòîâêè íàíîìàòåðèàëîâ ïðåä-

ñòàâëåíû â òàáë. 2.

Â êà÷åñòâå áàçîâûõ æèäêîñòåé èñïîëüçîâàëèñü

áåíçèí ÍÅÔÐÀÑ Ñ2-80/120 [13, 14], êåðîñèí ÒÑ-1

(ÃÎÑÒ 10227–86, [15]). Ñâîäíûå äàííûå î ñâîéñò-

âàõ æèäêîñòåé ïðèâåäåíû â òàáë. 3.

Íàíîæèäêîñòè ïîëó÷åíû ïóòåì äèñïåðãèðîâà-

íèÿ íàíîìàòåðèàëîâ ñ MWÑNT â áàçîâîé æèäêîñòè

(ñ êîíöåíòðàöèåé 0,2 % ìàññ.) ïðè âîçäåéñòâèè èñ-

òî÷íèêà óëüòðàçâóêà ñ ÷àñòîòîé 100 êÃö â òå÷åíèå

1 ÷ ïðè òåìïåðàòóðå 40 °Ñ. Äëÿ îáðàçöîâ MWCNT,

ïîëó÷åííûõ ïðè öåíòðèôóãèðîâàíèè èñõîäíîãî íà-

íîìàòåðèàëà, íàáëþäàëñÿ áîëåå îäíîðîäíûé ñîñòàâ

íàíîæèäêîñòåé â ñðàâíåíèè ñ îáðàçöàìè, ïîëó÷åí-

íûìè èç íåðàñòâîðåííîãî îñàäêà (ðèñ. 2 è 3).

Â õîäå ýêñïåðèìåíòîâ îòäåëüíûå îáðàçöû íàíî-

ìàòåðèàëîâ ïîäâåðãàëèñü ýëåêòðîôèçè÷åñêîìó âîç-

äåéñòâèþ [16] ñ ïàðàìåòðàìè ïåðåìåííîãî ÷àñòîòíî-

ìîäóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ) 112 Â, 50 Ãö.

Îöåíêà èçìåíåíèÿ õàðàêòåðèñòè÷åñêèõ ïèêîâ óã-

ëåðîäíîãî íàíîìàòåðèàëà c MWÑNT ïðè èõ ôóíê-

öèîíàëèçàöèè âûïîëíÿëàñü ìåòîäîì ðàìàíîâñêîé

ñïåêòðîñêîïèè íà óñòàíîâêå “Ntegra Spectra” c äëè-

íîé âîëíû ëàçåðà 532 íì.

Èçìåðåíèå êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿ-

æåíèÿ ìîäèôèöèðîâàííûõ óãëåâîäîðîäíûõ æèäêî-

ñòåé (áåíçèí ÍÅÔÐÀÑ Ñ2-80/120, êåðîñèí ÒÑ-1) ïðî-

âîäèëîñü ìåòîäîì îòðûâà êàïåëü. Âðåìÿ êàïëåïàäå-

íèÿ ôèêñèðîâàëîñü ñåêóíäîìåðîì [17].

Êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæåíèÿ 

îïðåäåëÿëñÿ ïî ôîðìóëå


 = �gV�(n�d), (5)

ãäå � — ïëîòíîñòü æèäêîñòè, êã/ì3;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì/ñ2;

g = 9,81 ì/ñ2;

V — îáúåì æèäêîñòè, ìë; V = 1 ìë;

n — êîëè÷åñòâî êàïåëü;

d — äèàìåòð øåéêè, ìì; d = 0,6 ìì.

Èññëåäîâàíèå âðåìåíè èñïàðåíèÿ æèäêîñòåé ïðî-

èñõîäèëî â âûòÿæíîì øêàôó ðàçìåðîì 1,5�1,2�2,5 ì

ïðè òåìïåðàòóðå âîçäóõà 25 °Ñ è êðàòíîñòè âîç-

Ñâîéñòâî

Property

Áåíçèí
ÍÅÔÐÀÑ
Ñ2-80/120

Petrol
NEFRAS
C2-80/120

Êåðîñèí
ÒÑ-1

Kerosene
TS-1

Ìîëÿðíàÿ ìàññà, êã/êìîëü

Molar mass, kg/kmol 
114 
156

Òåìïåðàòóðà âñïûøêè, °Ñ

Flash temperature, °Ñ –17 �28

Ïëîòíîñòü ïðè 20 °Ñ, êã/ì3

Density at 20 °Ñ, kg/m3 720 �781

Ïîâåðõíîñòíîå íàòÿæåíèå
ïðè 25 °Ñ, Í/ì

Surface tension at 25 °C, N/m

0,021 
0,024

Òàáëèöà 3. Ñâîéñòâà èññëåäóåìûõ æèäêîñòåé

Table 3. Properties of the tested liquids

Ðèñ. 2. Íàíîæèäêîñòè íà îñíîâå áåí-

çèíà ÍÅÔÐÀÑ Ñ2-80/120 ñ êîíöåíòðà-

öèåé íàíîìàòåðèàëà 0,2 % ìàññ.: à —

MWÑNT (Í)íð; á — MWÑNT (Í)ïð; â —

MWÑNT (Î)íð; ã — MWÑNT (Î)ïð

Fig. 2. Nanofluids based on petrol NEFRAS

C2-80/120 with nanomaterial concentra-

tion of 0.2 wt. %: a — MWÑNT (N)nr; b —

MWCNT (N)pr; v — MWÑNT (O)nr; g —

MWÑNT (O)pr

Ðèñ. 3. Íàíîæèäêîñòè íà îñíîâå êåðîñè-

íà ÒÑ-1 ñ êîíöåíòðàöèåé íàíîìàòåðèàëà

0,2 % ìàññ.: à — MWÑNT (Í)íð; á —

MWÑNT (Í)ïð; â — MWÑNT (Î)íð; ã —

MWÑNT (Î)ïð

Fig. 3. Nanofluids based on kerosene TS-1

with nanomaterial concentration of 0.2 wt. %:

a — MWÑNT (N)nr; b — MWCNT (N)pr;

v — MWÑNT (O)nr; g — MWÑNT (O)pr
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äóõîîáìåíà 6 ÷–1. Ïðåäâàðèòåëüíî ïîäãîòîâëåííûå

íàíîæèäêîñòè ïîìåùàëè â åìêîñòè ñ îòêðûòîé

ïîâåðõíîñòüþ äèàìåòðîì 60 ìì è âûñîòîé 72 ìì.

Ïîòåðè ìàññû ôèêñèðîâàëè íà ëàáîðàòîðíûõ

âåñàõ ìàðêè ÂËÒÝ-5000 â òå÷åíèå 3 ÷ äëÿ áåíçèíà

ÍÅÔÐÀÑ Ñ2-80/120 è 7 ñóò — äëÿ êåðîñèíà ÒÑ-1.

Èññëåäîâàíèå ïðîöåññîâ ýëåêòðèçàöèè íàíîæèä-

êîñòåé ïðîâîäèëè â óñòàíîâêå óëüòðàçâóêîâîé ãîìî-

ãåíèçàöèè (ðèñ. 4). Íàíîæèäêîñòè ïîìåùàëè â ñòåê-

ëÿííûå åìêîñòè âìåñòèìîñòüþ 50 ìë, ïîñëå ÷åãî èõ

ïåðåìåøèâàëè ïðè âîçäåéñòâèè óëüòðàçâóêà (÷àñòî-

òà 100 êÃö, ìîùíîñòü 1 êÂò) â òå÷åíèå 5 ìèí ïðè

òåìïåðàòóðå 25…40 °Ñ. Íàïðÿæåííîñòü ýëåêòðè-

÷åñêîãî ïîëÿ èçìåðÿëè ýëåêòðîñòàòè÷åñêèì âîëüò-

ìåòðîì SF 156 íà ðàññòîÿíèè 50 ìì îò ïîâåðõíîñòè

æèäêîñòè.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Èññëåäîâàíèå ñòðóêòóðû íàíîìàòåðèàëîâ
ìåòîäîì ðàìàíîâñêîé ñïåêòðîñêîïèè

Óãëåðîäíûé íàíîìàòåðèàë MWÑNT (Î) èçíà-

÷àëüíî ñîäåðæàë äîñòàòî÷íî áîëüøîå êîëè÷åñòâî

ñòðóêòóðèðîâàííîãî óãëåðîäíîãî ìàòåðèàëà è èìåë

õîðîøî âûðàæåííóþ G-ïîëîñó â îáëàñòè 1600 cì–1.

D-ïîëîñà â îáëàñòè 1400 ñì–1 òàêæå áûëà çíà÷è-

òåëüíî âûðàæåíà, ÷òî ìîæåò ñâèäåòåëüñòâîâàòü î

íàëè÷èè â îáðàçöå àìîðôíîãî óãëåðîäà (ðèñ. 5,à).

Íàíîìàòåðèàë MWÑNT (Í) íå èìåë õîðîøî âûðà-

æåííîé G-ïîëîñû, â òî âðåìÿ êàê D-ïîëîñà, õàðàê-

òåðèçóþùàÿ íàëè÷èå àìîðôíîãî óãëåðîäà, áûëà âû-

Ðèñ. 4. Ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èññëåäîâàíèÿ

ïðîöåññîâ ýëåêòðèçàöèè ïðè ãîìîãåíèçàöèè íàíîæèäêîñòåé:

1 — åìêîñòü ñ âîäîé; 2 — åìêîñòü ñ íàíîæèäêîñòüþ; 3 — èñ-

òî÷íèê óëüòðàçâóêà; 4 — ãåíåðàòîð Ï×ÌÏ; 5 — âîëíîâîä;

6 — ýëåêòðîñòàòè÷åñêèé âîëüòìåòð SF 156

Fig. 4. Scheme of a laboratory installation for studying the elect-

rization processes during the homogenization of nanofluids: 1 —

ñapacity with water; 2 — capacity with nanofluid; 3 — the source

of ultrasound; 4 — VFMP generator; 5 — waveguide; 6 — electro-

static voltmeter SF 156

Ðèñ. 5. Ðàìàíîâñêèé ñïåêòð íàíîìàòåðèàëîâ MWÑNT (Î) (à) è MWÑNT (Í) (á) ïðè èõ ôóíêöèîíàëèçàöèè: 1 — èñõîäíûé

ìàòåðèàë; 2 — MWÑNT â íåðàñòâîðèìîì îñàäêå; 3 — MWÑNT âî âçâåñè

Fig. 5. Raman spectrum of nanomaterials MWÑNT (O) (à) and MWÑNT (N) (b) at its functionalization: 1 — initial material; 2 —

MWÑNT in an insoluble precipitate; 3 — MWÑNT in suspension
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ðàæåíà îò÷åòëèâî (ðèñ. 5,á), ÷òî ìîæåò ãîâîðèòü î

íèçêîì êà÷åñòâå èñõîäíîãî íàíîìàòåðèàëà.

Ïîñëå ôóíêöèîíàëèçàöèè ðàìàíîâñêèå ñïåêòðû

íàíîìàòåðèàëîâ MWÑNT (Î) è MWÑNT (Í) õàðàê-

òåðèçîâàëèñü èíòåíñèâíîé G-ïîëîñîé. Èíòåíñèâíîñòü

D-ïîëîñû, õàðàêòåðèçóþùàÿ äåôåêòíîñòü MWÑNT

â íàíîìàòåðèàëå, îêàçàëàñü âûøå äëÿ îáðàçöîâ, ïî-

ëó÷åííûõ ïðè öåíòðèôóãèðîâàíèè âçâåñè ôóíêöèî-

íàëèçèðîâàííûõ íàíîòðóáîê MWÑNT (Î) â ñðàâíå-

íèè ñ îáðàçöàìè MWÑNT (Í).

Èçìåðåíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ
è âðåìåíè èñòå÷åíèÿ íàíîæèäêîñòåé

Èçìåðåíèÿ ïîêàçàëè, ÷òî íàíîæèäêîñòè íà îñíîâå

áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120 èìåþò áîëåå âûñîêèå ïî

ñðàâíåíèþ ñ èñõîäíûìè îáðàçöàìè çíà÷åíèÿ êîýô-

ôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ (íà 6…25 %)

è âðåìåíè êàïëåïàäåíèÿ (íà 10…18 %). Â óñëîâèÿõ

ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ íàáëþäàåòñÿ ïðå-

èìóùåñòâåííîå ñíèæåíèå êîýôôèöèåíòà ïîâåðõíî-

ñòíîãî íàòÿæåíèÿ íàíîæèäêîñòåé íà 3…5 %, à òàêæå

óâåëè÷åíèå âðåìåíè èñòå÷åíèÿ íà 12…15 % (ðèñ. 6).

Äëÿ íàíîæèäêîñòåé íà îñíîâå êåðîñèíà ÒÑ-1

êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæåíèÿ èçìåíèë-

ñÿ íåçíà÷èòåëüíî (äî 6 %). Äëÿ âðåìåíè èñòå÷åíèÿ

íàáëþäàëîñü óâåëè÷åíèå çíà÷åíèé íà 10…24 %.

Â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ íà-

áëþäàåòñÿ íåçíà÷èòåëüíîå óìåíüøåíèå êîýôôèöè-

åíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ íà 4…6 %, à òàêæå

ïîâûøåíèå ñêîðîñòè èñòå÷åíèÿ íà 3…5 % (ðèñ. 7),

÷òî ñâÿçàíî ñ âîçäåéñòâèåì Ï×ÌÏ íà ðåîëîãè÷å-

ñêèå ïàðàìåòðû áàçîâîé æèäêîñòè [18].

Èññëåäîâàíèå âðåìåíè èñïàðåíèÿ
ìîäèôèöèðîâàííûõ íàíîæèäêîñòåé
ñ îòêðûòîé ïîâåðõíîñòè

Ïî ðåçóëüòàòàì èçìåðåíèé ìîæíî ñäåëàòü âûâîä,

÷òî âíåäðåíèå MWÑNT â áàçîâóþ æèäêîñòü ïîçâî-

ëÿåò ñíèçèòü èíòåíñèâíîñòü èñïàðåíèÿ â ñðåäíåì

íà 30 % äëÿ áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120 (ðèñ. 8,à).

Äëÿ êåðîñèíà ÒÑ-1 ñ íàíîìàòåðèàëîì MWÑNT (Î)

íàáëþäàëîñü ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ

íà 38 %, à äëÿ MWÑNT (Í) èíòåíñèâíîñòü èñïàðå-

íèÿ íàíîæèäêîñòè îñòàëàñü ïðàêòè÷åñêè íà ïðåæ-

íåì óðîâíå, ÷òî ìîæåò áûòü îáúÿñíåíî ñîðáöèîí-

íûìè ñâîéñòâàìè âåùåñòâ è òðåáóåò äîïîëíèòåëü-

íûõ èññëåäîâàíèé (ðèñ. 9,à).

Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè èíòåíñèâ-

íîñòü èñïàðåíèÿ íàíîæèäêîñòåé íà îñíîâå áåíçèíà

ÍÅÔÐÀÑ Ñ2-80/120 ïðèáëèæàåòñÿ ê çíà÷åíèÿì, ñî-

îòâåòñòâóþùèì áàçîâîé æèäêîñòè (ðèñ. 8,á). Äëÿ

êåðîñèíà ÒÑ-1 ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñò-

âèè ïðîèñõîäèò çíà÷èòåëüíîå ñíèæåíèå (â 3,1 ðàçà)

èíòåíñèâíîñòè èñïàðåíèÿ (ðèñ. 9,á).

Ðèñ. 6. Êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæåíèÿ 
 (�) è

âðåìÿ èñòå÷åíèÿ íàíîæèäêîñòåé �V��� (––—) íà îñíîâå

áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120 áåç âîçäåéñòâèÿ Ï×ÌÏ (�) è

ïðè åãî âîçäåéñòâèè (�)

Fig. 6. Coefficient of surface tension 
 (�) and expiration time of

nanofluids �V��� (––—) based on petrol NEFRAS C2-80/120

without affecting VFMP (�) and with affecting VFMP (�)

Ðèñ. 7. Êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæåíèÿ 
 (�) è

âðåìÿ èñòå÷åíèÿ íàíîæèäêîñòåé �V��� (––—) íà îñíîâå

êåðîñèíà ÒÑ-1 áåç âîçäåéñòâèÿ Ï×ÌÏ (�) è ïðè åãî âîçäåé-

ñòâèè (�)

Fig. 7. Coefficient of surface tension 
 (�) and the expiration

time of nanofluids �V��� (––—) based on kerosene TS-1

without affecting VFMP (�) and with affecting VFMP (�)
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Èññëåäîâàíèå ïðîöåññîâ ýëåêòðèçàöèè
æèäêîñòåé â óñëîâèÿõ óëüòðàçâóêîâîé
ãîìîãåíèçàöèè

Ðåçóëüòàòû èçìåðåíèé íàïðÿæåííîñòè ýëåêòðè-

÷åñêîãî ïîëÿ ïðè ãîìîãåíèçàöèè íàíîæèäêîñòåé íà

îñíîâå áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120 è êåðîñèíà ÒÑ-1

ïðåäñòàâëåíû íà ðèñ. 10 è 11. Ïðàêòè÷åñêè äëÿ âñåõ

îáðàçöîâ íàíîæèäêîñòåé íàáëþäàëàñü áîëåå íèçêàÿ

ñêîðîñòü ýëåêòðèçàöèè ïî ñðàâíåíèþ ñ áàçîâûìè

æèäêîñòÿìè, ÷òî ñâèäåòåëüñòâóåò îá èõ áîëåå âûñîêîé

Ðèñ. 8. Ìàññà èñïàðèâøåéñÿ ñ îòêðûòîé ïîâåðõíîñòè íàíî-

æèäêîñòè íà îñíîâå áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120: à — áåç

ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 8. The amount of evaporated nanofluid based on petrol

NEFRAS C2-80/120 on evaporation from an exposed surface:

a — without electrophysical influence; b — under the influence

of VFMP

Ðèñ. 9. Ìàññà èñïàðèâøåéñÿ ñ îòêðûòîé ïîâåðõíîñòè íàíî-

æèäêîñòè íà îñíîâå êåðîñèíà ÒÑ-1: à — áåç ýëåêòðîôèçè÷å-

ñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 9. Amount of evaporated nanofluid based on kerosene TS-1

upon evaporation from an open surface: a — without electrophy-

sical influence; b — under the influence of VFMP
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óäåëüíîé ýëåêòðîïðîâîäíîñòè (ìåíåå 1010 Îì·ì).

Âìåñòå ñ òåì äëÿ îòäåëüíûõ íàíîæèäêîñòåé, ñîäåð-

æàùèõ íàíîìàòåðèàë, ïîëó÷åííûé èç íåðàñòâîðåí-

íîãî îñàäêà (MWCNT (Í)íð è MWCNT (Î)íð), íà-

áëþäàëàñü áîëåå âûñîêàÿ ñêîðîñòü ýëåêòðèçàöèè,

÷òî, ïðåäïîëîæèòåëüíî, ñâÿçàíî ñî ñíèæåíèåì ýëåêò-

ðîïðîâîäíîñòè íàíîæèäêîñòåé äî âåëè÷èíû ïîðÿä-

êà 1011 Îì·ì.

Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè ïðîèñõî-

äèò äîïîëíèòåëüíîå ñíèæåíèå ýëåêòðèçàöèè íàíî-

Ðèñ. 10. Íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ ïðè ãîìîãåíè-

çàöèè íàíîæèäêîñòåé íà îñíîâå áåíçèíà ÍÅÔÐÀÑ Ñ2-80/120:

à — áåç ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåé-

ñòâèè Ï×ÌÏ

Fig. 10. Electric field strength during homogenization of nano-

fluids based on petrol NEFRAS C2-80/120: a — without electro-

physical influence; b — under the influence of VFMP

Ðèñ. 11. Íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ ïðè ãîìîãåíè-

çàöèè íàíîæèäêîñòåé íà îñíîâå êåðîñèíà ÒÑ-1: à — áåç ýëåêò-

ðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 11. Electric field strength during homogenization of nano-

fluidic liquids based on kerosene TS-1: a — without electrophy-

sical influence; b — under the influence of VFMP
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æèäêîñòåé, ÷òî ìîæåò áûòü îáúÿñíåíî âîçäåéñòâèåì

Ï×ÌÏ íà ïðîöåññû ýëåêòðèçàöèè [19], à òàêæå ñòà-

áèëèçàöèåé íàíî÷àñòèö â áàçîâûõ óãëåâîäîðîäíûõ

æèäêîñòÿõ.

Âûâîäû

1. Ðåàãåíòíàÿ ìîäèôèêàöèÿ íàíîñòðóêòóð ïîçâî-

ëÿåò ïîâûñèòü êà÷åñòâî óãëåðîäíîãî íàíîìàòåðèà-

ëà äëÿ åãî èñïîëüçîâàíèÿ â êà÷åñòâå ýëåìåíòà àíòè-

ñòàòè÷åñêîé ïðèñàäêè äëÿ óãëåâîäîðîäíûõ æèäêî-

ñòåé.

2. Èçìåíåíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ, ñêîðî-

ñòè èñòå÷åíèÿ è èíòåíñèâíîñòè èñïàðåíèÿ óãëåâî-

äîðîäíûõ æèäêîñòåé ïîñðåäñòâîì ââåäåíèÿ â íèõ

íàíîìàòåðèàëîâ ñ MWÑNT ïîçâîëÿåò ñíèçèòü âå-

ðîÿòíîñòü âîçíèêíîâåíèÿ âçðûâîîïàñíûõ êîíöåíò-

ðàöèé â òåõíîëîãè÷åñêèõ àïïàðàòàõ ñ ËÂÆ è ÃÆ.

3. Íàíîæèäêîñòè ñ MWCNT, ïîëó÷åííûìè ñ èñ-

ïîëüçîâàíèåì öåíòðèôóãèðîâàíèÿ, õàðàêòåðèçóþò-

ñÿ áîëåå âûñîêîé ñòàáèëüíîñòüþ. Ïðîöåññ ãîìîãå-

íèçàöèè íàíîæèäêîñòåé íà îñíîâå MWCNT (Í)ïð è

MWCNT (Î)ïð õàðàêòåðèçóåòñÿ áîëåå íèçêîé ñêî-

ðîñòüþ ðîñòà íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ,

÷òî ñïîñîáñòâóåò ñíèæåíèþ âåðîÿòíîñòè èñêðîâûõ

ðàçðÿäîâ ÑÝ.

4. Ýëåêòðîôèçè÷åñêîå âîçäåéñòâèå ïîñðåäñòâîì

Ï×ÌÏ ïîçâîëÿåò îïåðàòèâíî óïðàâëÿòü âçðûâîïî-

æàðîîïàñíûìè ñâîéñòâàìè óãëåâîäîðîäíûõ æèäêî-

ñòåé ïðè îáðàùåíèè ñ íèìè â óñëîâèÿõ äåéñòâóþùèõ

òåõíîëîãè÷åñêèõ ïðîöåññîâ.
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ABSTRACT

In processes of filling, draining and transportation of hydrocarbon liquids in tanks and tanks, spraying

is resulted by their electrization that promotes emergence of static electricity. Electrostatic discharges

are capable to ignite mixes of combustible steams with air or other oxidizers that is one of origins of

the fires and explosions in technological devices.

One of the modern directions of development of technologies is creation of nanofluids on the basis

of carbon nanoparticles, including MWCNT with adjustable parameters warm and the mass transfer.

Nanofluids represent suspensions with small concentration of particles of the firm phase.

In work electrophysical properties of the modified hydrocarbon liquids were investigated:

NEFRAS C2-80/120 gasoline and kerosene of TS-1. Modification consisted in dispersion in liquids



ISSN 2587-6201 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 726

ÝËÅÊÒÐÎÒÅÕÍÈÊÀ

of the carbon nanomaterials supporting MWCNT which were received by method of catalytic pyro-

lysis on the “CVDomna”. MWCNT are the functionalization by the reagent method, and their

structures are investigated by method of the Raman spectroscopy. Electrophysical modification was

carried out by impact on the studied structures of VFMP.

It is established that the coefficient of surface tension of the modified hydrocarbon liquids on

the basis of NEFRAS C2-80/120 gasoline increased for 6…25 %, and time of drop falling increased

by 10–18 %. In the conditions of influence of VFMP of value of coefficient of surface tension of nano-

fluids preferential decreases by 3…5 %, but expiration time at the same time also increases by 12…15 %.

Values of coefficient of surface tension for nanofluids on the basis of kerosene of TS-1 increased up to

6 %. For values of time of the expiration increase in values by 10…24 % was observed. In the con-

ditions of electrophysical impact additional reduction of value of coefficient of surface tension by

4…6 %, and also insignificant increase in exhaust speed by 3…5 % is observed.

Values of time of evaporation of the modified nanofluids from the open surface are received,

at the same time decrease in intensity of evaporation on average by 30 % for NEFRAS C2-80/120

gasoline was observed. For kerosene of TS-1 decrease in intensity of evaporation to 38 % depending

on the used MWCNT was observed that can be explained with sorption properties of substances.

At electrophysical influence intensity of evaporation of nanofluids on the basis of NEFRAS C2-80/120

gasoline approaches the values corresponding to basic liquid, and on the basis of kerosene of TS-1

there is the considerable decrease — by 3.1 times.

At the research of processes of electrization of hydrocarbon liquids in the conditions of ultrasonic

homogenization practically for all samples of nanofluids lower speed of electrization in comparison

with basic liquids was observed that testifies to their higher direct-current conductivity. At electro-

physical impact there is the additional decrease in electrization of nanofluids that can be connected

with impact of VFMP on electrization processes, and also stabilization of nanoparticles in basic

hydrocarbon liquids.

The received results speak about the possibility of decrease in probability of emergence of

explosive concentration in technological devices with hydrocarbon liquids at introduction of nano-

materials to them with MWCNT. Process of homogenization of nanofluids with MWCNT is charac-

terized by lower growth rate of electric field intensity that in turn promotes decrease in probability of

spark discharges of static electricity. Electrophysical impact by means of VFMP allows to manage

quickly fire and explosion hazardous properties of hydrocarbon liquids in the conditions of the ope-

rating technological processes.

Keywords: nanofluids; static electricity; electrostatic intrinsic safety; hydrocarbon fluids; multilayered

carbon nanotubes; variable frequency-modulated potential.
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